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FIG . 4 

Adding reactants such as metal sait aqueous solution 
basic aqueous solution and aqueous ammonia solution 

Rotating inner cylinder to mix reactants 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Continuously adding reactants 
to reactant inlet during mixing 
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Obtaining reaction product - containing solution 



U . S . Patent Oct . 3 , 2017 Sheet 4 of 20 US 9 , 776 , 886 B2 

FIG . 5 



W 

US 9 , 776 , 886 B2 

issed ost 

. 

. 

. 

. . . . . 

3 

* 

* 

* 

* 

* 

* * * * * 

* 

* 

* * * * * * * 

* 

* * 

* * * * * * * * * * * * * . . - . - . - 08 

- - - - - - 3 

- 

- 

* * * . 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * 

* * * * * 

* 

* 

* * * * * * * * * 222 * * 

. . 

. . . : . 

. 

. 

. : : : 

: : : : : : : 

: : : 

: : 

: 

: : : : : : : 

: : : : : 

: 7777 

7 

: - : ; : . 

, 

. 47nis . 

. . : 

: : : : : 

: 

: 

: : : : 

: : : : : : : : : : : 

: : 

: : 

: 

: : : 

* . , viriiiiiiii 

i 

iiiiiiiii : . 

: . ' . ' iiiiiiiiiiiiiii : 

. . 

. . . . . , i . 

in ' ; 

, 

risiri niin , ' , r ' viirir . : : : nisisi . . . ir 

i . iiiii , , risiriiiiiii 

: : . . . : 

: 

: : 

' ' ' 

' 

' ' 

' ' 

' 

' 

' 

' ' 

' ' 

' 

' ' 

' ' ' ' 

' ' 

. 

' ' . . 

. ' . 

T 

: 1 

: 

1 . " . . 

. 

. 

7 

: 1 

1 

1 

Müro 

i 

n 

- . . - . . 

. . 

. 

. 

. . 

. . . . , 

; 

. , . ' ii 

i 

i 

. . . . . . . . ' . ' ; : 

: . 

: 

. : . . 

. . 

. . . . 

. 

. . . . . . . . . . 

. 

. . 

. . . . . 

. . . 

. . . . . . . 

. . . 

. . . 

. 

Erisiis 
. . 

. . 

. . 

. . . . 

. . . . 

. . 

Sheet 5 of 20 

n ' . ' ' ' . . ' . ' . ; . ' . 1 ' ' : ; ' ' 

, ' ' , 

' 1 ' ' . ; . ' : 

' ' : ' 1 ' - . ' . 

iii , ' : ' : : . . 1 . . ' 

' . . ' 

, ' ' ' ' 

Hi , I ' . ' . ' 

. ' ii ' iii ' iii . 

' 

' , m , ' 

; ' i 

l i 

' 7 : ; ' , . ' . 1 ' : ; ' ; . ' . ' ii ' ii 

iiini ' i ' 1 . ' . ' . 

. . . ' . 

' ' 

. . . . 

1 . * * * 

* 

* * 

* * 

' 

. . . . 

* 

Peride canadix 
miminnan 

ri 
. . 

. . . . . 

. . 

. 

. . 

. . . 

. . 

. . . 

. . . . 

. . . . . . 

. 

. 

0 

' ' , ' ' , ' ' , ' 

E 

' 

: 

' ' ' 

' ' ' ' ' 

' ' . ' . . . 

. 

. 

. 

. 

' ' ' 

' ' ' 

. ' . ' 

. ' . ' 

. ' 

. ' 

. ' 

. ' . 

Oct . 3 , 2017 

. com glo . . . . . . . . 

. 

. 

* . . * * 

. * * 

* 

* 

. * * * 

. . . 

. * 

* . . 

* 

* . . * * . . . * 

. 

* * 

. * 

* 

* 

. 

* 

. 

. . 

