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(57) ABSTRACT 

There is provided a powder of a lithium transition-metal 
compound for a positive-electrode material in a lithium sec 
ondary battery, in which the use of the powder as that of a 
positive-electrode material in a lithium secondary battery 
achieves a good balance among improvement in battery per 
formance, cost reduction, resistance to a higher Voltage, and a 
higher level of safety. The powder of the lithium transition 
metal compound for a positive-electrode material in a lithium 
secondary battery is characterized in that in a mercury intru 
sion curve obtained by mercury intrusion porosimetry, the 
amount of mercury intruded is in the range of 0.8 cm/g to 3 
cm/g when the pressure is increased from 3.86 kPa to 413 
MPa. 
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LITHIUM TRANSTION METAL-BASED 
COMPOUND POWDER FOR POSITIVE 
ELECTRODE MATERAL IN LITHIUM 

RECHARGEABLE BATTERY, METHOD FOR 
MANUFACTURING THE POWDER, SPRAY 

DRIED PRODUCT OF THE POWDER, FIRING 
PRECURSOR OF THE POWDER, AND 
POSITIVE ELECTRODE FOR LITHIUM 

RECHARGEABLE BATTERY AND LITHIUM 
RECHARGEABLE BATTERY USING THE 

POWDER 

FIELD OF THE INVENTION 

0001. The present invention relates to a powder of a 
lithium transition-metal compound for a positive-electrode 
material in a lithium secondary battery, a method for produc 
ing the powder. The present invention also relates to a spray 
dried product, a firing precursor, a positive electrode includ 
ing the powder of the lithium transition-metal compound, the 
positive electrode being used for a lithium secondary battery, 
and a lithium secondary battery including the positive elec 
trode for a lithium secondary battery. 

BACKGROUND OF THE INVENTION 

0002 Lithium secondary batteries have excellent energy 
density, power density, etc. and contribute to a reduction in 
size and weight of a device. Thus, demands for lithium sec 
ondary batteries as power supplies for portable devices, such 
as notebook personal computers, portable phones, and hand 
held video cameras, have been rapidly increasing. Lithium 
secondary batteries have been receiving attention as power 
Supplies for electric vehicles, electric-load leveling, etc. In 
recent years, demands for lithium secondary batteries as 
power supplies for hybrid electric vehicles have been rapidly 
increasing. In particular, lithium secondary batteries for elec 
tric vehicles need to be inexpensive, very safe, and have 
excellent load characteristics and lifetime (in particular, at 
higher temperatures). Thus, the improvement of materials for 
use in lithium secondary batteries is required. 
0003. Usable examples of positive-electrode active mate 

rials among materials constituting lithium secondary batter 
ies include materials capable of intercalating and deinterca 
lating lithium ions. There are various positive-electrode 
active materials that have various characteristics. To improve 
performance, improvement of load characteristics is a com 
mon issue. Improvement of materials for use in lithium sec 
ondary batteries has been strongly required. 
0004 Furthermore, it is desirable to provide materials 
having a good performance balance, i.e., materials that are 
inexpensive, very safe, and having excellent load character 
istics and lifetime (in particular, at higher temperatures). 
0005. Currently, Examples of positive-electrode active 
materials, practically used, for lithium secondary batteries 
include lithium-manganese composite oxides having a spinel 
structure, layered lithium-nickel composite oxides, and lay 
ered lithium-cobalt composite oxides. Lithium secondary 
batteries including these lithium-containing composite 
oxides have advantages and disadvantages in properties. That 
is, lithium-manganese composite oxides having a spinel 
structure are inexpensive and relatively easy to synthesize and 
afford batteries that are very safe, whereas they have low 
capacities and poor high-temperature characteristics (cycle 
and storage). Layered lithium-nickel composite oxides have 
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high capacities and excellent high-temperature characteris 
tics, whereas they disadvantageously have difficulty in Syn 
thesis, afford batteries that are not insufficiently safe, and 
need to be carefully stored. Layered lithium-cobalt composite 
oxides are easily synthesized and afford batteries having good 
performance balance and thus are widely used as power Sup 
plies for portable devices. However, layered lithium-cobalt 
composite oxides have serious disadvantages in that they 
afford batteries that are insufficiently safe and have high 
COStS. 

0006 Under these circumstances, a lithium-nickel-man 
ganese-cobalt composite oxide having a layered structure has 
been developed as a potential active material that eliminates 
or minimizes the disadvantages of those positive-electrode 
active materials and affords a battery having an excellent 
performance balance. The lithium-nickel-manganese-cobalt 
composite oxide is a potential positive-electrode active mate 
rial that can satisfy demands for cost reduction, a higher 
Voltage, and a higher level of safety nowadays. 
0007. The reduction in cost, the increase in voltage, and 
the level of safety varies depending on the composition. Thus, 
to satisfy demands for further cost reduction, a further higher 
upper limit of voltage, and further higher level of safety, it is 
necessary to use a lithium-nickel-manganese-cobalt compos 
ite oxide having a composition in a limited range, for 
example, an atomic ratio of manganese to nickel of 1 or more 
or a reduction in cobalt content. However, a lithium second 
ary battery including a layered lithium-nickel-manganese 
cobalt composite oxide, having a composition in such a range, 
as a positive-electrode material has reduced load characteris 
tics, such as rate and output characteristics. Thus, the layered 
lithium-nickel-manganese-cobalt composite oxide needs to 
be further improved for practical use. 
0008 Patent Documents 1 to 3 and Non-Patent Docu 
ments 1 to 24 disclose lithium-nickel-manganese-cobalt 
composite oxides each having a composition in which an 
atomic ratio of manganese to nickel is 1 or more and a cobalt 
content is equal to or less than a value specified by the present 
invention. 

0009. However, none of Patent Documents 1 to 3 and 
Non-Patent Documents 1 to 24 describe the porosity control 
ofactive-material particles specified by the present invention. 
The documents do not satisfy requirements in the present 
invention for improving battery performance. Thus, it is 
extremely difficult to achieve improvement in battery perfor 
mance described in the present invention by simply employ 
ing techniques described in above documents. 
0010 Patent Document 4 discloses that porous particles 
composed of a lithium composite oxide mainly containing 
lithium and at least one element selected from the group 
consisting of Co, Ni, and Mn are used as a positive-electrode 
active material for a nonaqueous secondary battery, the 
porous particles having an average pore size of 0.1 to 1 um 
determined by pore-size distribution measurement using 
mercury intrusion porosimetry, and the total Volume of the 
pores having pore sizes of 0.01 to 1 um being 0.01 cm/g or 
more. The document also discloses that the use of the particles 
enhances load characteristics of a battery including the par 
ticles without impairing filling performance of the positive 
electrode active material into a positive electrode. 
0011 Although the lithium composite oxide particles 
described in Patent Document 4 have improved coatability, 
disadvantageously, load characteristics remain insufficient. 
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0012 Patent Document 5 discloses lithium composite 
oxide particles that satisfy requirements described below and 
that can be used as a suitable positive-electrode material of a 
lithium secondary battery because the use of the particles as 
those of a positive electrode material of a lithium secondary 
battery results in the lithium secondary battery having 
improved low-temperature load characteristics and because 
the particles have excellent coatability during positive elec 
trode production, in which in the measurement of the particles 
by mercury intrusion porosimetry, a mercury intrusion Vol 
ume under a specific high-pressure load is a predetermined 
upper limit or less and either the mercury intrusion Volume is 
a predetermined lower limit or more or the average pore 
radius is within a predetermined range and the pore-size 
distribution curve has a Sub-peak with a peak top that is 
present in a specific pore-radius range in addition to a main 
peak. 
0013 Although the lithium composite oxide particles dis 
closed in Patent Document 5 serve to improve the character 
istics for a composition in which the cobalt content is rela 
tively high, disadvantageously, load characteristics remain 
insufficient in a composition range specified by the present 
invention. 

0014 Patent Documents 6 to 30 and Non-Patent Docu 
ments 25 to 57 disclose lithium-nickel-manganese-cobalt 
composite oxides each having a composition in which the 
atomic ratio of manganese to nickel is about 1 and the cobalt 
content is equal to or less than a value specified by the present 
invention. 

00.15 Patent Document 6 discloses a single-phase 
cathodic material represented by the formula Li Li,CoA 
A-IO (wherein A represents Mn-Ni: X represents a 
numerical value ranging from 0.00 to 0.16; y represents a 
numerical value ranging from 0.1 to 0.30; Z represents a 
numerical value ranging from 0.40 to 0.65; and Li is included 
in transition metal layers of the structure). It is described that 
a doped cobalt content exceeding about 10% of the total 
amount of the transition metals results in a cathodic material 
having excellent electrochemical properties. Disadvanta 
geously, a cathodic material having a doped cobalt content of 
less than the specified proportion does not have excellent 
electrochemical properties. With respect to details for the 
composition range specified by Patent Document 1, the lower 
limit of the molar proportion (y) of cobalt is 0.1 regardless of 
the amount (x) of lithium in the transition metal layers. In the 
case of a composition range specified by the present invention 
(compositional formula (1)), when the amount (Z/(2+Z)) of 
lithium in the transition metal layers exceeds 0, the molar 
proportion of cobalt is less than 10%. By definition, the 
single-phase cathodic material does not satisfy the composi 
tion range of the present invention. 
0016 None of Patent Documents 7 to 30 and Non-Patent 
Documents 25 to 57 describe a specific half-width of an active 
material crystal in a composition range specified by the 
present invention. Also, none of the documents describe the 
presence or absence of a peak from a heterophase, the peak 
being observed on the higher-angle side of the peak top of a 
specific diffraction peak. Furthermore, none of the docu 
ments describe the porosity control of particles, which is a 
preferred requirement. That is, the documents do not satisfy 
requirements in the present invention for improving battery 
performance. Thus, it is extremely difficult to achieve the 
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improvement in battery performance described in the present 
invention by simply employing techniques described in 
above documents. 

0017 Patent Document 31 discloses that a positive-elec 
trode active material containing a composite oxide repre 
sented by the composite formula Li,Mnos Nios M.O. 
(wherein 0<a<1.3; -0.1 sx-ys0.1; and M is an element 
except Li, Mn, and Ni) has a total pore volume of 0.001 mL/g 
to 0.006 mL/g; and in a diffraction pattern of the material 
obtained by powder X-ray diffraction using CuKO. radiation, 
the ratio of the relative intensity of the diffraction peak at a 20 
of 18.6+1 to the relative intensity of the diffraction peak at a 
20 of 44.1+1 is in the range of 0.65 to 1.05, the diffraction 
peak at a 20 of 18.6+1 has a half-width of 0.05° to 0.20°, and 
the diffraction peak at a 20 of 44.1+1 has a half-width of 
0.10° to 0.20°, whereby a high energy density and excellent 
charge-discharge cycle performance are achieved. That is, 
Patent Document 31 describes a specific half-width of an 
active material crystal in a composition range specified by the 
present invention. Patent Document 31 also describes the 
porosity control of particles, which is a preferred require 
ment. 

0018. Neither Patent Documents 32 nor 33 describes a 
specific half-width of an active material crystal in a compo 
sition range specified by the present invention or the presence 
or absence of a peak from a heterophase, the peak being 
observed on the higher-angle side of the peak top of a specific 
diffraction peak. The above documents, however, describe 
the porosity control of particles, which is a preferred require 
ment. Patent Document 27 discloses that a positive-electrode 
active material for a lithium secondary battery contains a 
Li Min Nicomposite oxide constituted by at least lithium, 
manganese, and nickel, in which the Li-Min Nicomposite 
oxide has a total pore volume of 0.0015 mL/g or more, 
whereby a high discharge capacity and excellent cycle per 
formance are achieved. 

0019 Patent Document 31 does not describe the half 
width of the (110) diffraction peak that is useful to determine 
whether or not a Li Min Nicomposite oxide with a Ni/Mn 
atomic ratio of 1/1 has higher performance. Furthermore, the 
total pore Volume is significantly Smaller than a value speci 
fied by the present invention; hence, disadvantageously, load 
characteristics remain insufficient. The Li-Min Ni com 
posite oxide described in Patent Document 27 has a pore 
volume larger than that in Patent Document 31. In any 
example, the total pore Volume is significantly Smaller than 
the value specified by the present invention; hence, disadvan 
tageously, load characteristics remain insufficient. 
0020 Patent Document 33 discloses lithium composite 
oxide particles that satisfy requirements described below and 
that can be used as a suitable positive-electrode material of a 
lithium secondary battery because the use of the particles as 
those of a positive electrode material of a lithium secondary 
battery results in the lithium secondary battery having 
improved low-temperature load characteristics and because 
the particles have excellent coatability during positive elec 
trode production, in which in the measurement of the particles 
by mercury intrusion porosimetry, a mercury intrusion Vol 
ume under a specific high-pressure load is a predetermined 
upper limit or less and either the mercury intrusion Volume is 
a predetermined lower limit or more or the average pore 
radius is within a predetermined range and the pore-size 
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distribution curve has a Sub-peak with a peak top that is 
present in a specific pore-radius range in addition to a main 
peak. 
0021 Although the lithium composite oxide particles dis 
closed in Patent Document 33 serve to improve the charac 
teristics at a composition in which the cobalt content is rela 
tively high, disadvantageously, load characteristics remain 
insufficient in a composition range specified by the present 
invention. 
0022. Patent Documents 34 to 65 and Non-Patent Docu 
ments 58 to 130 disclose lithium-nickel-manganese-cobalt 
composite oxides each having a composition in which the 
Mn/Ni atomic ratio and the cobalt content correspond to 
values specified by the present invention. 
0023 None of Patent Documents 34 to 65 and Non-Patent 
Documents 58 to 130 describe an additive that inhibits growth 
and sintering of active material grains during firing in a com 
position range specified by the present invention. That is, the 
documents do not satisfy requirements in the present inven 
tion for improving battery performance. Thus, it is extremely 
difficult to achieve improvement in battery performance 
described in the present invention by simply employing tech 
niques described in the above documents. 
0024. No document describes “the inhibition of growth 
and sintering of active material grains during firing 
described in the present invention. Patent Documents 66 to 74 
and Non-Patent Document 131, which are known documents, 
each disclose that a lithium-nickel-manganese-cobalt com 
posite oxide is mixed or replaced with, for example, a com 
pound containing W. Mo, Nb, Ta, and/or Re in order to 
improve the positive-electrode active material. 
0025 Patent Documents 66 and 67 each disclose a layered 
lithium-nickel composite oxide containing W. Mo, Ta, and/or 
Nb as a substituent element that occupies the transition metal 
site to improve thermal stability in a charged state. However, 
the composite oxides disclosed in the documents mainly con 
tain Li and Ni. Thus, an active material having well-balanced 
battery characteristics cannot be provided. 
0026 Patent Document 68 discloses that a lithium-nickel 
manganese-cobalt-niobium composite oxide is used. How 
ever, the molar proportion of Mn in the transition metal sites 
is as low as 0.1 or less. Thus, disadvantageously, an active 
material having well-balanced battery characteristics cannot 
be provided. 
0027 Patent Document 69 discloses that lithium-nickel 
manganese-cobalt composite oxide containing W and/or Mo 
is used, whereby a battery including the oxide is inexpensive 
and has a high capacity and excellent thermal stability in a 
charged state compared with those of a battery including 
LiCoO. However, the crystals do not sufficiently develop 
because the Mn/Ni molar ratio is as low as 0.6 and the firing 
temperature is as low as 920° C. to 950° C. in examples. 
Furthermore, an excessive amount of the addition metal ele 
ment (W and/or Mo) is contained. Thus, disadvantageously, 
an active material having well-balanced battery characteris 
tics cannot be provided. 
0028 Patent Document 70 discloses a layered lithium 
nickel-manganese-cobalt composite oxide containing Ta and/ 
or Nb as a substituent element that occupies the transition 
metal site. The document describes that the use of the oxide 
affords a battery that can operate in a wide Voltage range, has 
satisfactory charge/discharge cycle durability and a high 
capacity, and is very safe. However, the crystals do not suffi 
ciently develop because the firing temperature is as low as 
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900° C. in examples. Thus, disadvantageously, an active 
material having well-balanced battery characteristics cannot 
be provided. 
0029 Patent Document 71 discloses a lithium-nickel 
manganese-cobalt composite oxide containing W as a Sub 
stituent that occupies the transition metal site. However, in the 
transition metal sites, the molar proportion of Mn is 0.01, 
which is significantly low, and the molar proportion of Ni is 
0.8, which is significantly high. Thus, disadvantageously, an 
active material having well-balanced battery characteristics 
cannot be provided. 
0030 Patent Document 72 discloses that a lithium-man 
ganese-nickel composite oxide having a monoclinic structure 
and containing Nb, Mo, and/or Was a substituent that occu 
pies the transition metal site is used as a positive-electrode 
active material. The document describes that the use of the 
oxide affords a lithium secondary battery having a high 
energy density and high reliability at a high Voltage. 
0031 However, the crystals do not sufficiently develop 
because the firing temperature is as low as 950° C. in 
examples. Furthermore, the molar proportion of the element 
(s) is 5 mol %, which is excessively high. Thus, disadvanta 
geously, an active material having well-balanced battery 
characteristics cannot be provided. 
0032. Patent Document 73 discloses that layered lithium 
transition metal oxide particles include a compound contain 
ing molybdenum and/or tungsten on at least a surface of each 
of the particles. The document describes that the use of the 
particles results in excellent battery characteristics even in a 
more severe environment. However, the crystals do not suf 
ficiently develop because the Co/(Ni--Co+Mn) molar ratio is 
0.33 which is excessively high and the firing temperature is as 
low as 900° C. in examples. Thus, disadvantageously, an 
active material having well-balanced battery characteristics 
cannot be provided. 
0033 Patent Document 74 discloses that a layered 
lithium-nickel-manganese-cobalt-molybdenum composite 
oxide is used. However, the Co/(Ni--Mn+Co) molar ratio is 
0.34 which means there is a high Co proportion. Thus, disad 
Vantageously, an active material having well-balanced battery 
characteristics cannot be provided. 
0034. Non-Patent Document 131 discloses a layered 
LiNiMn/MoO composite oxide. Disadvantageously, 
an active material having well-balanced battery characteris 
tics cannot be provided because of an excessively high Mo 
COntent. 

0035 Patent Document 1 Japanese Unexamined Patent 
Application Publication No. 2004-6267 
0036 Patent Document 2 U.S. Pat. No. 6,680,143 B2 
0037 Patent Document 3 Japanese Patent No. 3571671 
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0043. Patent Document 8 Japanese Unexamined Patent 
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SUMMARY OF THE INVENTION 

0241. It is an object of the present invention to provide a 
powder of a lithium transition-metal compound for a positive 
electrode material in a lithium secondary battery, in which the 
use of the powder as that of a positive-electrode material for 
a lithium secondary battery results in improvement of load 
characteristics, such as rate and output characteristics, and 
preferably also results in a reduction in cost, resistance to a 
higher Voltage, and a higher level of safety, and to provide a 
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method for producing the powder. It is another object of the 
present invention to provide a positive electrode including the 
powder of a lithium transition-metal compound for a lithium 
secondary battery, and a lithium secondary battery including 
the positive electrode for a lithium secondary battery. 
0242 To overcome the foregoing problems, the inventors 
have conducted intensive studies and have found that a pow 
der of a lithium transition-metal compound is controlled in 
Such a manner that the amount of mercury intruded is in the 
range described above at an increased pressure and in Such a 
manner that peaks of the resulting pore-size distribution curve 
have a feature described above when the powder is subjected 
to mercury intrusion, thereby providing the powder of the 
lithium transition-metal compound for a positive-electrode 
material in a lithium secondary battery, the powder being 
capable of achieving a good balance among reduced cost, 
resistance to a higher Voltage, a higher level of safety, and 
improved load characteristics such as rate and output charac 
teristics. These findings have led to the completion of the 
present invention. Furthermore, the inventors have conducted 
intensive studies in order to overcome the foregoing problems 
and have found that the use of a powder of a lithium-nickel 
manganese-cobalt composite oxide, as that of a positive 
electrode material in a lithium secondary battery, having a 
controlled half-width of a specific diffraction peak measured 
by powder X-ray diffraction and having a composition con 
trolled within a specific range results in a good balance among 
reduced cost, resistance to a higher Voltage, a higher level of 
safety, and improved load characteristics such as rate and 
output characteristics. These findings have led to the comple 
tion of the present invention. 
0243 To improve the load characteristics such as rate and 
output characteristics, the inventors have considered it impor 
tant that a fine powder having a sufficiently high degree of 
crystallinity is obtained in a step of firing an active material 
while grain growth and sintering are inhibited. The inventors 
have conducted intensive studies and have found that firing of 
a powder of a lithium transition-metal compound, in particu 
lar, a layered lithium-nickel-manganese-cobalt composite 
oxide, after a compound that inhibits grain growth during 
firing is added to a main component, results in the powder of 
the lithium transition-metal compound that is capable of 
achieving a good balance among reduced cost, resistance to a 
higher Voltage, a higher level of safety, and improved load 
characteristics such as rate and output characteristics. These 
findings have led to the completion of the present invention. 
0244. The scope of the present invention is described 
below. 
1. A powder of a lithium transition-metal compound for a 
positive-electrode material in a lithium secondary battery is 
characterized in that, in a mercury intrusion curve obtained by 
mercury intrusion porosimetry, the amount of mercury 
intruded is in the range of 0.8 cm/g to 3 cm/g when the 
pressure is increased from 3.86 kPa to 413 MPa. 
2. The powder of the lithium transition-metal compound 
describe in item 1 is characterized in that a pore-size distri 
bution curve obtained by mercury intrusion porosimetry has a 
main peak with a peak top that is present at a pore radius of 
300 nm to 1,000 nm and does not have a sub-peak with a peak 
top that is present at a pore radius greater than or equal to 80 
nm and less than 300 nm. 
3. The powder of the lithium transition-metal compound 
described in item 1 or 2 is characterized in that, in a pore-size 
distribution curve obtained by mercury intrusion porosim 
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etry, a main peak with a peak top that is presentata pore radius 
of 300 nm to 1,000 nm has a pore volume of 0.5 cm/g to 1.5 
cm/g. 
4. The powder of the lithium transition-metal compound 
described in any one of items 1 to 3 is characterized in that the 
median diameter is in the range of 0.6 um to 5 um and is 
determined from volume-based particle diameters measured 
with a laser diffraction/scattering particle size distribution 
analyzer using the refractive index set at 1.24, and the mea 
Surement is made after a five-minute ultrasonic dispersion 
(power: 30 W, frequency: 22.5 kHz). 
5. The powder of the lithium transition-metal compound 
described in any one of items 1 to 4 is characterized in that the 
powder is composed of a lithium-nickel-manganese-cobalt 
composite oxide of the composition formula (I) 

LiLi-o- (LiNi(1-3).2Mn(12) 1-Co.2 cepiposition formula (I) 
wherein Osxs0.33, Osys0.2, and -0.02szs0.2(1-y)(1- 
3x). 
6. The powder of the lithium transition-metal compound 
described in any one of items 1 to 5 is characterized in that the 
bulk density is in the range of 0.5 to 1.5 g/cm. 
7. The powder of the lithium transition-metal compound 
described in any one of items 1 to 6 is characterized in that the 
BET specific surface area is in the range of 1.5 to 5 m/g. 
8. The powder of the lithium transition-metal compound 
described in any one of items 1 to 7 is characterized in that the 
carbon content C (% by weight) is in the range of 0.005% by 
weight to 0.2% by weight. 
9. A method for producing the powder of the lithium transi 
tion-metal compound described in any one of items 1 to 8 
includes pulverizing a lithium compound and at least one 
transition-metal compound in a liquid medium to form a 
slurry, spray-drying the slurry containing these compounds 
uniformly dispersed to form a spray-dried product, and firing 
the spray-dried product in an oxygen-containing gas atmo 
sphere. 
10. The method described in item 9 is characterized in that the 
spray-dried product is mixed with at least one compound that 
forms pores in secondary particles of the spray-dried product 
to form a firing precursor. 
11. The method described in item 10 is characterized in that 
the at least one compound that forms the pores is a compound 
that generates one or more decomposition gases or Sublimes 
during firing to form pores in the secondary particles. 
12. The method described in item 11 is characterized in that 
one of the decomposition gases is carbon dioxide gas (CO). 
13. The method described in items 9 to 12 is characterized in 
that the lithium compound is lithium carbonate. 
14. A spray-dried product includes a lithium transition-metal 
compound, the spray-dried product being prepared by pull 
Verizing a lithium compound and at least one transition-metal 
compound in a liquid medium to form a slurry and spray 
drying the slurry containing these compounds uniformly dis 
persed, in which the median diameter of the spray-dried prod 
uct is in the range of 0.01 um to 4 um and is determined from 
volume-based particle diameters measured with a laser dif 
fraction/scattering particle size distribution analyzer using 
the refractive index set at 1.24, and the measurement is made 
after a five-minute ultrasonic dispersion (power: 30 W, fre 
quency: 22.5 kHz). 
15. The spray-dried product described in item 14 is charac 
terized in that the BET specific surface area is in the range of 
10 to 70 m/g. 
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16. A firing precursor includes the spray-dried product 
described in item 14 or 15 and at least one compound that 
forms pores in secondary particles. 
17. A positive electrode for a lithium secondary battery 
includes a positive-electrode active-material layer on a cur 
rent collector, the layer including the powder of the lithium 
transition-metal compound described in any one of items 1 to 
8 and a binder. 
18. A lithium secondary battery includes a negative electrode 
capable of intercalating and deintercalating lithium, a non 
aqueous electrolyte containing a lithium salt, and a positive 
electrode capable of intercalating and deintercalating lithium, 
in which the positive electrode is the positive electrode for a 
lithium secondary battery described in item 17. 
19. In a powder of a lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery, the composite oxide is represented by the 
composition formula (I): 

where 0sx's 0.1, -0.1 sy's 0.1, and (1-x)(0.05-0.98y') 
sz's (1-x)(0.15-0.88y'), in which the composite oxide has a 
crystal structure assigned to a layered structure, and wherein 
in powder X-ray diffraction measurement using CuKO. radia 
tion, 0.01sFWHM (110).s0.2, where FWHM (110) repre 
sents the half-width of the (110) diffraction peak observed at 
a diffraction angle 20 of about 64.5°. 
20. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in item 19 is characterized in that 
in the composition formula (I), 0.04sx's0.099, 
-0.03sy's 0.03, and (1-x)(0.08–0.98y')sz's (1-x)(0.13– 
0.88y'). 
21. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in item 19 or 20 is characterized 
in that in powder X-ray diffraction measurement using CuKO. 
radiation, no diffraction peak from a heterophase is observed 
on the higher-angle side of the peak top of each of the (018) 
diffraction peak at a diffraction angle 20 of about 64°, the 
(110) diffraction peak at a diffraction angle 20 of about 64.5°. 
and the (113) diffraction peak at a diffraction angle 20 of 
about 68°, or in the case where a diffraction peak from a 
heterophase is observed, the ratio of the integrated intensity 
of the diffraction peak from the heterophase to the integrated 
intensity of a corresponding one of the diffraction peaks from 
a target crystal phase is within ranges described below: 

Osios/loss0.20, 

Oslo/I11os0.25, and 

Os13/13 s.0.30, 

where Ios represents the integrated intensity of the (018) 
diffraction peak, Io represents the integrated intensity of the 
(110) diffraction peak, I represents the integrated intensity 
of the (113) diffraction peak, Ios represents the integrated 
intensity of the diffraction peak from the heterophase 
observed on the higher-angle side of the peak top of the (018) 
diffraction peak, Io represents the integrated intensity of 
the diffraction peak from the heterophase observed on the 
higher-angle side of the peak top of the (110) diffraction peak, 
and I represents the integrated intensity of the diffraction 
peak from the heterophase observed on the higher-angle side 
of the peak top of the (113) diffraction peak. 
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22. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 21 is 
characterized in that in a mercury intrusion curve obtained by 
mercury intrusion porosimetry, the amount of mercury 
intruded is in the range of 0.7 cm/g to 1.5 cm/g when the 
pressure is increased from 3.86 kPa to 413 MPa. 
23. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 22 is 
characterized in that a pore-size distribution curve obtained 
by mercury intrusion porosimetry has a main peak with a peak 
top that is present at a pore radius of 300 nm to 1,000 nm and 
does not have a sub-peak with a peak top that is present at a 
pore radius greater than or equal to 80 nm and less than 300 

. 

24. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 23 is 
characterized in that in a pore-size distribution curve obtained 
by mercury intrusion porosimetry, a main peak with a peak 
top that is present at a pore radius of 300 nm to 1,000 nm has 
a pore volume of 0.3 cm/g to 1.0 cm/g. 
25. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 24 is 
characterized in that the median diameter is in the range of 1 
um to 5 Lim and that the median diameter is determined from 
volume-based particle diameters measured with a laser dif 
fraction/scattering particle size distribution analyzer using 
the refractive index set at 1.24, and the measurement is made 
after a five-minute ultrasonic dispersion (power: 30 W, fre 
quency: 22.5 kHz). 
26. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 25 is 
characterized in that the bulk density is in the range of 0.5 to 
1.7 g/cm. 
27. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 26 is 
characterized in that the BET specific surface area is in the 
range of 1.4 to 3 m/g. 
28. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 27 is 
characterized in that the carbon content C (% by weight) is in 
the range of 0.005% by weight to 0.05% by weight. 
29. The powder of the lithium-nickel-manganese-cobalt com 
posite oxide for a positive-electrode material in a lithium 
secondary battery described in any one of items 19 to 28 is 
characterized in that the volume resistivity of the powder that 
is compacted at a pressure of 40 MPa is in the range of 1x10 
S2 cm to 1x10° S.2-cm. 
30. A method for producing the powder of the lithium-nickel 
manganese-cobalt composite oxide for a positive-electrode 
material in a lithium secondary battery described in any one 
of items 19 to 29 includes a slurry preparation step of pulver 
izing a lithium compound, a nickel compound, a manganese 
compound, and a cobalt compound in a liquid medium to 
form a slurry containing these compounds uniformly dis 
persed, a spray-drying step of spray-drying the resulting 
slurry to form a spray-dried product, and a firing step of firing 
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the spray-dried product in an oxygen-containing gas atmo 
sphere at a temperature T (C.) of 940°C.sTs 1200° C. 
31. The method described in item 30 for producing the pow 
der of the lithium-nickel-manganese-cobalt composite oxide 
for a positive-electrode material in a lithium secondary bat 
tery is characterized in that the lithium compound is lithium 
carbonate. 
32. The method described in item 30 or 31 for producing the 
powder of the lithium-nickel-manganese-cobalt composite 
oxide for a positive-electrode material in a lithium secondary 
battery is characterized in that in the slurry preparation step, 
the lithium compound, the nickel compound, the manganese 
compound, and the cobalt compound are pulverized in the 
liquid medium in Sucha manner that the median diameteris in 
the range of 0.3 um or less and is determined from volume 
based particle diameters measured with a laser diffraction/ 
scattering particle size distribution analyzer using the refrac 
tive index set at 1.24, and the measurement is made after a 
five-minute ultrasonic dispersion (power: 30 W, frequency: 
22.5 kHz), and in which in the spray-drying step, spray drying 
is performed under the conditions of 50 cps Vs 4,000 cp and 
1,500sG/Ss5,000, where V represents the viscosity (cp) of 
the slurry during the spray drying, (L/min) represents the 
amount of slurry fed, and G represents the amount of gas fed 
(L/min). 
33. A spray-dried powder of a lithium-nickel-manganese 
cobalt composite oxide prepared by pulverizing a lithium 
compound, a nickel compound, a manganese compound, and 
a cobalt compound in a liquid medium to form a slurry con 
taining these compounds uniformly dispersed and spray-dry 
ing the resulting slurry, and the spray-dried powder serving as 
a precursor for a powder of a lithium-nickel-manganese-co 
balt composite oxide for a positive-electrode material in a 
lithium secondary battery is characterized in that the median 
diameter of the spray-dried powder is in the range of 0.01 um 
to 4 um and is determined from Volume-based particle diam 
eters measured with a laser diffraction/scattering particle size 
distribution analyzer using the refractive index set at 1.24, and 
the measurement is made after a five-minute ultrasonic dis 
persion (power: 30 W, frequency: 22.5 kHz). 
34. The spray-dried powder described in item 33 is charac 
terized in that the BET specific surface area is in the range of 
10 to 100 m/g. 
35. A positive electrode for a lithium secondary battery 
includes a positive-electrode active-material layer on a cur 
rent collector, the layer including the powder of the lithium 
nickel-manganese-cobalt composite oxide for a positive 
electrode material in a lithium secondary battery described in 
any one of items 19 to 29 and a binder. 
36. A lithium secondary battery includes a negative electrode 
capable of intercalating and deintercalating lithium, a non 
aqueous electrolyte containing a lithium salt, and a positive 
electrode capable of intercalating and deintercalating lithium, 
in which the positive electrode is the positive electrode for a 
lithium secondary battery according to claim 35. 
37. The lithium secondary battery described in item 36 is 
characterized in that the battery is designed in Such a manner 
that the charging potential of the positive electrode is 4.35 V 
or more (vs. Li/Li+) in a fully charged State. 
38. A powder of a lithium transition-metal compound for a 
positive-electrode material in a lithium secondary battery, 
includes a lithium transition-metal compound, as a main com 
ponent, capable of intercalating and deintercalating lithium 
ions, in which the powder is prepared by incorporating at least 
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one additive that inhibits grain growth and sintering during 
firing in the main component in an amount greater than or 
equal to 0.01 mol% and less than 2 mol % with respect to the 
total molar amount of the transition-metal elements in the 
main component and then performing firing. 
39. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in item 38 is characterized in that the additive is an 
oxide that contains at least one element (hereinafter, referred 
to as an “additive element”) selected from Mo, W. Nb, Ta, and 
Re. 

40. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in item 38 or 39 is characterized in that the atomic 
ratio of the total amount of the additive element to the total 
amount of metal elements except Li and the additive element 
on Surfaces of primary particles is five or more times the 
atomic ratio of the total amount of the additive element to the 
total amount of the metal elements except Li and the additive 
element in the entire particles. 
41. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 40 is characterized in that 
the median diameter is in the range from 0.1 um to 3 um and 
is determined from Volume-based particle diameters mea 
sured with a laser diffraction/scattering particle size distribu 
tion analyzer using the refractive index set at 1.24, and the 
measurement is made after a five-minute ultrasonic disper 
sion (power: 30W, frequency: 22.5 kHz). 
42. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 41 is characterized in that 
the primary particles have an average diameter of 0.1 um to 
0.9 um. 
43. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 42 is characterized in that 
the BET specific surface area is in the range of 1.5 m/g to 5 
m?g. 
44. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 43 is characterized in that 
in a mercury intrusion curve obtained by mercury intrusion 
porosimetry, the amount of mercury intruded is in the range of 
0.7 cm/g to 1.5 cm/g when the pressure is increased from 
3.86 kPa to 413 MPa. 

45. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 44 is characterized in that 
a pore-size distribution curve obtained by mercury intrusion 
porosimetry has at least one main peak with a peak top that is 
present at a pore radius of 300 nm to 1,000 nm and does not 
have a sub-peak with a peak top that is presentata pore radius 
greater than or equal to 80 nm and less than 300 nm. 
46. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 45 is characterized in that 
in a pore-size distribution curve obtained by mercury intru 
sion porosimetry, a peak with a peak top that is present at a 
pore radius of 300 nm to 1,000 nm has a pore volume of 0.4 
cm/g to 1 cm/g. 
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47. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
according to any one of claims 38 to 46 is characterized in that 
the bulk density is in the range of 0.5 g/cm to 1.7 g/cm. 
48. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 47 is characterized in that 
the volume resistivity of the powder that is compacted at a 
pressure of 40 MPa is in the range of 1x10 S2 cm to 1x10 
G2cm. 

49. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 38 to 48 is characterized in that 
the powder mainly comprises a lithium-nickel-manganese 
cobalt composite oxide having a crystal structure assigned to 
a layered structure. 
50. In the powder of the lithium transition-metal compound 
for a positive-electrode material in a lithium secondary bat 
tery according to claim 49, the compound is represented by 
the composition formula (I"): 

LiMO (I") 

where M represents Li, Ni, and Mn, or M represents Li, Ni, 
Mn, and Co, the Mn/Ni molar ratio is in the range of 0.8 to 5, 
the Co/(Mn+Ni+Co) molar ratio is in the range of 0 to 0.30, 
and the ratio of Li to M is in the range of 0.001 to 0.2. 
51. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in item 49 or 50 is characterized in that the powder 
is prepared by firing at 970° C. or higher in an oxygen 
containing gas atmosphere. 
52. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 49 to 51 is characterized in that 
the carbon content C (% by weight) is in the range of 0.005% 
by weight to 0.05% by weight. 
53. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in any one of items 50 to 52 is characterized in that 
M in the composition formula (I") is represented by the for 
mula (II): 

M-Li (22) (Niyy2Mn(1-y2)1-Co.2(2-) (II) 

where 0sx"s0.1, -0.1 sy"s0.1, and (1-x")(0.05-0.98y") 
sz"s(1-x")(0.20-0.88y"). 
55. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in item 53 is characterized in that in powder X-ray 
diffraction measurement using CuKO. radiation, 
0.01sFWHM (110).s0.2, where FWHM (110) represents 
the half-width of the (110) diffraction peak observed at a 
diffraction angle 20 of about 64.5°. 
55. The powder of the lithium transition-metal compound for 
a positive-electrode material in a lithium secondary battery 
described in item or 54 is characterized in that in powder 
X-ray diffraction measurement using CuKO. radiation, no 
diffraction peak from a heterophase is observed on the higher 
angle side of the peak top of each of the (018) diffraction peak 
at a diffraction angle 20 of about 64°, the (110) diffraction 
peak at a diffraction angle 20 of about 64.5°, and the (113) 
diffraction peakata diffraction angle 20 of about 68°, or in the 
case where a diffraction peak from a heterophase is observed, 
the ratio of the integrated intensity of the diffraction peak 
from the heterophase to the integrated intensity of a corre 
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sponding one of the diffraction peaks from a target crystal 
phase is within ranges described below: 

Osios/loss0.20, 

Oslo/I11os0.25, and 

Os13/113s O.30, 

where Is represents the integrated intensity of the (018) 
diffraction peak, Io represents the integrated intensity of the 
(110) diffraction peak, I represents the integrated intensity 
of the (113) diffraction peak, Ios represents the integrated 
intensity of the diffraction peak from the heterophase 
observed on the higher-angle side of the peak top of the (018) 
diffraction peak, Io represents the integrated intensity of 
the diffraction peak from the heterophase observed on the 
higher-angle side of the peak top of the (110) diffraction peak, 
and I represents the integrated intensity of the diffraction 
peak from the heterophase observed on the higher-angle side 
of the peak top of the (113) diffraction peak. 
56. A method for producing the powder of the lithium tran 
sition-metal compound for a positive-electrode material in a 
lithium secondary battery described in any one of items 38 to 
55 includes a slurry preparation step of pulverizing a lithium 
compound, a compound of at least one transition metal 
selected from V, Cr, Mn, Fe, Co, Ni, and Cu, and an additive 
that inhibits grain growth and sintering during firing in an 
liquid medium to form a slurry containing these compounds 
uniformly dispersed, a spray-drying step of spray-drying the 
resulting slurry to form a spray-dried powder, and a firing step 
of firing the spray-dried powder. 
57. The method for producing the powder of the lithium 
transition-metal compound for a positive-electrode material 
in a lithium secondary battery described in item 56 is charac 
terized in that in the slurry preparation step, the lithium com 
pound, the transition-metal compound, and the additive are 
pulverized in the liquid medium in Such a manner that the 
median diameter is in the range of 0.4 um or less and is 
determined from volume-based particle diameters measured 
with a laser diffraction/scattering particle size distribution 
analyzer using the refractive index set at 1.24, and the mea 
Surement is made after a five-minute ultrasonic dispersion 
(power: 30 W, frequency: 22.5 kHz), and in which in the 
spray-drying step, spray drying is performed under the con 
ditions of 50 cpsVs 4,000 cp and 1,500sG/Ss5,000, where 
V represents the Viscosity (cp) of the slurry during the spray 
drying, S represents the amount of slurry fed (L/min), and G 
represents the amount of gas fed (L/min). 
58. The method for producing the powder of the lithium 
transition-metal compound for a positive-electrode material 
in a lithium secondary battery described in item 56 or 57 is 
characterized in that the spray-dried powder contains at least 
a nickel compound, a manganese compound, and a cobalt 
compound as the transition-metal compound and is fired at a 
temperature of 970° C. or higher in an oxygen-containing gas 
atmosphere in the firing step. 
59. The method for producing the powder of the lithium 
transition-metal compound for a positive-electrode material 
in a lithium secondary battery described in any one of items 
56 to 58 is characterized in that the lithium compound is 
lithium carbonate. 
60. A spray-dried product prepared by pulverizing a lithium 
compound, a compound of at least one transition metal 
selected from V, Cr, Mn, Fe, Co, Ni, and Cu, and an additive 
that inhibits grain growth and sintering during firing in an 
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liquid medium to form a slurry containing these compounds 
uniformly dispersed and spray-drying the resulting slurry, 
and the spray-dried product serving as a precursor for a pow 
der of a lithium transition-metal compound for a positive 
electrode material in a lithium secondary battery is charac 
terized in that the median diameter of the spray-dried product 
is in the range of 0.01 um to 4 um and is determined from 
volume-based particle diameters measured with a laser dif 
fraction/scattering particle size distribution analyzer using 
the refractive index set at 1.24, and the measurement is made 
after a five-minute ultrasonic dispersion (power: 30 W, fre 
quency: 22.5 kHz). 
61. The spray-dried product described in item 60 is charac 
terized in that the BET specific surface area is in the range of 
10 m/g to 100 m/g. 
62. A positive electrode for a lithium secondary battery 
includes a positive-electrode active-material layer on a cur 
rent collector, the layer including the powder of the lithium 
transition-metal compound for a positive-electrode material 
in a lithium secondary battery described in any one of items 
38 to 55 and a binder. 
63. A lithium secondary battery includes a negative electrode 
capable of intercalating and deintercalating lithium, a non 
aqueous electrolyte containing a lithium salt, and a positive 
electrode capable of intercalating and deintercalating lithium, 
in which the positive electrode is the positive electrode for a 
lithium secondary battery described in item 62. 
0245. When a lithium transition-metal compound for a 
positive-electrode material in a lithium secondary battery is 
used as a positive-electrode material in a lithium secondary 
battery, a good balance among a reduction in cost, a higher 
level of safety, and improvement of load characteristics is 
achieved. Thus, the present invention provides a lithium sec 
ondary battery that is inexpensive and very safe and has 
excellent performance even when a high charging Voltage is 
used. 

BRIEF DESCRIPTION OF DRAWINGS 

0246 FIG. 1 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in EXAMPLE 1. 
0247 FIG. 2 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in EXAMPLE 2. 
0248 FIG. 3 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in EXAMPLE 3. 
0249 FIG. 4 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in EXAMPLE 4. 
0250 FIG. 5 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 5. 
0251 FIG. 6 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in COMPARATIVE EXAMPLE 1. 
0252 FIG. 7 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in COMPARATIVE EXAMPLE 2. 
0253 FIG. 8 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in COMPARATIVE EXAMPLE 3. 
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0254 FIG. 9 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in COMPARATIVE EXAMPLE 4. 
0255 FIG. 10 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in COMPARATIVE EXAMPLE 5. 
(0256 FIG. 11 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
EXAMPLE 1. 
(0257 FIG. 12 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
EXAMPLE 2. 
(0258 FIG. 13 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
EXAMPLE 3. 
(0259 FIG. 14 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
EXAMPLE 4. 
0260 FIG. 15 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 5. 
0261 FIG. 16 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 1. 
0262 FIG. 17 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 2. 
0263 FIG. 18 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 3. 
0264 FIG. 19 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 4. 
0265 FIG. 20 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in COMPARATIVE EXAMPLE 5. 
0266 FIG. 21 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in EXAMPLE 1. 
0267 FIG.22 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in EXAMPLE 2. 
0268 FIG. 23 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in EXAMPLE 3. 
0269 FIG. 24 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in EXAMPLE 4. 
0270 FIG.25 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in EXAMPLE 5. 
0271 FIG. 26 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in COMPARATIVE 
EXAMPLE 1. 
0272 FIG. 27 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in COMPARATIVE 
EXAMPLE 2. 
0273 FIG. 28 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in COMPARATIVE 
EXAMPLE 3. 

0274 FIG. 29 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in COMPARATIVE 
EXAMPLE 4. 

(0275 FIG.30 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in COMPARATIVE 
EXAMPLE 5. 
0276 FIG. 31 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite oxide 
prepared in EXAMPLE 6. 
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0277 FIG. 32 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite oxide pre 
pared in EXAMPLE 7. 
0278 FIG.33 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite oxide 
prepared in COMPARATIVE EXAMPLE 6. 
(0279 FIG. 34 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 6. 
0280 FIG. 35 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
EXAMPLE 7. 
(0281 FIG. 36 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in COMPARATIVE EXAMPLE 6. 
0282 FIG. 37 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in EXAMPLE 6. 
0283 FIG.38 is an XRD pattern of a lithium-nickel-man 
ganese composite oxide prepared in EXAMPLE 7. 
0284 FIG. 39 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in COMPARATIVE 
EXAMPLE 6. 
0285 FIG. 40 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 8. 
0286 FIG. 41 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 9. 
(0287 FIG. 42 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 10. 
0288 FIG. 43 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 11. 
0289 FIG. 44 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in COMPARATIVE EXAMPLE 7. 
0290 FIG. 45 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in COMPARATIVE EXAMPLE 8. 
0291 FIG. 46 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese composite-oxide pow 
der prepared in COMPARATIVE EXAMPLE 9. 
0292 FIG. 47 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 8. 
0293 FIG. 48 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 9. 
0294 FIG. 49 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 10. 
0295 FIG.50 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 11. 
0296 FIG. 51 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in COMPARATIVE EXAMPLE 7. 
0297 FIG. 52 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 8. 
0298 FIG. 53 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 9. 
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0299 FIG. 54 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese-cobalt composite oxide prepared 
in EXAMPLE 8. 
(0300 FIG. 54 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese-cobalt composite oxide prepared 
in EXAMPLE 8. 
(0301 FIG.55 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese-cobalt composite oxide prepared 
in EXAMPLE 9. 
(0302 FIG. 56 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese-cobalt composite oxide prepared 
in EXAMPLE 10. 
(0303 FIG. 57 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese-cobalt composite oxide prepared 
in EXAMPLE 11. 
(0304 FIG. 58 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese-cobalt composite oxide prepared 
in COMPARATIVE EXAMPLE 7. 
(0305 FIG. 59 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 8. 
0306 FIG. 60 is a powder X-ray diffraction pattern of a 
lithium-nickel-manganese composite oxide prepared in 
COMPARATIVE EXAMPLE 9. 
0307 FIG. 61 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 12. 
0308 FIG. 62 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 13. 
0309 FIG. 63 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 14. 
0310 FIG. 64 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 15. 
0311 FIG. 65 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in EXAMPLE 16. 
0312 FIG. 66 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in COMPARATIVE EXAMPLE 10. 
0313 FIG. 67 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in COMPARATIVE EXAMPLE 11. 
0314 FIG. 68 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in COMPARATIVE EXAMPLE 12. 
0315 FIG. 69 is a graph showing a pore-size distribution 
curve of a lithium-nickel-manganese-cobalt composite-oxide 
powder prepared in COMPARATIVE EXAMPLE 13. 
0316 FIG. 70 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 12. 
0317 FIG. 71 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 13. 
0318 FIG.72 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 14. 
0319 FIG. 73 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 15. 
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0320 FIG. 74 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in EXAMPLE 16. 
0321 FIG. 75 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in COMPARATIVE EXAMPLE 10. 
0322 FIG. 76 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in COMPARATIVE EXAMPLE 11. 
0323 FIG. 77 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in COMPARATIVE EXAMPLE 12. 
0324 FIG. 78 is a SEM image (photograph) (x10,000) of 
a lithium-nickel-manganese-cobalt composite oxide pre 
pared in COMPARATIVE EXAMPLE 13. 
0325 FIG. 79 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in EXAMPLE 12. 
0326 FIG.80 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in EXAMPLE 13. 
0327 FIG. 81 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in EXAMPLE 
0328 FIG. 82 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in EXAMPLE 15. 
0329 FIG. 83 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in EXAMPLE 16. 
0330 FIG. 84 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in COMPARATIVE 
EXAMPLE 10. 