* 

10 Channes 

U . S . Patent 

FIG . 6 



U . S . Patent Oct . 3 , 2017 Sheet 6 of 20 US 9 , 776 , 886 B2 

FIG . 7 

vi 



U . S . Patent Oct . 3 , 2017 Sheet 7 of 20 US 9 , 776 , 886 B2 

FIG . 8 

? ? 

* * * * * * * * * * * 



U . S . Patent Oct . 3 , 2017 Sheet 8 of 20 US 9 , 776 , 886 B2 

FIG . 9 

W 



U . S . Patent Oct . 3 , 2017 Sheet 9 of 20 US 9 , 776 , 886 B2 

FIG . 10 



U . S . Patent Oct . 3 , 2017 Sheet 10 of 20 US 9 , 776 , 886 B2 

FIG . 11 



U . S . Patent Oct . 3 , 2017 Sheet 11 of 20 US 9 , 776 , 886 B2 

FIG . 12 



U . S . Patent Oct . 3 , 2017 Sheet 12 of 20 US 9 , 776 , 886 B2 

FIG . 13 

: 



U . S . Patent Oct . 3 , 2017 Sheet 13 of 20 US 9 , 776 , 886 B2 

FIG . 14 

* * * * 



U . S . Patent Oct . 3 , 2017 Sheet 14 of 20 US 9 , 776 , 886 B2 

FIG . 15 

? ? ? 
4 . 1 . 5 * * 



U . S . Patent Oct . 3 , 2017 Sheet 15 of 20 US 9 , 776 , 886 B2 

FIG . 16 



U . S . Patent Oct . 3 , 2017 Sheet 16 of 20 US 9 , 776 , 886 B2 

FIG . 17 



U . S . Patent Oct . 3 , 2017 Sheet 17 of 20 US 9 , 776 , 886 B2 

FIG . 18 

* * * 

in 



U . S . Patent Oct . 3 , 2017 Sheet 18 of 20 US 9 , 776 , 886 B2 

FIG . 19 

W 
W 



U . S . Patent Oct . 3 , 2017 Sheet 19 of 20 US 9 , 776 , 886 B2 

FIG , 20 



U . S . Patent Oct . 3 , 2017 Sheet 20 of 20 US 9 , 776 , 886 B2 

FIG , 21 

? 



US 9 , 776 , 886 B2 

APPARATUS FOR PREPARING CATHODE synthesis temperature should be high . Diffusion distance 
ACTIVE MATERIAL PRECURSOR FOR between raw materials is large , thus causing an increase in 
LITHIUM SECONDARY BATTERIES AND thermal treatment time . Furthermore , thermal treatment and 
METHOD FOR PREPARING THE SAME grinding processes should be performed several times in 

USING THE APPARATUS 5 order to control homogeneity during synthesis . 
In order to solve these problems of solid method , a variety 

This application is a divisional of application Ser . No . of synthesis methods such as low - temperature synthesis , 
13 / 605 , 536 filed on Sep . 6 , 2012 , now abandoned , all of liquid reaction of raw materials or a method for synthesizing 
which is herehv exnressly incorporated by reference into the lithium metal oxide including preparing a homogeneous 
present application . 10 precursor from a liquid and thermally treating the precursor 

are researched . 
FIELD OF THE INVENTION Researched representative solid methods include a sol - gel 

method , a co - precipitation method , hydrothermal synthesis , 
The present invention relates to an apparatus and a ion exchange reaction under hydrothermal conditions , 