0331 FIG. 85 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in COMPARATIVE 
EXAMPLE 11. 

0332 FIG. 86 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in COMPARATIVE 
EXAMPLE 12. 

0333 FIG. 87 is an XRD pattern of a lithium-nickel-man 
ganese-cobalt composite oxide prepared in COMPARATIVE 
EXAMPLE 13. 

DETAILED DESCRIPTION OF THE INVENTION 

0334 While embodiments of the present invention will be 
described in detail below, descriptions of configuration 
requirements below are examples of embodiments (typical 
embodiments) of the present invention. The present invention 
is not limited to these descriptions. 
0335 A powder of a lithium transition-metal compound 
according to the present invention for a positive-electrode 
material in a lithium secondary battery will be described in 
detail below, in which in a mercury intrusion curve obtained 
by mercury intrusion porosimetry, the amount of mercury 
intruded is in the range of 0.8 cm/g to 3 cm/g when the 
pressure is increased from 3.86 kPa to 413 MPa. 

Powder of Lithium Transition-Metal Compound 

0336 A powder of a lithium transition-metal compound 
according to the present invention for a positive-electrode 
material in a lithium secondary battery is characterized in that 
in a mercury intrusion curve obtained by mercury intrusion 
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porosimetry, the amount of mercury intruded is in the range of 
0.8 cm/g to 3 cm/g when the pressure is increased from 3.86 
kPa to 413 MPa. 

<Mercury Intrusion Porosimetry> 

0337. A powder of a lithium transition-metal compound 
according to the present invention for a positive-electrode 
material in a lithium secondary battery is characterized by 
satisfying a specific requirement when the powder is Sub 
jected to mercury intrusion. Mercury intrusion porosimetry is 
briefly described before particles according to the present 
invention are described. 

0338 Mercury intrusion porosimetry is a technique for 
obtaining information about a specific Surface area, pore-size 
distribution, and the like from the relationship between the 
pressure and the amount of mercury intruded, the relationship 
being determined by intruding mercury into pores in a sample 
Such as porous particles under pressure. 
0339 Specifically, a vessel containing a sample is evacu 
ated and filled with mercury. Mercury has a high surface 
tension and thus does not intrude into pores on the Surface of 
the sample at atmospheric pressure. A gradual increase in 
pressure applied to mercury allows mercury to gradually 
intrude into pores in descending order of size. A change in the 
level of mercury (i.e., the amount of mercury intruded into 
pores) is measured while the pressure is continuously 
increased, thereby obtaining a mercury intrusion curve show 
ing the relationship between the pressure applied to mercury 
and the amount of mercury intruded. 
0340 Assuming that each of the pores has a cylindrical 
shape, let the radius of each pore, the Surface tension of 
mercury, and a contact angle be r, Ö, and 0, respectively, a 
force in the direction of extrusion of mercury is expressed as 
-27trö(cos 0) (if 0>90°, the resulting value is positive). A 
force in the direction of intrusion of mercury under pressure 
P is expressed as trip. Expression (1) and Expression (2) 
described below are obtained from the balance between the 
forces. 

–2Trö(cos 0)=Tr'P (1) 

Pr=-28(cos 0) (2) 

0341. In the case of mercury, values of a surface tension 8 
of about 480 dyn/cm and a contact angle 0 of about 140° are 
commonly used. When these values are used, the radius of a 
pore into which mercury is intruded under pressure P is 
expressed as Expression (3) described below. 

r(nm)=7.5x10/P(Pa) (3) 

0342. That is, the pressure Papplied to mercury correlates 
with the radius r of a pore into which mercury is intruded. 
Thus, a pore-size distribution curve showing the relationship 
between the radius and volume of the pore in the sample can 
be obtained on the basis of the resulting mercury intrusion 
curve. For example, in the case where the pressure P is 
changed from 0.1 MPa to 100 MPa, pores having radii of 
about 7500 nm to about 7.5 nm can be measured. 

0343. In mercury intrusion porosimetry, the upper mea 
Surement limit of the pore radius is about 2 mm or more, and 
the lower measurement limit is about 200 um or less. That is, 
mercury intrusion porosimetry is more Suitable for analysis of 
the distribution of pores having relatively large radii than a 
nitrogen adsorption method. 
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0344) Measurement by mercury intrusion porosimetry can 
be performed with an apparatus such as a mercury porosim 
eter. 
0345 Examples of the mercury porosimeter include Auto 
Pore manufactured by Micromeritics and PoreMaster manu 
factured by Quantachrome. 
0346 Particles according to the present invention are char 
acterized in that in a mercury intrusion curve obtained by 
mercury intrusion porosimetry, the amount of mercury 
intruded is in the range of 0.8 cm/g to 3 cm/g as the pressure 
is increased from 3.86 kPa to 413 MPa. The amount of mer 
cury intruded is usually 0.8 cm/g or more, preferably 0.85 
cm/g or more, more preferably 0.9 cm/g or more, and most 
preferably 1.0 cm/g or more, and usually 3 cm/g or less, 
preferably 2.5 cm/g or less, more preferably 2 cm/g or less, 
and most preferably 1.8 cm/g or less. In the case where the 
amount of mercury intruded exceeds the upper limit of the 
above range, pores are excessively large. In this case, the use 
of Such particles of the present invention as those of a posi 
tive-electrode material reduces the filling rate of a positive 
electrode active material into a positive-electrode plate, thus 
disadvantageously limiting battery capacity. In the case 
where the amount of mercury intruded is less than the lower 
limit of the above range, pores among particles are exces 
sively small. When a battery including such particles of the 
present invention as those of a positive-electrode material is 
produced, lithium diffusion among particles is inhibited, 
thereby degrading load characteristics. 
0347 In the particles according to the present invention, 
when a pore-size distribution curve is measured by mercury 
intrusion porosimetry described below, a specific main peak 
described below is usually observed. 
0348. In this specification, the “pore-size distribution 
curve' depicts the radii of pores plotted on the horizontal axis 
and values obtained by differentiating the total volume of 
pores per unit weight (usually 1 g), each of the pores having 
a radius equal to or larger than a corresponding one of the 
radii, with respect to the logarithm of the pore radius, the 
values being plotted on the vertical axis. The pore-size distri 
bution curve is usually shown in the form of a graph connect 
ing the plotted points. In particular, the pore-size distribution 
curve obtained by measuring the particles of the present 
invention by mercury intrusion porosimetry is appropriately 
referred to as a "pore-size distribution curve according to the 
present invention'. 
0349. In this specification, the “main peak” represents the 
highest peak among peaks in the pore-size distribution curve. 
A 'sub-peak” represents a peak except the main peak in the 
pore-size distribution curve. 
0350. In this specification, “peak top' represents the point 
with the maximum vertical coordinate of each peak in a 
pore-size distribution curve. 

<Main Peakd 

0351. The peak top of the main peak in the pore-size 
distribution curve according to the present invention is 
observed at a pore radius of usually 300 nm or more, prefer 
ably 310 nm or more, and most preferably 325 nm or more, 
and usually 1,000 nm or less, preferably 950 nm or less, more 
preferably 900 nm or less, still more preferably 850 nm or 
less, and most preferably 800 nm or less. In the case where the 
peak top is observed at a pore radius exceeding the upper limit 
of the above range, when a battery including Such porous 
particles of the present invention as those of a positive-elec 
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trode material is produced, load characteristics may be 
degraded because of inhibition of lithium diffusion in the 
positive electrode or the lack of conductive paths. 
0352. In the case where the peak top is observed at a pore 
radius of less than the lower limit in the above range, when a 
battery including Such porous particles of the present inven 
tion as those of a positive-electrode material is produced, the 
filling rate of the active material into a positive-electrode plate 
(current collector of the positive electrode) may be limited 
because of an increase in the amounts of conductive material 
and binder required, thereby limiting battery capacity. Fur 
thermore, Such particles have Smaller diameters. Thus, a coat 
ing layer including the particles is hard or brittle and is likely 
to detach from the positive electrode during a winding step in 
the battery production process. 
0353. The pore volume of the main peak in the pore-size 
distribution curve according to the present invention is usu 
ally 0.5 cm/g or more, preferably 0.52 cm/g or more, more 
preferably 0.55 cm/g or more, and most preferably 0.57 
cm/g or more, and usually 1.5 cm/g or less, preferably 1 
cm/g or less, more preferably 0.8 cm/g or less, and most 
preferably 0.7 cm/g or less. In the case where the pore 
Volume exceeds the upper limit of the above range, pores are 
excessively large. In this case, the use of such particles of the 
present invention as those of a positive-electrode material 
may reduce the filling rate of a positive-electrode active mate 
rial into a positive-electrode plate, thus disadvantageously 
limiting battery capacity. In the case where the pore Volume is 
less than the lower limit of the above range, pores among 
particles are excessively small. When a battery including Such 
particles of the present invention as those of a positive-elec 
trode material is produced, lithium diffusion among second 
ary particles may be inhibited, thereby reducing load charac 
teristics. 

<Sub-Peaks 

0354. The pore-size distribution curve according to the 
present invention may have a plurality of Sub-peaks in addi 
tion to the main peak. In this case, the pore-size distribution 
curve is characterized in that the sub-peaks are not observed 
in the pore-radius range of 80 nm to 300 nm. 

<Composition> 

0355 The lithium transition-metal compound of the 
present invention represents a compound having a structure 
capable of intercalating and deintercalating lithium ions. 
Examples thereof include Sulfides, phosphate compounds, 
and lithium transition-metal composite oxides. Examples of 
Sulfides include two-dimensional layered compounds, Such 
as TiS and MoS, and Chevrel compounds represented by the 
general formula MexMoSs (wherein Me represents a transi 
tion metal, e.g., Pb, Ag, or Cu) and each having a strong 
three-dimensional framework structure. Examples of phos 
phate compounds include compounds each having an olivine 
structure. The compounds are generally expressed as 
LiMePO (wherein Me represents at least one transition 
metal). Specific examples thereof include LiFePO, 
LiCoPO, LiNiPO, and LiMnPO. Examples of lithium 
transition-metal composite oxides include oxides each hav 
ing a spinel structure that allows lithium ions to diffuse three 
dimensionally and oxides each having a layered structure that 
allows lithium ions to diffuse two-dimensionally. The oxides 
each having a spinel structure are usually expressed as 
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LiMeO (wherein Me represents at least one transition 
metal). Specific examples thereof include LiMnO, 
LiCoMnO, LiNios MnO, and ColliVO. The oxides each 
having a layered structure are generally expressed as LiMeO. 
(wherein Me represents at least one transition metal). Specific 
examples thereof include LiCoO, LiNiO, LiNiCo, O, 
LiNiCo, MnO2, LiNios MnosO2, Li2CroaMno.O. 
Lio Cro-Tio O2, and LiMnO2. 
0356. The lithium transition-metal compound of the 
present invention preferably has a crystal structure assigned 
to an olivine structure, a spinel structure, or a layered struc 
ture from the viewpoint of the diffusion of lithium ions. In 
particular, the compound having a crystal structure assigned 
to a layered structure is particularly preferred. 
0357 The layered structure will be described in detail 
below. A typical crystal system of the layered compounds 
such as LiCoO, and LiNiO, having the C-NaFe0 type struc 
ture is a hexagonal system that is assigned to the space group: 

R3m Ex. 1 

0358 (hereinafter, also referred to as an “R(-3)m layered 
structure') on the basis of symmetry thereof. 
0359. The structure of the layered LiMeO, is not limited to 
the R(-3)m layered structure. That is, LiMnO, which is also 
referred to as layered Mn, belongs to an orthorhombic system 
and the space group Pm2m. LiMnO, which is also referred 
to as the 213 phase, can also be expressed as Li Li Mns 
O belongs to a monoclinic system and the space group 
C2/m, and is a layered compound having a Li layer, a Li, 
3Mn layer, and an oxygen layer stacked. 
0360 Chemical implications of the Li composition (Z and 
X) in the lithium transition-metal compound of the present 
invention will be described in detail below. 

0361. As described above, the layered structure is not nec 
essarily limited to the R(-3)m structure but is preferably a 
structure that can be assigned to the R(-3)m structure from 
the viewpoint of achieving good electrochemical perfor 
mance. To provide a detailed description, the following 
description is made under the assumption that the layered 
structure is the R(-3)m structure. 
0362. In the present invention, among the layered lithium 
transition metals, a compound having a basic structure of a 
layered lithium transition-metal composite oxide solid solu 
tion of the formula: 

Li (3.a) Li, Nii 3.2Mn(1 +x)/2)k 1-Co, (3.b)O, (II) 

is preferred, the solid solution being assumed to be prepared 
from 

LiNiMn2O, incorporated in a proportion of (1-3X)(1- 
y), Li Li MnO, incorporated in a proportion of 3X(1-y), 
and LiCoO incorporated in a proportion of y, 
0363 wherein (3a) and (3.b) represent different metal sites 
in the R(-3)m layered structure. 
0364. In the present invention, a Z-mol excess of Li is 
added to the composition of the formula (II) to form a lithium 
transition metal solid solution of the formula: 

Li (3.a) Li-o-Li, Nia 3.2Mn(1 +x)2)(1 -Coy)2(2. 
-3 O, (I), 

which is preferred, 
0365 wherein 0sxs0.33,0sys0.2, and -0.02szse0.2 
(1-y)(1-3x)), and (3a) and (3.b) represent different metal sites 
in the R(-3)m layered structure. 
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0366. This expression is similar to the following: 
Lil'ILie-Mee-l'O shows that the transition 
metal sites (3b sites) in a layered lithium transition-metal 
composite oxide expressed as LiMeO (wherein Me repre 
sents a transition metal) are replaced with a Z-mol excess of 
Li. 
0367 To determine x, y, and Z in the composition formula 
of the lithium transition-metal compound, the transition met 
als and Li are analyzed with an inductively coupled plasma 
atomic emission spectrometer (ICP-AES) to determine the 
ratio of Li/Ni/Mn/Co. That is, Xandy can be determined from 
the Ni/Mn ratio and the Cof Niratio, and Z can be determined 
from the Li/Ni molar ratio: 

0368 From the viewpoint of the structure, Li according to 
Z and Li according to X are believed to occupy the same 
transition-metal sites. The difference between Li according to 
Z and Li according to X is whether the Nivalence exceeds two 
or not (in other words, whether trivalent Niis formed or not). 
That is, X is a value linked to the Mn/Ni ratio (the degree of 
abundance of Mn); hence, the Ni Valence does not vary 
depending on only the X value and remains two. On the other 
hand, Li according to Z serves to increase the Nivalence, and 
Z serves as an index of the Nivalence (the proportion of 
Ni(III)). 
0369 From the composition formula described above, the 
Nivalence (m) when Z changes is determined to be m=2z/ 
(1-y)(1-3x)}+2, provided that Co has a valence of three and 
Mnhas a valence of four. This shows that the Nivalence is not 
determined only by Z but is a function of x and y. When Z=0. 
the Nivalence remains two regardless ofxandy values. When 
Z represents a negative value, the amount of Li in an active 
material is less than the Stoichiometric amount. Possibly, a 
compound having an excessively large negative value does 
not produce the effect of the present invention. Furthermore, 
the equation shows that even when Z, remains constant, a 
higher Min content (increase in X) and/or a higher Co content 
(increase in y) of the composition results in a higher Ni 
Valence. Use of Such a compound in a battery improves rate 
and output characteristics but is liable to cause a reduction in 
capacity. Thus, as described above, the upper limit of the z 
value is preferably defined as a function of X and y. 
0370. When 0sys0.2, i.e., when the Co content is low, 
the costs are reduced. Furthermore, the use of the compound 
in a lithium secondary battery that is designed to be charged 
at a high charging potential improves cycle characteristics 
and the level of safety. 
0371. As described above, a known battery including the 
powder of the lithium transition-metal compound having the 
above composition as that of a positive-electrode active mate 
rial disadvantageously has poor rate and output characteris 
tics. In contrast, the lithium-nickel-cobalt composite oxide of 
the present invention exhibits a large amount of mercury 
intruded under pressure in a mercury intrusion curve and has 
large pore Volumes between crystal particles. Thus, the use of 
the oxide of the present invention for a battery increases the 
contact area between the surface of the positive-electrode 
active material and an electrolytic Solution, thereby improv 
ing load characteristics required for a positive-electrode 
active material. 