method for preparing a cathode active material precursor for 15 mechanical alloying , ultrasonic spray pyrolysis , reflux reac 
lithium secondary batteries . More specifically , the present tion and the like . 
invention relates to an apparatus for preparing a cathode variety of methods for preparing multi - component 
active material precursor for lithium secondary batteries , metal oxide - based cathode active material precursors were 
comprising : a cylindrical outer chamber ; an inner cylinder suggested . However , co - precipitation using multi - compo 
that has the same central axis as the outer chamber and is 20 nent metal salts such as nickel , cobalt , manganese and 
mounted to rotatably move along the central axis ; an electric aluminum as starting materials is considered to be the most 
motor to transfer power to rotate the inner cylinder ; a economic and practically applicable method . 
reactant inlet disposed on the outer chamber to add reactants However , co - precipitation has disadvantages in that it is 
to a space between the outer chamber and the inner cylinder ; difficult to prepare particles having a uniform size , since 
and an outlet disposed in the outer chamber to obtain 25 multi - component precursors prepared by co - precipitation 
reaction products after reaction in a space between the outer contain a great amount of fine particles with a wide particle 
chamber and the inner cylinder , and a method for preparing size distribution due to long retention time in a continuous 
a cathode active material precursor for lithium secondary stirred - tank reactor ( CSTR ) , and the precursors contain a 
batteries using the apparatus . great amount of alkali salts as by - products produced during 

30 co - precipitation . 
BACKGROUND OF THE INVENTION The inventors of the present invention researched an 

apparatus and a method for preparing a cathode active 
Rapid development of electronic , communication and material precursor for lithium secondary batteries using 

computer industries has brought about remarkable develop - co - precipitation for preparation of cathode active material 
ment of camcorders , cellular phones , notebook computers 35 precursors for lithium secondary batteries , capable of 
and the like . Accordingly , demand for lithium secondary obtaining uniform particles and performing processes with 
batteries as power sources capable of driving portable tele superior reproducibility . The present inventors discovered 
communication equipment is gradually increasing . In par that aggregation of crystal particles for a short reaction 
ticular , research and development associated with applica - period of time is facilitated and cathode active material 
tions such as electric vehicles , eco - friendly power sources , 40 precursors for lithium secondary batteries can be prepared in 
uninterrupted power supplies , electrically - drive tools and the form of uniform particles by using a double cylindrical 
artificial satellites is underway in Korea as well as Japan , rotation crystallizer for preparing the cathode active material 
Europe , the U . S . and the like . precursors for lithium secondary batteries according to the 

Cathode active materials for lithium secondary batteries present invention and the method for preparing the cathode 
generally use lithium cobalt oxide ( LiCo0 , ) , but lithium 45 active material precursors using the apparatus . The present 
nickel oxide ( Li ( Ni - Co - A1 ) 02 ) , lithium composite metal invention has been completed based on this discovery . 
oxide ( Li ( Ni - Co - Mn0 , ) and the like are used as other 
layered cathode active materials . Further , spinel lithium SUMMARY OF THE INVENTION 
manganese oxide ( LiMn204 ) and olivine iron phosphate 
lithium ( LiFePO4 ) having a low cost and superior stability 50 It is one object of the present invention to provide an 
also attract much attention . apparatus and a method for preparing a cathode active 

Regarding a method for synthesizing these substances , material precursor for lithium secondary batteries , in which 
industrial lithium cobalt oxide ( LiCo02 ) is synthesized reaction time is shortened and aggregation of crystal par 
using a solid synthesis method in which raw materials are ticles is facilitated in the preparation of a cathode active 
mostly synthesized by solid reaction at 800 to 1 , 000° C . C . 55 material precursor for lithium secondary batteries , to obtain 
The reason is that a solid method generally uses cheap raw particles with a uniform size and thereby enable mass 
materials such as oxides , hydroxides or carbonates of metals production and impart superior properties to the cathode 
is suitable for mass - production and exhibits substantially active material precursor for lithium secondary batteries . 
superior cycle properties . In accordance with one aspect of the present invention , 