<Lithium-Nickel-Manganese-Cobalt Composite Oxide> 
0372. The lithium transition-metal compound of the 
present invention for a positive-electrode material in a lithium 
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secondary battery is preferably a lithium-nickel-manganese 
cobalt composite oxide and more preferably a compound 
which has a crystal structure assigned to a layered structure 
and is represented by the composition formula (I): 

Li |Liz (2-2) (Li Ni, 1-32Mn( 1+xy2) 1-Co.32, 
(2+z)O2 

wherein Osxs0.33, 
OsysO.2, and 
-0.02szs0.2(1-y)(1-3x). 
0373) In the composition formula (I), Z represents -0.02 or 
more, preferably -0.01 or more, more preferably 0 or more, 
still more preferably 0.01(1-y)(1-3x) or more, and most 
preferably 0.02(1-y)(1-3x) or more, and 0.2(1-y)(1-3x) or 
less, preferably 0.19(1-y)(1-3x) or less, more preferably 
0.18(1-y)(1-3x) or less, and most preferably 0.17(1-y)(1- 
3x) or less. A Z value of less than the lower limit reduces 
conductivity. A Z value exceeding the upper limit results in an 
excessively large amount of Li with which the transition 
metal sites are replaced, thereby possibly degrading the per 
formance of a lithium secondary battery including the com 
pound, e.g., a reduction in battery capacity. 
0374. An excessively large Zenhances the carbon-dioxide 
absorbency of the active-material powder. As a result, the 
powder easily absorbs carbon dioxide in the atmosphere. It is 
thus speculated that the carbon content is increased. 
0375 An excessively small Z results in an insufficient 
amount of Li required for the formation of a structure mainly 
having layers. It is thus speculated that a heterophase Such as 
a spinel phase is formed. 
0376. The X value is 0 or more and 0.33 or less, preferably 
0.30 or less, more preferably 0.25 or less, and most preferably 
0.20 or less. An X value of less than the lower limit reduces 
stability at high Voltages and is liable to cause a reduction in 
safety. An X value exceeding the upper limit may be liable to 
lead to the formation of a heterophase and a reduction in 
battery performance. 
0377 The y value is 0 or more and preferably 0.01 or 
more, and 0.2 or less, preferably 0.18 or less, more preferably 
0.15 or less, and most preferably 0.1 or less. 
0378. In the composition range of the formula (I) 
described above, the rate and output characteristics when a 
battery including the compound is produced tend to deterio 
rate as the Z value approaches the lower limit, which is sto 
ichiometric. In contrast, as the Z value approaches the upper 
limit, the rate and output characteristics when a battery 
including the compound is produced tend to be improved, 
whereas the capacity tends to decrease. As the X value 
approaches the lower limit, in other words, as the manganese/ 
nickel atomic ratio approaches one, the capacity can be 
ensured at a low charging Voltage, whereas the cycle charac 
teristics and safety of a battery that can be charged at a high 
charging Voltage tend to deteriorate. In contrast, as the X value 
approaches the upper limit, the cycle characteristics and 
safety of a battery that can be charged at a high charging 
Voltage are improved, whereas the discharge capacity, the rate 
characteristics, and the output characteristics tend to deterio 
rate. As the y value approaches the lower limit, the load 
characteristics such as the rate and output characteristics tend 
to deteriorate. In contrast, as they value approaches the upper 
limit, the rate and output characteristics when a battery 
including the compound is produced tend to be improved, 
whereas the cycle characteristics and safety of a battery that 
can be charged at a high charging Voltage tend to deteriorate, 
thereby increasing material costs. The present invention has 

composition formula (I) 
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been accomplished by conducting intensive studies in order 
to particularly overcome these tradeoffs. It is important to set 
the above-described compositional parameters x, y, and Z 
within specified ranges. 
0379. In the composition of the formula (I) described 
above, the atomic proportion of oxygen is described as two 
for convenience but may be slightly nonstoichiometric. For 
example, the atomic proportion of oxygen may be in the range 
of 20.1. 
0380. In the case where the lithium transition-metal com 
pound of the present invention is a powder of a lithium 
nickel-manganese-cobalt composite oxide, the oxide may 
contain a substituent element therein. The substituent element 
is at least one element selected from Al, Fe, Ti, Mg, Cr, Ga. 
Cu, Zn, Nb, Zr, Mo, W, and Sn. Each of the Ni, Mn, and Co 
elements is appropriately replaced with a corresponding one 
of these substituent elements in an amount of 20 atomic 96 or 
less. 
<Reason that Particles of the Invention have Effect Described 
Above) 
0381. The particles of the lithium composite oxide of the 
present invention have a suitably large pore Volume. Thus, the 
use of the particles in a battery increases the contact area 
between the surface of the positive-electrode active material 
and an electrolytic solution. It is therefore speculated that the 
load characteristics required for the positive-electrode active 
material are improved. 

OTHER PREFERRED EMBODIMENTS 

0382 Other characteristics of the particles according to 
the present invention will be described in detail below. The 
following descriptions are merely of preferred embodiments. 
0383. Other characteristics of the particles according to 
the present invention are not particularly limited as long as the 
particles have the characteristics described above. 

<Median Diameter and 90% Cumulative Diameter (Do)> 
0384 The median diameter of the powder of the lithium 
transition-metal compound of the present invention is usually 
0.6 um or more, preferably 0.8 um or more, more preferably 
1 um or more, and most preferably 1.1 um or more, and 
usually 5um or less, preferably 4.5 um or less, more prefer 
ably 4 um or less, still more preferably 3.5 um or less, and 
most preferably 3 um or less. A median diameter of less than 
the lower limit may cause a problem of coatability informing 
a positive-electrode-material layer. A median diameter 
exceeding the upper limit may degrade battery performance. 
0385. The 90% cumulative diameter (Do) of secondary 
particles of the powder of the lithium transition-metal com 
pound of the present invention is usually 10 Lim or less, 
preferably 9 um or less, more preferably 8 um or less, and 
most preferably 7 um or less, and usually 1 um or more, 
preferably 2 um or more, more preferably 3 um or more, and 
most preferably 3.5um or more. A 90% cumulative diameter 
exceeding the upper limit may degrade battery performance. 
A 90% cumulative diameter of less than the lower limit may 
cause a problem of coatability in forming a positive-elec 
trode-material layer. 
0386. In the present invention, the median diameter as an 
average particle diameter and the 90% cumulative diameter 
(Doc) are determined from Volume-based particle diameters 
measured with a known laser diffraction/scattering particle 
size distribution analyzer using the refractive index set at 
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1.24. In the invention, a 0.1% by weight aqueous solution of 
Sodium hexametaphosphate was used as a dispersion medium 
in the measurement, and the measurement is made after a 
five-minute ultrasonic dispersion (power: 30 W, frequency: 
22.5 kHz). 

<Bulk Density> 
(0387. The bulk density of the powder of the lithium tran 
sition-metal compound according to the present invention for 
a positive-electrode material in a lithium secondary battery is 
usually 0.5 g/cc or more, preferably 0.6 g/cc or more, more 
preferably 0.7 g/cc or more, and most preferably 0.8 g/cc or 
more. A bulk density of less than the lower limit may 
adversely affect powder packing and electrode preparation. 
The bulk density of the positive electrode including the pow 
der as an active material is usually 1.5 g/cc or less, preferably 
1.4 g/cc or less, more preferably 1.3 g/cc or less, and most 
preferably 1.2 g/cc or less. Abulk density exceeding the upper 
limit is preferred in order to improve powder packing and the 
density of the electrode but may result in an excessively small 
specific Surface area to degrade battery performance. 
0388. In the present invention, the bulk density is deter 
mined by placing 5 to 10 g of the powder of the lithium 
nickel-manganese-cobalt composite oxide as the lithium 
transition-metal compound in a 10-mL glass graduated cyl 
inder, tapping this cylinder 200 times with a stroke of about 20 
mm, and then measuring the density of the powder thus 
packed (tap density) g/cc. 

<BET Specific Surface Aread 
0389. The BET specific surface area of the powder of the 
lithium-nickel-manganese composite oxide of the present 
invention is usually 1.5 m/g or more, preferably 1.7 m/g or 
more, more preferably 2 m/g or more, and most preferably 
2.5 m/g or more, and usually 5 m/g or less, preferably 4.5 
m/g or less, more preferably 4 m/g or less, and most pref 
erably 3.5 m/g or less. A BET specific surface area of less 
than the above range is liable to cause the deterioration of 
battery performance. A BET specific surface area exceeding 
the above range may prevent an increase in bulk density and 
is thus liable to cause a problem of coatability in forming a 
positive-electrode active material. 
0390 The BET specific surface area is measured with a 
known apparatus for measuring BET specific Surface areas of 
powders. In the present invention, the BET specific surface 
area is measured with a fully automatic powder specific Sur 
face area analyzer (Model: AMS8000, manufactured by 
Ohkura Riken Co., Ltd). Nitrogen is used as an adsorption 
gas. Helium is used as a carrier gas. A specific Surface area is 
measured by a single-point BET method using a continuous 
flow technique. Specifically, a powder sample is degassed by 
heating at 150°C. with a mixed gas and cooled to the liquid 
nitrogen temperature to adsorb the nitrogen/helium mixed 
gas. The sample is heated to room temperature with water to 
desorb the nitrogen gas adsorbed. The amount of the nitrogen 
gas thus desorbed is determined with a thermal conductivity 
detector. The specific Surface area of the sample is calculated 
from the amount of nitrogen gas determined. 

<Carbon Content C> 

0391 The C value of the powder of the lithium transition 
metal compound of the present invention is usually 0.005% 
by weight or more, preferably 0.01% by weight or more, more 
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preferably 0.015% by weight or more, and most preferably 
0.02% by weight or more, and usually 0.2% by weight or less, 
preferably 0.15% by weight or less, more preferably 0.12% 
by weight or less, and most preferably 0.1% by weight or less. 
A C value of less than the lower limit may degrade battery 
performance. A C value exceeding the upper limit may 
increase the expansion of a battery including Such a powder 
due to gas generation and degrade battery performance. 
0392. In the present invention, the carbon content C of the 
powder of the lithium transition-metal compound is deter 
mined by infrared spectroscopy after combustion in an oxy 
gen stream (high-frequency heating oven) as described in 
EXAMPLES. 

0393. The carbon content of the powder of the lithium 
transition-metal compound is determined by carbon analysis 
described below. Assuming that the carbon is completely 
derived from carbonate ions, the carbonate ion concentration 
is determined. Carbon in the powder of the lithium transition 
metal compound is analyzed by ion chromatography and may 
be mostly present as a carbonate. Consequently, the C value is 
regarded as an indicator of information about the amount of 
lithium carbonate attached. 
0394. In the case where a compound, such as lithium iron 
phosphate compounds (general formula: LiFePO), having 
significantly low electron conductivity is combined with car 
bon in order to achieve good conductivity and wherealithium 
transition-metal compound having a relatively high electron 
conductivity is combined with conductive carbon in order to 
further enhance electron conductivity, a C content outside the 
specified range described above may be detected. The C value 
of the powder of the lithium transition-metal compound sub 
jected to Such treatment is not limited to the specified range 
described above. In the powder of the lithium transition-metal 
compound according to the present invention, lithium that is 
in the form of a carbonate is present in a very Small amount 
and thus does not have an effect on the specified lithium 
composition (X and Z) of the composite-oxide powder. 

<Average Primary-Particle Diameters 
0395. The average primary-particle diameter of the 
lithium transition-metal compound of the present invention is 
preferably in the range of 0.05um to 1 lum. The lower limit is 
more preferably 0.1 um or more, more preferably 0.15 um or 
more, and most preferably 0.2 Lum or more. The upper limit is 
more preferably 0.8 um or less, more preferably 0.7 um or 
less, and most preferably 0.6 um or less. An average primary 
particle diameter exceeding the upper limit exerts an adverse 
influence upon powder packing and reduces the specific Sur 
face area, thereby increasing the possibility that battery per 
formance such as rate and output characteristics are degraded. 
An average primary-particle diameter of less than the lower 
limit may disadvantageously result in poor charge/discharge 
reversibility due to insufficient crystal growth. 
0396. In the present invention, the average primary-par 
ticle diameter is an average diameter determined by observa 
tion with a scanning electron microscope (SEM). Specifi 
cally, the average primary-particle diameter can be 
determined as the average value of particle diameters of about 
10 to 30 primary particles observed in a 30,000xSEM image. 

<Volume Resistivity> 

0397) The lower limit of the volume resistivity of the 
lithium transition-metal compound of the present invention, 
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the compound being compacted at a pressure of 40 MPa, is 
preferably 1x10 S2 cm or more, more preferably 5x10 S2 cm 
or more, and still more preferably 1x10 S2 cm or more. The 
upper limit of the volume resistivity is preferably 5x107 S2 cm 
or less, more preferably 1x107 S2 cm or less, and still more 
preferably 5x10° S.2-cm or less. A volume resistivity exceed 
ing the upper limit may degrade load characteristics of a 
battery including the compound. A Volume resistivity of less 
than the lower limit may degrade the safety etc. of a battery 
including the compound. 
0398. In the present invention, the volume resistivity of the 
powder of the lithium transition-metal compound is deter 
mined by measuring the volume resistivity of the powder of 
the lithium transition-metal compound that is compacted at a 
pressure of 40 MPa with a ring-type electrode and a four-pin 
probe having an inter-pin distance of 5.0 mm and an pin 
radius of 1.0 mm at a sample radius of 12.5 mm and an 
applied-voltage limit of 90 V. The volume resistivity of a 
powder compacted at a predetermined pressure can be mea 
Sured with, for example, a powder resistivity measurement 
apparatus (e.g., Loresta GP Powder Resistivity Measurement 
System, manufactured by Dia Instruments Co., Ltd) using a 
probe unit for powders. 