In general , a solid method comprises mixing lithium and 60 provided is an apparatus for preparing a cathode active 
cobalt as raw materials to prepare a pellet of a mixture , material precursor for lithium secondary batteries , includ 
thermally treating the pellet in the air at 800 to 1 , 000° C . for ing : a cylindrical outer chamber ; an inner cylinder that has 
20 to 24 hours , and grinding the pellet . Also , the ground the same central axis as the outer chamber and is mounted 
oxide is prepared into a pellet again and is then repeatedly to rotatably move along the central axis ; an electric motor to 
subjected to thermal treatment and grinding processes . 65 transfer power to rotate the inner cylinder ; a reactant inlet 
However , as can be seen from the synthesis method , since disposed on the outer chamber , to add reactants to a space 

this method requires solid reaction of raw materials , a between the outer chamber and the inner cylinder , and an 
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outlet disposed in the outer chamber , to obtain ( pull out ) phosphate , containing at least one metal selected from the 
reaction products after reaction in a space between the outer group consisting of cobalt ( Co ) , manganese ( Mn ) , nickel 
chamber and the inner cylinder . ( Ni ) , aluminum ( Al ) , magnesium ( Mg ) , copper ( Cu ) , zinc 

In one embodiment of the present invention , the cylin - ( Zn ) , iron ( Fe ) , vanadium ( V ) , chromium ( Cr ) , titanium ( Ti ) , 
drical outer chamber may be fixed . In this case , the outer 5 tungsten ( W ) and molybdenum ( Mo ) . 
chamber and the inner cylinder may be spaced from each In one embodiment of the present invention , in step 2 , the 
other along the central axis by a predetermined distance . inner cylinder was rotated at a speed of 10 to 5 , 000 rpm and 

The distance between the outer chamber and the inner the reactants are mixed at a temperature of 30 to 60° C . and 
cylinder corresponds to a length in the central axial direction at a pH 10 to 12 . 
of each vortex cell in the form of ring pairs that rotates in 10 In one embodiment of the present invention , the reaction 
opposite directions along the central axial direction due to product - containing solution of the reactants obtained 
rotational motion of the inner cylinder . Also , in a specific through the outlet in step 3 is obtained by mixing for an 
embodiment of the present invention , the central axis may be average retention time of 10 seconds to 5 hours . 
disposed in a horizontal direction with respect to the ground . 

In one embodiment of the present invention , a length of 15 BRIEF DESCRIPTION OF THE DRAWINGS 
the cylindrical outer chamber may be 10 to 1 , 000 cm , a 
distance ( d ) between a radius ( rl ) of the outer chamber and The above and other objects , features and other advan 
a radius ( r2 ) of the inner cylinder is 0 . 1 to 100 cm , and the tages of the present invention will be more clearly under 
inner cylinder may be rotated at 10 to 5 , 000 rpm . stood from the following detailed description taken in con 

In one embodiment of the present invention , one or more 20 junction with the accompanying drawings , in which : 
reactant inlets may be mounted on the front end of the outer FIG . 1 is a side sectional view illustrating an apparatus for 
chamber , to inject the reactants required for preparation of preparing a cathode active material precursor for lithium 
the cathode active material precursor for lithium secondary secondary batteries according to one embodiment of the 
batteries . present invention ; 

In one embodiment of the present invention , a plurality of 25 FIG . 2 is a view illustrating , by an arrow , a flow state , such 
outlets may be formed along the central axial direction . as vortex , of fluids generated while fluids flow in the space 
Specifically , the plurality of outlets may be mounted on the between the outer chamber and the inner cylinder in an 
outer chamber in parallel to the reactant inlet in an axial apparatus for preparing a cathode active material precursor 
direction and may be spaced from the reactant inlet by a for lithium secondary batteries according to the present 
predetermined distance . 30 invention ; 

In one embodiment of the present invention , the reactant FIG . 3 is a schematic view illustrating an apparatus for 
inlet is formed on the side end of the outer chamber , and the preparing a cathode active material precursor for lithium 
reactant inlet and the outlets may be formed on the outer secondary batteries according to one embodiment of the 
chamber by a predetermined distance . present invention having a configuration in which a reactant 

In one embodiment of the present invention , the inner 35 flow control pump and aqueous solution storage tanks are 
cylinder includes protrusions on the outer surface to facili - connected to a reactant inlet ; 
tate mixing of reactants . FIG . 4 is a flowchart illustrating a process for preparing 