<Powder X-Ray Diffraction Peak> 

0399. Preferably, the powder of the lithium transition 
metal compound of the present invention does not exhibit a 
diffraction peak at 20–31+1 in a pattern obtained by powder 
X-ray diffraction using CuKO. radiation. That “the powder 
does not exhibit the diffraction peak' includes the case where 
the powder exhibits a diffraction peak in the range in which 
the diffraction peak does not cause adversely effect on the 
performance of a battery of the present invention. That is, this 
diffraction peak is derived from a spinel phase. The inclusion 
of the spinel phase impairs the capacity, rate characteristics, 
high-temperature storage characteristics, and high-tempera 
ture cycling characteristics of a battery including such a pow 
der. Thus, although the diffraction peak may be included in 
the range in which the diffraction peak does not cause 
adversely effect on the performance of a battery of the present 
invention, the proportion of the area of the diffraction peak at 
20–31+1 is preferably 0.5% or less and more preferably 
0.2% or less with reference to the area of the (003) peak at 
20=18.5+1. Most preferably, the diffraction peak at 
20–31+1 is not observed. That is, this diffraction peak is 
derived from the spinel phase. The inclusion of the spinel 
phase is liable to cause a reduction in capacity and the deg 
radation in rate characteristics, high-temperature storage 
characteristics, and high-temperature cycling characteristics 
of a battery including Such a powder. Hence, preferably, this 
diffraction peak is not observed. 
0400. A powder of a lithium-nickel-manganese-cobalt 
composite oxide for a positive-electrode material in a lithium 
secondary battery according to the present invention will be 
described in further detail below, the composite oxide being 
represented by the composition formula (I'): 

Li (Li2O2) (Ni +y 2Mn 1-y2) 1- Cox')2/2-l O2 (II) 

where 0sx's 0.1, -0.1 sy's 0.1, and (1-x)(0.05-0.98y') 
sz's (1-x)(0.15-0.88y'), wherein the composite oxide has a 
crystal structure assigned to a layered structure, and wherein 
in powder X-ray diffraction measurement using CuKO. radia 
tion, 0.01 sFWHM (110).s0.2 where FWHM (110) repre 
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sents the half-width of the (110) diffraction peak observed at 
a diffraction angle 20 of about 64.5°. 

Powder of Lithium-Nickel-Manganese-Cobalt Composite 
Oxide 
04.01. A powder of a lithium-nickel-manganese-cobalt 
composite oxide for a positive-electrode material in a lithium 
secondary battery according to the present invention will be 
described in further detail below, the composite oxide being 
represented by the composition formula (I): 

Li |Liz (2-) (Ni 2Mn 1-3)2) 1- Cox')2/2-l O2 (I) 
where 0sx's0.1, 
(0402 -0.1sy's 0.1, and 
(0403 (1-x)(0.05-0.98y')sz's (1-x)(0.15-0.88y"), 
wherein the composite oxide has a crystal structure assigned 
to a layered structure, and wherein in powder X-ray diffrac 
tion measurement using CuKO. radiation, 0.01sPWHM 
(110).s0.2, where FWHM (110) represents the half-width of 
the (110) diffraction peak observed at a diffraction angle 20 of 
about 64.50. 

<Composition and Crystal Structure> 
04.04. In the formula (I), the x value is 0 or more, prefer 
ably 0.01 or more, more preferably 0.02 or more, still more 
preferably 0.03 or more, and most preferably 0.04 or more, 
and 0.1 or less and preferably 0.099 or less. 
04.05 The y' value is -0.1 or more, preferably -0.08 or 
more, still more preferably -0.05 or more, and most prefer 
ably -0.03 or more, and 0.1 or less, preferably 0.08 or less, 
more preferably 0.05 or less, and most preferably 0.03 or less. 
(0406. The Z value is (1-x)(0.05-0.98y') or more, prefer 
ably (1-x)(0.06-0.98y") or more, more preferably (1-x)(0. 
07–0.98y") or more, and most preferably (1-x)(0.08–0.98y') 
or more, and (1-x)(0.15-0.88y') or less, preferably (1-x)(0. 
145-0.88y') or less, more preferably (1-x)(0.14–0.88y'), and 
most preferably (1-x)(0.13-0.88y") or less. A Z value of less 
than the lower limit reduces conductivity. A Z value exceed 
ing the upper limit results in an excessively large amount of Li 
with which the transition-metal sites are replaced, thereby 
possibly degrading the performance of a lithium secondary 
battery including the compound, e.g., a reduction in battery 
capacity. An excessively large Z enhances the carbon-dioxide 
absorbency of the active-material powder. As a result, the 
powder easily absorbs carbon dioxide in the atmosphere. It is 
thus speculated that the carbon content is increased. 
0407. In the composition range of the formula (I) 
described above, the rate and output characteristics when a 
battery including the compound is produced tend to deterio 
rate as the Z value approaches the lower limit, which is 
Stoichiometric. In contrast, as the Z value approaches the 
upper limit, the rate and output characteristics when a battery 
including the compound is produced tend to be improved, 
whereas the capacity tends to decrease. As the y' value 
approaches the lower limit, in other words, as the manganese/ 
nickel atomic ratio approaches one, the capacity can be 
ensured at a low charging Voltage, whereas the cycle charac 
teristics and safety of a battery that can be charged at a high 
charging Voltage tend to deteriorate. In contrast, as the y 
value approaches the upper limit, the cycle characteristics and 
safety of a battery that can be charged at a high charging 
Voltage are improved, whereas the discharge capacity, the rate 
characteristics, and the output characteristics tend to deterio 
rate. As the x value approaches the lower limit, the load 
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characteristics such as the rate and output characteristics tend 
to deteriorate. In contrast, as theX' value approaches the upper 
limit, the rate and output characteristics when a battery 
including the compound is produced tend to be improved. An 
X' value exceeding the upper limit degrades the cycle charac 
teristics and safety of a battery that can be charged at a high 
charging Voltage and increases material costs. Setting the 
above-described compositional parameters X', y', and Z 
within specified ranges is an important point of the present 
invention. 

0408. In the composition of the formula (I) described 
above, the atomic proportion of oxygen is defined as two for 
convenience but may be slightly nonstoichiometric. For 
example, the atomic proportion of oxygen may be in the range 
of 20.1. 
04.09. The powder of the lithium-nickel-manganese-co 
balt composite oxide of the present invention may contain an 
additional element. The additional element is at least one 
element selected from B, Na, Mg, Al, Si, K, Ca, Ti, V. Cr, Fe, 
Cu, Zn, Ga, Ge, Sr, Y, Zr, Nb, Mo, Ru, Ru, Rh, Pd, Ag, In, Sn, 
Sb, Te, Ba, Ta, W, Ir, Pt, Au, Pb, Bi, La, Ce, Pr, Nd, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, N, F, PS, Cl, Br, and I. These 
additional elements may be incorporated in the crystal struc 
ture of the lithium-nickel-manganese-cobalt composite oxide 
or may be localized as an elementary Substance or a com 
pound on Surfaces of and grain boundaries in the particles 
without the incorporation in the crystal structure of the 
lithium-nickel-manganese-cobalt composite oxide. 
0410 The lithium-nickel-manganese-cobalt composite 
oxide of the present invention has a crystal structure assigned 
to a layered structure. 
0411. The layered structure will be described in detail 
below. A typical crystal system of the layered compounds 
such as LiCoO and LiNiO having the C-NaFeC) type struc 
ture is a hexagonal system that is assigned to the space group 
R(-3)m layered structure' (the R(-3)m structure on a layer is 
as defined in the expression (4) described above) on the basis 
of symmetry thereof. 
0412. The structure of the layered LiMeO is not limited to 
the R(-3)m layered structure. That is, LiMnO, which is also 
referred to as layered Mn, belongs to an orthorhombic system 
and the space group Pm2m. LiMnO, which is also referred 
to as the 213 phase, can also be expressed as Li Li Mns 
O belongs to a monoclinic system and the space group 
C2/m, and is a layered compound having a Li layer, a Li, 
3Mn layer, and an oxygen layer stacked. 
0413 Chemical implications of the Li composition (Z' and 

X") in the lithium transition-metal compound of the present 
invention will be described in detail below. 

0414. As described above, the layered structure is not nec 
essarily limited to the R(-3)m structure but is preferably a 
structure that can be assigned to the R(-3)m structure from 
the viewpoint of achieving good electrochemical perfor 
aCC. 

0415. To determine X', y', and z in the composition for 
mula of the lithium-nickel-manganese-cobalt composite 
oxide, the transition metals and Liare analyzed with an induc 
tively coupled plasma-atomic emission spectrometer (ICP 
AES) to determine the ratio of Li/Ni/Mn/Co. 
0416) From the viewpoint of the structure, Li according to 

Z' is occupy the same transition-metal site. Li according to Z. 
increases an average Nivalence greater than two according to 
the electroneutrality principle (trivalent Niformation). Since 
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Z' increases the average Nivalence, Z serves as an index of the 
Nivalence (the proportion of Ni(III)). 
0417. From the composition formula described above, the 
Nivalence (m) when z' changes is determined to be m=2z/ 
(1-y)(1-3x)}+2, provided that Co has a valence of three and 
Minhas a valence of four. This shows that the Nivalence is not 
determined only by Z but is a function of x' and y. When Z'-0 
and y=0, the Nivalence remains two regardless of the x 
value. When z' represents a negative value, the amount of Li 
in an active material is less than the stoichiometric amount. 
Possibly, a compound having an excessively large negative 
value does not produce the effect of the present invention. 
Furthermore, the equation shows that even when z' remains 
constant, a higher Ni content (increase in y) and/or a higher 
Co content (increase in X) of the composition results in a 
higher Ni Valence. Use of such a compound in a battery 
improves rate and output characteristics but is liable to cause 
a reduction in capacity. Therefore, the upper limit and lower 
limit of the Z value are preferably defined as functions of x 
andy'. 
0418 When Osx's0.1, i.e., when the Co content is low, 
the costs are reduced. Furthermore, the use of the compound 
in a lithium secondary battery that is designed to be charged 
at a high charging potential improves the charge/discharge 
capacity, cycle characteristics, and the level of safety. 
0419. As described above, a known battery including the 
powder of the lithium-nickel-manganese-cobalt composite 
oxide having the above composition as that of a positive 
electrode active material disadvantageously has poor rate and 
output characteristics. In contrast, the lithium-nickel-manga 
nese-cobalt composite oxide has high crystallinity and a sig 
nificantly low heterophase content and exhibits a large 
amount of mercury intruded under pressure in a mercury 
intrusion curve and has large pore Volumes between crystal 
particles. Thus, the use of the oxide of the present invention 
for a battery increases the contact area between the surface of 
the positive-electrode active material and an electrolytic solu 
tion or a conductive aid, thereby improving load characteris 
tics required for a positive-electrode active material. 

<Powder X-Ray Diffraction Peak> 
0420. The powder of the lithium-nickel-manganese-co 
balt composite oxide of the present invention is characterized 
in that in powder X-ray diffraction measurement using CuKO. 
radiation, 0.01sFWHM (110).s0.2, where FWHM (110) 
represents the half-width of the (110) diffraction peak 
observed at a diffraction angle 20 of about 64.5°. 
0421. In general, the half-width of an X-ray diffraction 
peak is used as a measure of crystallinity. The inventors have 
conducted intensive studies on the correlation between crys 
tallinity and battery performance and have found that when 
the value of the half-width of the (110) diffraction peak at a 
diffraction angle 20 of about 64.5° is in a specified range, a 
satisfactory battery performance is provided. 
0422. In the present invention, FWHM (110) is usually 
0.01 or more, preferably 0.05 or more, more preferably 0.10 
or more, still more preferably 0.12 or more, and most prefer 
ably 0.14 or more, and 0.2 or less, preferably 0.196 or less, 
more preferably 0.19 or less, and most preferably 0.185 or 
less. 
0423. In the powder of the lithium-nickel-manganese-co 
balt composite oxide, preferably, in powder X-ray diffraction 
measurement using CuKC radiation, no diffraction peak from 
a heterophase is observed on the higher-angle side of the peak 
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top of each of the (018) diffraction peak at a diffraction angle 
20 of about 64°, the (110) diffraction peak at a diffraction 
angle 20 of about 64.5°, and the (113) diffraction peak at a 
diffraction angle 20 of about 68°, or in the case where a 
diffraction peak from a heterophase is observed, the ratio of 
the integrated intensity of the diffraction peak from the het 
erophase to the integrated intensity of a corresponding one of 
the diffraction peaks from a target crystal phase is within 
ranges described below: 

Osios/loss0.20, 

Oslo/I11os0.25, and 

Os13/13 s.0.30, 

where Ios represents the integrated intensity of the (018) 
diffraction peak, Io represents the integrated intensity of the 
(110) diffraction peak, I represents the integrated intensity 
of the (113) diffraction peak, Ios represents the integrated 
intensity of the diffraction peak from the heterophase 
observed on the higher-angle side of the peak top of the (018) 
diffraction peak, Io represents the integrated intensity of 
the diffraction peak from the heterophase observed on the 
higher-angle side of the peak top of the (110) diffraction peak, 
and I represents the integrated intensity of the diffraction 
peak from the heterophase observed on the higher-angle side 
of the peak top of the (113) diffraction peak. 
0424 Details of a material exhibiting the diffraction peak 
from the heterophase are not clear. The inclusion of the het 
erophase impairs the capacity, rate characteristics, cycling 
characteristics, and the like. Thus, the diffraction peak may be 
included in the range in which the diffraction peak does not 
cause adversely effect on the performance of a battery of the 
present invention. Preferably, the diffraction peak is in the 
range described above. The ratios of the integrated intensities 
of the diffraction peaks from the heterophase to the integrated 
intensities of the respective diffraction peaks are Iosif 
Ioss0.20, Io/Io.s0.25, and I/Is0.30, preferably 
Io.se/Ioss0.15. I of Io.s0.20, and IIIs fIss0.25, more 
preferably los/loss0.10, Io/Io.s0.16, and Is? 
Iss0.20, and still more preferably Ios/Ioss0.05, Io/ 
Io.s0.10, and I/Is0.15. Most preferably, the diffrac 
tion peaks derived from the heterophase are not observed. 

<Pore Characteristics Based on Mercury Intrusion Porosim 
etry> 

0425 The powder of the lithium-nickel-manganese-co 
balt composite oxide for a positive-electrode material in a 
lithium secondary battery according to the present invention 
preferably satisfies specific requirements in measurement by 
mercury intrusion porosimetry. 
0426 Mercury intrusion porosimetry employed for the 
evaluation of the powder of the lithium-nickel-manganese 
cobalt composite oxide of the present invention is as 
described above. 
0427. With respect to the particles of the present invention, 
in a mercury intrusion curve obtained by mercury intrusion 
porosimetry, the amount of mercury intruded is preferably in 
the range of 0.7 cm/g to 1.5 cm/g when the pressure is 
increased from 3.86 kPa to 413 MPa. The amount of mercury 
intruded is more preferably 0.74 cm/g or more, still more 
preferably 0.8 cm/g or more, and most preferably 0.9 cm/g 
or more, and more preferably 1.4 cm/g or less, still more 
preferably 1.3 cm/g or less, and most preferably 1.2 cm/g or 
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less. In the case where the amount of mercury intruded 
exceeds the upper limit of the above range, pores are exces 
sively large. In this case, the use of the powder of the lithium 
nickel-manganese-cobalt composite oxide of the present 
invention as that of a positive-electrode material reduces the 
filling rate of a positive-electrode active material into a posi 
tive-electrode plate (current collector of the positive elec 
trode), thus disadvantageously limiting battery capacity. In 
the case where the amount of mercury intruded is less than the 
lower limit of the above range, pores among particles are 
excessively small. When a battery including the powder of the 
lithium-nickel-manganese-cobalt composite oxide of the 
present invention as that of a positive-electrode material is 
produced, lithium diffusion among particles is inhibited, 
thereby degrading load characteristics. 
0428. In the powder of the lithium-nickel-manganese-co 
balt composite oxide of the present invention, when a pore 
size distribution curve is measured by mercury intrusion 
porosimetry described above, a specific main peak described 
below is usually observed. 
0429. The terms “pore-size distribution curve”, “main 
peak”, “sub-peak', and “peak top' areas described above. 