In accordance with another aspect of the present inven - the cathode active material precursor for lithium secondary 
tion , provided is a method for preparing a cathode active batteries according to the present invention ; 
material precursor for lithium secondary batteries using the 40 FIGS . 5 , 7 and 8 are scanning electron microscopy images 
apparatus for preparing a cathode active material precursor obtained at different magnifications of cathode active mate 
for lithium secondary batteries . rial precursors ( MnNiCo ( OH ) 2 ) for lithium secondary bat 

The method according to the present invention comprises : teries that are prepared by reacting and crystallizing for 
adding reactants containing a metal salt aqueous solution , a average retention times of 10 minutes , 20 minutes and 30 
basic aqueous solution and an aqueous ammonia solution to 45 minutes in Example 1 of the present invention , and FIG . 6 
a reactant inlet ( step 1 ) ; rotating the inner cylinder to form is a graph showing analysis results of a particle size distri 
ring - shaped vortex pairs that rotate in opposite directions bution of cathode active material precursors ( MnNiCo 
along the central axial direction and to mix the reactants in ( OH ) ) for lithium secondary batteries prepared in Example 
the space between the outer chamber and the inner cylinder 1 ( average retention time of 10 minutes ) ; 
after addition of the reactants in step 1 ( step 2 ) ; obtaining a 50 FIGS . 9 to 11 are scanning electron microscopy images 
reaction product - containing solution of the reactants mixed , obtained at different magnifications of cathode active mate 
while the reactants moving in the axial direction of the outer rial precursors ( MnNiCO ( OH ) 2 ) for lithium secondary bat 
chamber in step 2 from the outlet ( step 3 ) ; and drying the teries that are prepared by reacting and crystallizing for 
reaction product - containing solution obtained in step 3 and average retention times of 10 minutes , 20 minutes and 30 
oxidizing the same in the air ( step 4 ) . 55 minutes in Example 2 of the present invention ; 

Step 2 may further comprise continuously adding the FIG . 12 is a scanning electron microscopy image obtained 
reactants through the reactant inlet during mixing in the at different magnifications of a cathode active material 
space between the outer chamber and the inner cylinder . precursor ( MnNiCO ( OH ) 2 ) for lithium secondary batteries 

In one embodiment of the present invention , in step 1 , the that is prepared by reacting and crystallizing for an average 
metal salt aqueous solution is a metal salt aqueous solution 60 retention time of 30 minutes in Example 3 of the present 
in which a metal salt containing at least one metal selected invention ; 
from the group consisting of cobalt ( Co ) , manganese ( Mn ) , FIGS . 13 to 15 are scanning electron microscopy images 
nickel ( Ni ) , aluminum ( Al ) , magnesium ( Mg ) , copper ( Cu ) , obtained at different magnifications of cathode active mate 
zinc ( Zn ) , iron ( Fe ) , vanadium ( V ) , chromium ( Cr ) , titanium rial precursors ( MnNiCO ( OH ) , ) for lithium secondary bat 
( Ti ) , tungsten ( W ) and molybdenum ( Mo ) is dissolved at a 65 teries that are prepared by reacting and crystallizing for 
concentration of 0 . 5M to 4M in water , and the metal salt may average retention times of 10 minutes , 20 minutes and 30 
be a metal salt , such as sulfate , nitrate , acetate , chlorate or minutes in Example 4 of the present invention ; 
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FIGS . 16 to 18 are scanning electron microscopy images The inner cylinder 120 may rotate in the space between 
obtained at different magnifications of cathode active mate the outer chamber 110 and the inner cylinder 120 to enable 
rial precursors ( MnNiCo ( OH ) 2 ) for lithium secondary bat reaction of the metal salt aqueous solution , the basic aqueous 
teries that are prepared by reacting and crystallizing for solution and the ammonia aqueous solution , and the rotation 
average retention times of 10 minutes , 20 minutes and 30 5 speed is preferably 10 to 5 , 000 rpm and is not limited 
minutes in Example 5 of the present invention ; and thereto . 

FIGS . 19 to 21 are scanning electron microscopy images The power to rotate the inner cylinder 120 may be applied 
obtained at different magnifications of cathode active mate from a direct electric motor 130 connected to the inner 
rial precursors ( MnNiCO ( OH ) 2 ) for lithium secondary bat cylinder 120 and a rotation speed may be controlled using a teries that are prepared by reacting and crystallizing for 10 direct current voltage controller . During rotation of the inner average retention times of 10 minutes , 20 minutes and 30 cylinder 120 , outside the rotational axis may be sealed with minutes in Example 6 of the present invention . a sealing means such as O - ring in order to block air injected 

DETAILED DESCRIPTION OF PREFERRED into the gap between the rotational axis and the bearing . 
EMBODIMENTS FIG . 2 is a view illustrating , by an arrow , a flow state , such 

as vortex , of fluids generated while the fluids flow in the 
Hereinafter , the present invention will be described in space between the outer chamber 110 and the inner cylinder 

detail . 120 in an apparatus for preparing a cathode active material 
The present invention relates to an apparatus for preparing precursor for lithium secondary batteries 100 according to 

a mono - component or multi - component metal oxide - based 20 the present invention . 
cathode active material precursor , comprising : a cylindrical Referring to FIG . 2 , when a reactants - mixed solution such 
outer chamber ; an inner cylinder that has the same central as an aqueous metal salt solution , a basic aqueous solution 
axis as the outer chamber and is mounted to rotatably move and an aqueous ammonia solution flows between the outer 
along the central axis ; an electric motor to transfer power to chamber 110 and the inner cylinder 120 , the inner cylinder 
rotate the inner cylinder ; a reactant inlet disposed on the 25 120 rotates , thereby forming vortex cells in an axial direc 
outer chamber , to add reactants to a space between the outer tion . The vortex cells make mixing in a radial direction more 
chamber and the inner cylinder ; and an outlet disposed in the dominant than mixing in the axial direction in the apparatus 
outer chamber , to obtain reaction products after reaction in for preparing a cathode active material precursor for lithium 
a space between the outer chamber and the inner cylinder . secondary batteries 100 of the present invention . 

The cathode active material precursor for lithium second - 30 When flow in the axial direction is present , mixing 
ary batteries prepared using the apparatus for preparing the between vortex cells occurs , but fluids close to the inner 
cathode active material precursor for lithium secondary cylinder 120 tend to flow in the fixed direction of the outer 
batteries according to the present invention may be in the chamber 110 due to centrifugal force . Unstable fluids form 
form of uniform particles and can be obtained at a high yield a pair of ring - shaped vortexes that rotate in opposite direc 
within a short time as compared to a case of using a 35 tions along the axial direction . 
conventional preparation apparatus , thus realizing mass - Such a vortex region is formed when the rotational speed 
production of cathode active material precursors for lithium of the inner cylinder 120 is a critical value or more . When 
secondary batteries with superior properties . the inner cylinder 120 rotates at 100 rpm or more in one 

The apparatus for preparing a cathode active material embodiment of the present invention , vortexes of fluids 
precursor for lithium secondary batteries will be described 40 between the outer chamber 110 and the inner cylinder 120 
with reference to the annexed drawings in detail . may be formed . 