<Main Peakd 

0430. The peak top of the main peak in the pore-size 
distribution curve according to the present invention is 
observed at a pore radius of usually 300 nm or more, prefer 
ably 350 nm or more, and most preferably 400 nm or more, 
and usually 1,000 nm or less, preferably 980 nm or less, more 
preferably 970 nm or less, still more preferably 960 nm or 
less, and most preferably 950 nm or less. In the case where the 
peak top is observed at apore radius exceeding the upper limit 
of the above range, when a battery including Such a powder of 
the lithium-nickel-manganese-cobalt composite oxide of the 
present invention as that of a positive-electrode material is 
produced, load characteristics may be degraded because of 
inhibition of lithium diffusion in the positive electrode or the 
lack of conductive paths. In the case where the peak top is 
observed at a pore radius of less than the lower limit in the 
above range, when a battery including Such a powder of the 
lithium-nickel-manganese-cobalt composite oxide of the 
present invention as that of a positive-electrode material is 
produced, the filling rate of the positive-electrode active 
material into a positive-electrode plate (current collector of 
the positive electrode) may be limited because of an increase 
in the amounts of conductive material and binder required, 
thereby limiting battery capacity. Furthermore, such particles 
have Smaller diameters. Thus, a coating layer including the 
particles is hard or brittle and is likely to detach from the 
positive electrode during a winding step in the battery pro 
duction process. 
0431. In the pore-size distribution curve according to the 
present invention, the pore Volume of the main peak with a 
peak top that is presentata pore radius of 300 nm to 1,000 nm 
is usually 0.3 cm/g or more, preferably 0.35 cm/g or more, 
more preferably 0.4 cm/g or more, and most preferably 0.5 
cm/g or more, and usually 1.0 cm/g or less, preferably 0.8 
cm/g or less, 0.7 cm/g or less, and most preferably 0.6 cm/g 
or less. In the case where the pore Volume exceeds the upper 
limit of the above range, pores are excessively large. In this 
case, the use of Such a powder of the lithium-nickel-manga 
nese-cobalt composite oxide of the present invention as that 
of a positive-electrode material may reduce the filling rate of 
a positive-electrode active material into a positive-electrode 
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plate, thus disadvantageously limiting battery capacity. In the 
case where the pore volume is less than the lower limit of the 
above range, pores among particles are excessively small. 
When a battery including such a powder of the lithium 
nickel-manganese-cobalt composite oxide of the present 
invention as that of a positive-electrode material is produced, 
lithium diffusion among secondary particles may be inhib 
ited, thereby reducing load characteristics. 

<Sub-Peaks 

0432. The pore-size distribution curve according to the 
present invention may have a plurality of Sub-peaks in addi 
tion to the main peak. In this case, preferably, the Sub-peaks 
are not observed in the pore-radius range of 80 nm to 300 nm. 
<Reason that Powder of Lithium-Nickel-Manganese-Cobalt 
Composite Oxide of the Invention has Effect Described 
Above) 

0433 Details of reasons that the powder of the lithium 
nickel-manganese-cobalt composite oxide of the present 
invention has the effect described above are not clear. The 
powder of the lithium-nickel-manganese-cobalt composite 
oxide has a high crystallinity, an optimum composition, and 
an appropriately large pore Volume. Thus, the use of the 
powder in a battery increases the contact area between the 
Surface of the positive-electrode active material and an elec 
trolytic solution. It is therefore speculated that the load char 
acteristics required for the positive-electrode active material 
are improved. 

OTHER PREFERRED EMBODIMENTS 

0434. Other characteristics of the powder of the lithium 
nickel-manganese-cobalt composite oxide of the present 
invention will be described in detail below. The following 
descriptions are merely of preferred embodiments. Other 
characteristics of the powder of the lithium-nickel-manga 
nese-cobalt composite oxide of the present invention are not 
particularly limited as long as the powder has the character 
istics described above. 

<Median Diameter and 90% Cumulative Diameter (D.)> 
0435 The median diameter of the powder of the lithium 
nickel-manganese-cobalt composite oxide of the present 
invention is usually 1 um or more, preferably 1.2 Lum or more, 
more preferably 1.5um or more, and most preferably 2 um or 
more, and usually 5 um or less, 4.5 um or less, more prefer 
ably 4 um or less, more preferably 3.8 um or less, and most 
preferably 3.5 um or less. A median diameter of less than the 
lower limit may cause a problem of coatability in forming a 
positive-electrode-material layer. A median diameter exceed 
ing the upper limit may degrade battery performance. 
0436 The 90% cumulative diameter (Do) of secondary 
particles of the powder of the lithium-nickel-manganese-co 
balt composite oxide of the present invention is usually 10um 
or less, preferably 9 um or less, more preferably 8 um or less, 
and most preferably 7 um or less, and usually 1 um or more, 
preferably 2 um or more, more preferably 3 um or more, and 
most preferably 3.5um or more. A 90% cumulative diameter 
exceeding the upper limit may degrade battery performance. 
A 90% cumulative diameter of less than the lower limit may 
cause a problem of coatability in forming a positive-elec 
trode-material layer. 
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0437. The median diameter as an average particle diam 
eter and the 90% cumulative diameter (Do) are determined as 
described above. 

<Bulk Density> 

0438. The bulk density of the powder of the lithium 
nickel-manganese-cobalt composite oxide of the present 
invention is usually 0.5 g/cc or more, preferably 0.6 g/cc or 
more, more preferably 0.7 g/cc or more, and most preferably 
0.8 g/cc or more, and usually 1.7 g/cc or less, preferably 1.6 
g/cc or less, more preferably 1.5 g/cc or less, and most pref 
erably 1.3 g/cc or less. A bulk density exceeding the upper 
limit is preferred in order to improve powder packing and the 
density of the electrode but may result in an excessively small 
specific Surface area to degrade battery performance. A bulk 
density of less than the lower limit may adversely affect 
powder packing and electrode preparation. 
0439. The bulk density is measured as described above. 

<BET Specific Surface Aread 

0440 The BET specific surface area of the powder of the 
lithium-nickel-manganese-cobalt composite oxide is usually 
1.4 m/g or more, preferably 1.5 m/g or more, more prefer 
ably 1.6 m/g or more, and most preferably 1.7 m/g or more, 
and usually 3 m/g or less, preferably 2.8 m/g or less, more 
preferably 2.5 m/g or less, and most preferably 2.3 m/g or 
less. A BET specific surface area of less than the above range 
is liable to cause the deterioration of battery performance. A 
BET specific Surface area exceeding the above range may 
prevent an increase in bulk density and is thus liable to cause 
a problem of coatability informing a positive-electrode active 
material. 

0441 The BET specific surface area is measured as 
described above. 

<Carbon Content C> 

0442. The carbon content C (% by weight) of the powder 
of the lithium-nickel-manganese-cobalt composite oxide is 
usually 0.005% by weight or more, preferably 0.01% by 
weight or more, more preferably 0.015% by weight or more, 
and most preferably 0.02% by weight or more, and usually 
0.05% by weight or less, preferably 0.045% by weight or less, 
more preferably 0.04% by weight or less, and most preferably 
0.035% by weight or less. A carbon content C of less than the 
lower limit may degrade battery performance. A carbon con 
tent C exceeding the upper limit may increase the expansion 
ofa battery including Such a powder due to gas generation and 
degrade battery performance. 
0443) The carbon content C (% by weight) of the powder 
of the lithium-nickel-manganese-cobalt composite oxide is 
measured as described above. 

0444. In the case where the powder is combined with 
conductive carbon in order to further enhance electron con 
ductivity, a C content outside the specified range described 
above may be detected. The C value of the powder of the 
lithium-nickel-manganese-cobalt composite oxide Subjected 
to such treatment is not limited to the specified range 
described above. 
0445. In the powder of the lithium-nickel-manganese-co 
balt composite oxide according to the present invention, 
lithium that is in the form of a carbonate is present in a very 
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Small amount and thus does not have an effect on the specified 
lithium composition (Z) of the composite-oxide powder. 

<Average Primary-Particle Diameters 

0446. The average primary-particle diameter of the pow 
der of the lithium-nickel-manganese-cobalt composite oxide 
of the present invention is preferably in the range of 0.05um 
to 1 Lum. The lower limit is more preferably 0.1 um or more, 
more preferably 0.15um or more, and most preferably 0.2um 
or more. The upper limit is more preferably 0.8 um or less, 
more preferably 0.7 um or less, and most preferably 0.5um or 
less. An average primary-particle diameter exceeding the 
upper limit exerts an adverse influence upon powder packing 
and reduces the specific Surface area, thereby increasing the 
possibility that battery performance such as rate and output 
characteristics are degraded. An average primary-particle 
diameter of less than the lower limit may disadvantageously 
result in poor charge/discharge reversibility due to insuffi 
cient crystal growth. 
0447 The average primary-particle diameter (average 
particle diameter of primary particles) is measured as 
described above. 

<Volume Resistivity> 

0448. The lower limit of the volume resistivity of the pow 
der of the lithium-nickel-manganese-cobalt composite oxide 
of the present invention, the powder being compacted at a 
pressure of 40 MPa, is preferably 1x10 S2 cm or more, more 
preferably 5x10 S2 cm or more, and still more preferably 
1x10'S2 cm or more. The upper limit of the volume resistivity 
is preferably 1x10° S.2-cm or less, more preferably 5x10 
S2 cm or less, and more preferably 1x10° S.2-cm or less. A 
Volume resistivity exceeding the upper limit may degrade 
load characteristics of a battery including the compound. A 
volume resistivity of less than the lower limit may degrade the 
safety etc. of a battery including the compound. 
0449 The volume resistivity is measured as described 
above. 
0450 A powder of a lithium transition-metal compound 
for a positive-electrode material in a lithium secondary bat 
tery according to the present invention will be described in 
detail below, in which the powder is composed of a lithium 
transition-metal compound, as a main component, capable of 
intercalating and deintercalating lithium ions, and the powder 
is prepared by incorporating at least one additive that inhibits 
grain growth and sintering during firing in the main compo 
nent in an amount greater than or equal to 0.01 mol% and less 
than 2 mol % with respect to the total molar amount of the 
transition-metal elements in the main component and then 
performing firing. 

Powder of Lithium Transition-Metal Compound 

0451 A powder of a lithium transition-metal compound 
(hereinafter, also referred to as a “positive-electrode active 
material) for a positive-electrode material in a lithium sec 
ondary battery of the present invention is characterized by 
containing a transition-metal compound, as a main compo 
nent, capable of intercalating and deintercalating lithium 
ions, in which the powder is prepared by incorporating at least 
one additive that inhibits grain growth and sintering during 
firing in the main component in an amount greater than or 
equal to 0.01 mol% and less than 2 mol% with respect to the 
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total molar amount of the transition-metal elements in the 
main component and then performing firing. 

<Lithium Transition-Metal Compound> 

0452. The lithium transition-metal compound of the 
present invention represents a compound having a structure 
capable of intercalating and deintercalating lithium ions. 
Examples thereof include Sulfides, phosphate compounds, 
and lithium transition-metal composite oxides. Examples of 
Sulfides, phosphate compounds, and lithium transition-metal 
composite oxides are the same as described above. 
0453 The powder of the lithium transition-metal com 
pound of the present invention preferably has a crystal struc 
ture assigned to an olivine structure, a spinel structure, or a 
layered structure from the viewpoint of the diffusion of 
lithium ions. In particular, the compound having a crystal 
structure assigned to a layered structure is particularly pre 
ferred. 

0454. The powder of the lithium transition-metal com 
pound of the present invention may contain an additional 
element. The additional element is at least one element 
selected from B, Na, Mg, Al, Si, K, Ca, Ti, V. Cr, Fe, Cu, Zn, 
Ga, Ge, Sr, Y, Zr, Ru, Rh, Pd, Ag, In, Sn, Sb, Te, Ba, Os, Ir, Pt, 
Au, Pb, Bi, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu, N, F, P, S, Cl, Br, and I. These additional elements 
may be incorporated in the crystal structure of the lithium 
transition-metal compound or may be localized as an elemen 
tary Substance or a compound on Surfaces of and grainbound 
aries in the particles without the incorporation in the crystal 
structure of the lithium transition-metal compound. 

<Additive Inhibiting Grain Growth and Sintering During Fir 
ing> 

0455. In the present invention, “additive that inhibits grain 
growth and sintering during firing inhibits the sintering 
between primary particles or secondary particles during firing 
at a high temperature to Suppress the growth of particles of the 
active material, thereby providing a fine powder having many 
pores and high crystallinity. 
0456. For example, in the case where the powder of the 
lithium-nickel-manganese-cobalt composite oxide having 
the composition specified by the Suitable composition for 
mula (I") of the present invention is produced, a mixture of 
solid powder materials is fired at a temperature of 970° C. or 
higher to produce a positive-electrode active material having 
high crystallinity and a crystal structure suitable for battery 
performance. However, grain growth and sintering proceed 
very easily, thus providing a powder unsuitable for battery 
performance. In other words, it is extremely difficult to 
improve both properties. However, the trade-off relationship 
can be overcome by incorporating the “additive that inhibits 
grain growth and sintering during firing in the mixture and 
firing the mixture. 
0457. In the present invention, a mechanism in which a 
specific compound serving as the additive that inhibits grain 
growth and sintering during firing produces the effect of 
inhibiting grain growth and sintering during firing is not clear. 
As examples, compound containing metal elements capable 
of exhibiting a valence of five or six commonly produce the 
effect. Unlike the cationic elements constituting the lithium 
transition-metal compound, these metal elements can stably 
have higher Valent states, e.g., pentavalent to heptavalent 
states, and do not form a solid solution by Solid-phase reac 
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tion, so that these metal elements are localized on Surfaces of 
or grain boundaries in the particles of the lithium transition 
metal compound. It is therefore speculated that mass transfer 
between the positive-electrode active material particles in 
contact with each other is inhibited to Suppress the growth and 
sintering of the particles. 
0458 Any type of the additive may be used as long as it 
produces the effect described above. A compound containing 
an element selected from Mo, W, Nb, Ta, and Re, which are 
stably present in higher valence states, is preferred. Two or 
more of these elements may be appropriately combined. As a 
compound containing such an element, an oxide material is 
usually used. 
0459 Examples of the compounds that can be used as the 
additive include MoC), MoO, Mo.O. MoO, Mo.O. 
Mo.O.s, LiMoO WO, WO, WO, WO, W.O., WOs, 
WisC49, WoOss. W-Ozo Was O7s. WoO1 is, Li2WO, 
NbO, NbO, NbO, NbO, NbO, NbO, LiNbO, TaC), 
TaO, Ta-Os, LiTaO, ReO, ReO, and ReO. Preferred 
examples thereof include MoC), LiMoO, WO, LiWO, 
LiNbO, Ta-Os, LiTaC), and ReO. Particularly preferred 
examples thereof include WO, Li WO, and ReO. 
0460. The amount of the additive added is usually 0.01 
mol % or more, preferably 0.03 mol % or more, more pref 
erably 0.04 mol % or more, particularly preferably 0.05 mol 
% or more, and usually less than 2 mol %, preferably 1.8 mol 
% or less, more preferably 1.5 mol% or less, and particularly 
preferably 1.3 mol% or less, with respect to the total molar 
amount of the transition-metal elements constituting the main 
component. At an amountless than the lower limit, possibly, 
the above effect is not produced. At an amount exceeding the 
upper limit, battery performance may be degraded. 
0461 The powder of the lithium transition-metal com 
pound of the present invention is characterized in that an 
element (additive element) from the additive, i.e., at least one 
element selected from Mo, W. Nb, Ta, and Re, is preferably 
localized on Surfaces of primary particles of the compound. 
Specifically, the molar ratio of the total amount of the additive 
element to the total amount of metal elements except Li and 
the additive element on the surfaces of the primary particles 
(namely, metal elements other than Li and the additive ele 
ment) is usually five or more times the atomic ratio of the total 
amount of the additive element to the total amount of the 
metal elements except Li and the additive element in the 
entire particles. The lower limit of the ratio is preferably seven 
times or more, more preferably eight times or more, and 
particularly preferably nine times or more. The upper limit is 
usually not limited but preferably 150 times or less, more 
preferably 100 times or less, particularly preferably 50 times 
or less, and most preferably 30 times or less. An excessively 
small ratio results in a low effect of improving battery per 
formance. An excessively large ratio may impair battery per 
formance. 

0462. The surface composition of the primary particles of 
the powder of the lithium transition-metal compound is ana 
lyzed by X-ray photoelectron spectroscopy (XPS) using a 
monochromatic AlKC. X-ray Source under the conditions: 
analysis area: 0.8 mm in diameter, and take-off angle: 65°. An 
analyzable range (depth) varies depending on the composi 
tion of the primary particles but is usually 0.1 nm to 50 nm. In 
particular, for the positive-electrode active material, the range 
is usually 1 nm to 10 nm. In the present invention, therefore, 
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the surfaces of the primary particles of the powder of the 
lithium transition-metal compound represent a measurable 
region under the conditions. 

<Median Diameter and 90% Cumulative Diameter (D.)> 

0463. The median diameter of the powder of the lithium 
transition-metal compound of the present invention is usually 
0.1 um or more, preferably 0.3 um or more, more preferably 
0.6 um or more, still more preferably 0.8 um or more, and 
most preferably 1.2 um or more, and usually 5 um or less, 
preferably 4 um or less, more preferably 3 um or less, still 
more preferably 2.8 um or less, and most preferably 2.5um or 
less. A median diameter of less than the lower limit may cause 
a problem of coatability in forming a positive-electrode-ma 
terial layer. A median diameter exceeding the upper limit may 
degrade battery performance. 
0464) The 90% cumulative diameter (Do) of secondary 
particles of the powder of the lithium transition-metal com 
pound of the present invention is usually 10 Lim or less, 
preferably 8 um or less, more preferably 6 um or less, and 
most preferably 5 um or less, and usually 0.5 um or more, 
preferably 0.8 um or more, more preferably 1 um or more, and 
most preferably 1.5um or more. A 90% cumulative diameter 
exceeding the upper limit may degrade battery performance. 
A 90% cumulative diameter of less than the lower limit may 
cause a problem of coatability in forming a positive-elec 
trode-material layer. 
0465. The median diameter as an average particle diam 
eter and the 90% cumulative diameter (Do) are determined as 
described above. 

<Average Primary-Particle Diameters 

0466. The average diameter of primary particles (average 
primary-particle diameter) of the powder of the lithium tran 
sition-metal compound of the present invention is not particu 
larly limited. The lower limit is preferably 0.1 um or more, 
more preferably 0.15 um or more, still more preferably 0.2 
um or more, and most preferably 0.25um or more. The upper 
limit is preferably 0.9 um or less, more preferably 0.8 um or 
less, still more preferably 0.7 um or less, and most preferably 
0.5um or less. An average primary-particle diameter exceed 
ing the upper limit exerts an adverse influence upon powder 
packing and reduces the specific Surface area, thereby 
increasing the possibility that battery performance Such as 
rate and output characteristics are degraded. An average pri 
mary-particle diameter of less than the lower limit may dis 
advantageously result in poor charge/discharge reversibility 
due to insufficient crystal growth. 
0467. In the present invention, the average primary-par 
ticle diameter is determined as described above. 

<BET Specific Surface Aread 

0468. The BET specific surface area of the powder of the 
lithium transition-metal compound of the present invention is 
usually 1.5 m/g or more, preferably 1.6 m/g or more, more 
preferably 1.7 m/g or more, and most preferably 1.8 m/g or 
more, and usually 5 m/g or less, preferably 4 m/g or less, 
more preferably 3.5 m/g or less, and most preferably 3 m/g 
or less. A BET specific surface area of less than the above 
range is liable to cause the deterioration of battery perfor 
mance. A BET specific Surface area exceeding the above 
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range may prevent an increase in bulk density and is thus 
liable to cause a problem of coatability informing a positive 
electrode active material. 
0469. The BET specific surface area is measured as 
described above. 

<Pore Characteristics Based on Mercury Intrusion Porosim 
etry> 

0470 The powder of the lithium transition-metal com 
pound for a positive-electrode material in a lithium secondary 
battery according to the present invention preferably satisfies 
specific requirements in measurement by mercury intrusion 
porosimetry. Mercury intrusion porosimetry employed for 
the evaluation of the powder of the powder of the lithium 
transition-metal compound of the present invention is as 
described above. 
0471. With respect to the powder of the lithium transition 
metal compound of the present invention, in a mercury intru 
sion curve obtained by mercury intrusion porosimetry, the 
amount of mercury intruded is preferably in the range of 0.7 
cm/g to 1.5 cm/g when the pressure is increased from 3.86 
kPa to 413 MPa. The amount of mercury intruded is more 
preferably 0.74 cm/g or more, still more preferably 0.8 
cm/g or more, and most preferably 0.9 cm/g or more, and 
more preferably 1.4 cm/g or less, still more preferably 1.3 
cm/g or less, and most preferably 1.2 cm/g or less. In the 
case where the amount of mercury intruded exceeds the upper 
limit of the above range, pores are excessively large. In this 
case, the use of the powder of the lithium transition-metal 
compound of the present invention as that of a positive 
electrode material reduces the filling rate of a positive-elec 
trode active material into a positive-electrode plate (current 
collector of the positive electrode), thus disadvantageously 
limiting battery capacity. In the case where the amount of 
mercury intruded is less than the lower limit of the above 
range, pores among particles are excessively small. When a 
battery including the powder of the lithium transition-metal 
compound of the present invention as that of a positive 
electrode material is produced, lithium diffusion among par 
ticles is inhibited, thereby degrading load characteristics. 
0472. In the powder of the lithium transition-metal com 
pound of the present invention, when a pore-size distribution 
curve is measured by mercury intrusion porosimetry 
described above, a specific main peak described below is 
usually observed. 
0473. The definitions of “pore-size distribution curve”, 
"pore-size distribution curve according to the present inven 
tion”, “main peak”, “sub-peak', and “peak top' are as 
described above. 

<Main Peakd 

0474 The peak top of the main peak in the pore-size 
distribution curve according to the present invention is 
observed at a pore radius of usually 300 nm or more, prefer 
ably 350 nm or more, and most preferably 400 nm or more, 
and usually 1,000 nm or less, preferably 980 nm or less, more 
preferably 970 nm or less, still more preferably 960 nm or 
less, and most preferably 950 nm or less. In the case where the 
peak top is observed at a pore radius exceeding the upper limit 
of the above range, when a battery including Such a powder of 
the lithium transition-metal compound of the present inven 
tion as that of a positive-electrode material is produced, load 
characteristics may be degraded because of inhibition of 
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lithium diffusion in the positive electrode or the lack of con 
ductive paths. In the case where the peak top is observed at a 
pore radius of less than the lower limit in the above range, 
when a battery including such a powder of the lithium tran 
sition-metal compound of the present invention as that of a 
positive-electrode material is produced, the filling rate of the 
positive-electrode active material into a positive-electrode 
plate (current collector of the positive electrode) may be 
limited because of an increase in the amounts of conductive 
material and binder required, thereby limiting battery capac 
ity. Furthermore, such particles have smaller diameters. Thus, 
a coating layer including the particles is hard or brittle and is 
likely to detach from the positive electrode during a winding 
step in the battery production process. 
0475. In the pore-size distribution curve according to the 
present invention, the pore Volume of the main peak with a 
peak top that is presentata pore radius of 300 nm to 1,000 nm 
is usually 0.4 cm/g or more, preferably 0.41 cm/g or more, 
more preferably 0.42 cm/g or more, and most preferably 
0.43 cm/g or more, and usually 1 cm/g or less, preferably 
0.8 cm/g or less, more preferably 0.7 cm/g or less, and most 
preferably 0.6 cm/g or less. In the case where the pore 
Volume exceeds the upper limit of the above range, pores are 
excessively large. In this case, the use of such a powder of the 
lithium transition-metal compound of the present invention as 
that of a positive-electrode material may reduce the filling 
rate of a positive-electrode active material into a positive 
electrode plate, thus disadvantageously limiting battery 
capacity. In the case where the pore Volume is less than the 
lower limit of the above range, pores among particles are 
excessively small. When a battery including such a powder of 
the lithium transition-metal compound of the present inven 
tion as that of a positive-electrode material is produced, 
lithium diffusion among secondary particles may be inhib 
ited, thereby reducing load characteristics. 

<Sub-Peaks 

0476. The pore-size distribution curve according to the 
present invention may have a plurality of Sub-peaks in addi 
tion to the main peak. In this case, preferably, the Sub-peaks 
are not observed in the pore-radius range of 80 nm to 300 nm. 

<Bulk Density> 
0477. The bulk density of the powder of the lithium tran 
sition-metal compound of the present invention is usually 0.5 
g/cc or more, preferably 0.6 g/cc or more, more preferably 0.7 
g/cc or more, and most preferably 0.8 g/cc or more, and 
usually 1.7 g/cc or less, preferably 1.6 g/cc or less, more 
preferably 1.5 g/cc or less, and most preferably 1.3 g/cc or 
less. A bulk density exceeding the upper limit is preferred in 
order to improve powder packing and the density of the elec 
trode but may result in an excessively small specific Surface 
area to degrade battery performance. A bulk density of less 
than the lower limit may adversely affect powderpacking and 
electrode preparation. 
0478. The bulk density is measured as described above. 

<Volume Resistivity> 
0479. The lower limit of the volume resistivity of the pow 
der of the lithium transition-metal compound of the present 
invention, the powder being compacted at a pressure of 40 
MPa, is preferably 1x10 S2 cm or more, more preferably 
5x10 S2 cm or more, and stillmore preferably 1x10'S2 cm or 
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more. The upper limit of the volume resistivity is preferably 
1x10 S2 cm or less, more preferably 5x10 G2cm or less, and 
more preferably 1x10 S2 cm or less. A volume resistivity 
exceeding the upper limit may degrade load characteristics of 
a battery including the compound. A Volume resistivity of less 
than the lower limit may degrade the safety etc. of a battery 
including the compound. 
0480. The volume resistivity is measured as described 
above. 

<Crystal Structure> 
0481 Preferably, the powder of the lithium transition 
metal compound of the present invention mainly contains a 
lithium-nickel-manganese-cobalt composite oxide having a 
crystal structure assigned to a layered structure. 
0482. A typical crystal system of the layered compounds 
having the C-NaFeO type structure described above is a 
hexagonal system that is assigned to the space group “R(-3)m 
layered structure' on the basis of symmetry thereof. 
0483 The structure of the layered LiMeO is not limited to 
the R(-3)m layered structure as described above. 

<Composition> 

0484 The powder of the lithium transition-metal com 
pound of the present invention is preferably a powder of a 
lithium transition-metal compound represented by the com 
position formula (I") described below. 

LiMO (I") 

where M represents Li, Ni, and Mn, or M represents Li, Ni, 
Mn, and Co. The Mn/Ni molar ratio is usually 0.8 or more, 
preferably 0.82 or more, more preferably 0.85 or more, still 
more preferably 0.88 or more, and most preferably 0.9 or 
more, and usually 5 or less, preferably 4 or less, more pref 
erably 3 or less, still more preferably 2.5 or less, and most 
preferably 1.5 or less. The Co/(Mn+Ni+Co) molar ratio is 
usually 0 or more, preferably 0.01 or more, more preferably 
0.02 or more, still more preferably 0.03 or more, and most 
preferably 0.05 or more, and usually 0.30 or less, preferably 
0.20 or less, more preferably 0.15 or less, still more preferably 
0.10 or less, and most preferably 0.099 or less. The ratio of Li 
to M is 0.001 or more, preferably 0.01 or more, more prefer 
ably 0.02 or more, still more preferably 0.03 or more, and 
most preferably 0.05 or more, and usually 0.2 or less, prefer 
ably 0.19 or less, more preferably 0.18 or less, still more 
preferably 0.17 or less, and most preferably 0.15 or less. 
0485. In the composition of the formula (I") described 
above, the atomic proportion of oxygen is described as two 
for convenience but may be slightly nonstoichiometric. If 
there is nonstoichiometry, the atomic proportion of oxygen is 
usually in the range of 2+0.2, preferably 2+0.15, more pref 
erably 2+0.12, still more preferably 2+0.10, and particularly 
preferably 2+0.05. 
0486 The powder of the lithium transition-metal com 
pound of the present invention is preferably fired at a high 
temperature in an oxygen-containing gas atmosphere in order 
to enhance the crystallinity of the positive-electrode active 
material. In particular, for the lithium-nickel-manganese-co 
balt composite oxide having the composition represented by 
the composition formula (I"), the lower limit of the firing 
temperature is usually 970° C. or more, preferably 975° C. or 
more, more preferably 980°C. or more, still more preferably 
985°C. or more, and most preferably 990° C. or more. The 
upper limit of the firing temperature is usually 1200° C. or 
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less, preferably 1,175° C. or less, more preferably 1,150° C. 
or less, and most preferably 1,125°C. or less. An excessively 
low firing temperature forms a heterophase and increases 
lattice distortion due to an insufficiently-developed crystal 
structure. Furthermore, the specific Surface area is too large. 
An excessively high firing temperature results in excessively 
grown primary particles, so that sintering proceeds exces 
sively between particles, thereby resulting in an excessively 
Small specific Surface area. 

<Carbon Content C> 

0487. The carbon content C (% by weight) of the powder 
of the lithium transition-metal compound of the present 
invention is usually 0.005% by weight or more, preferably 
0.01% by weight or more, more preferably 0.015% by weight 
or more, and most preferably 0.02% by weight or more, and 
usually 0.05% by weight or less, preferably 0.045% by 
weight or less, more preferably 0.04% by weight or less, and 
most preferably 0.035% by weight or less. A carbon content 
C of less than the lower limit may degrade battery perfor 
mance. A carbon content C exceeding the upper limit may 
increase the expansion of a battery including Such a powder 
due to gas generation and degrade battery performance. 
0488. In the present invention, the powder of the lithium 
transition-metal compound is determined as described above. 
0489. The carbon content of the powder of the lithium 
transition-metal compound determined by carbon analysis 
described below can be regarded as an indicator of informa 
tion about the amount of a carbonate compound, in particular, 
lithium carbonate attached. The reason for this is as follows: 
a carbonate ion concentration calculated on the assumption 
that the amount of carbon determined by carbon analysis is 
completely derived from carbonate ions agrees Substantially 
with a carbonate ion concentration determined by ion chro 
matography. 
0490. In the case where the powder is combined with 
conductive carbon in order to further enhance electron con 
ductivity, a C content outside the specified range described 
above may be detected. The C value when such treatment is 
performed is not limited to the specified range described 
above. 

<Preferred Composition> 
0491. In the powder of the lithium transition-metal com 
pound for a positive-electrode material in a lithium secondary 
battery according to the present invention, M in the compo 
sition formula (I") is particularly preferably represented by 
the formula (II): 

M-Li (22) (Nily) 2Mn(1-y2) - Co. 2 (2-) (II") 
where 
0492 Osx"s0.1, 
0493 –0.1sy"s0.1, and 
0494 (1-x")(0.05-0.98y")sz"s(1-x")(0.20-0.88y"). 
0495. In the formula (II"), thex" value is 0 or more, pref 
erably 0.01 or more, more preferably 0.02 or more, still more 
preferably 0.03 or more, and most preferably 0.04 or more, 
and usually 0.1 or less, preferably 0.099 or less, and most 
preferably 0.098 or less. 
0496 The y" value is usually -0.1 or more, preferably 
-0.05 or more, more preferably -0.03 or more, and most 
preferably -0.02 or more, and usually 0.1 or less, preferably 
0.05 or less, more preferably 0.03 or less, and most preferably 
0.02 or less. 
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