FIG . 1 is a side sectional view illustrating an apparatus for The vortexes of fluids between the outer chamber 110 and 
preparing a cathode active material precursor for lithium the inner cylinder 120 shown in FIG . 2 are composed of 
secondary batteries 100 according to one embodiment of the ring - shaped vortex pairs that rotate in opposite directions , 
present invention . 45 and the length of cells in the axial direction is substantially 

Referring to FIG . 1 , a rotatable inner cylinder 120 is equivalent to or same as the distance between the inner 
mounted in a fixed cylindrical outer chamber 110 . The inner cylinder 120 and the outer chamber 110 . 
cylinder 120 has a smaller diameter than the diameter of the As such , in the apparatus for preparing a cathode active 
outer chamber 110 to form a space between the outer material precursor for lithium secondary batteries 100 of the 
chamber 110 and the inner cylinder 120 and a metal salt 50 present invention , as the inner cylinder 120 rotates , the 
aqueous solution , a basic aqueous solution and an ammonia vortex pairs are formed , flow is highly regular and uniform 
aqueous solution react in the space when the inner cylinder mixing is obtained . As a result , uniform mixing conditions 
rotates , to prepare a mono - component metal oxide - based or can be obtained . 
multi - component metal oxide - based cathode active material Accordingly , using the apparatus 100 for preparing a 
precursor , for example , CO ( OH ) 2 , Ni ( OH ) 2 , Mn ( OH ) 2 , 55 cathode active material precursor for lithium secondary 
MnNiCO ( OH ) 2 or the like . batteries of the present invention , it is possible to prepare a 

Preferably , materials for the cylindrical outer chamber cathode active material precursor for lithium secondary 
110 and the inner cylinder 120 may be selected from acryl , batteries between the outer chamber 110 and the inner 
stainless steel and the like , and the cylindrical outer chamber cylinder 120 with a uniform particle size by reacting a mixed 
110 and the inner cylinder 120 are mounted in a horizontal 60 solution such as a metal salt aqueous solution , a basic 
direction in order to reduce effects on variation in pressure aqueous solution , or an aqueous ammonia solution . 
when a fluid between the outer chamber 110 and the inner The apparatus 100 for preparing a cathode active material 
cylinder 120 flows . precursor for lithium secondary batteries of the present 

In one embodiment of the present invention , a difference invention is provided at the front end of the cylindrical outer 
( d ) between a radius ( rl ) of the cylindrical outer chamber 65 chamber 110 with a reactant inlet 140 through which reac 
110 and a radius ( r2 ) of the inner cylinder 120 is preferably tants , such as aqueous metal salt solution , basic aqueous 
0 . 1 to 100 cm and is not limited thereto . solution , or aqueous ammonia solution , are injected . One or 
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more reactant inlets 140 may be provided at the front end of 153 provided on the outer chamber 110 may be changed 
the outer chamber 110 , if those skilled in the art desire . according to the necessity of those skilled in the art . 

As shown in FIG . 3 , the apparatus 100 for preparing a In one embodiment of the present invention , the apparatus 
cathode active material precursor for lithium secondary 100 for preparing a cathode active material precursor for 
batteries of the present invention may further include a 5 lithium secondary batteries may further include a heat 
reactant flow control pump 170 to control flow of reactants exchanger on the outer chamber to control a reaction tem 
connected to the reactant inlet 140 . perature in the process of mixing reactants using vortexes in 

The reactant flow control pump 170 is disposed between the space between the outer chamber and the inner cylinder . 
storage tanks 180 , 181 and 182 to store an aqueous metal salt The heat exchanger may be a heat exchanger commonly 
solution , a basic aqueous solution and an aqueous ammonia 10 known in the art to which the present invention pertains . 
solution , and the reactant inlets 140 , to control flow of the Also , the present invention also provides a method for 
aqueous solution discharged from respective storage tanks preparing a cathode active material precursor for lithium 
180 , 181 and 182 . secondary batteries using the apparatus 100 for preparing a 

In one embodiment of the present invention , the aqueous cathode active material precursor for lithium secondary 
metal salt solution injected through the reactant inlet 140 15 batteries . 
may be an aqueous metal salt solution in which a metal salt The method for preparing the cathode active material 
containing at least one metal selected from the group con - precursor for lithium secondary batteries according to the 
sisting of cobalt ( Co ) , manganese ( Mn ) , nickel ( Ni ) , alumi - present invention includes : adding reactants containing a 
num ( Al ) , magnesium ( Mg ) , copper ( Cu ) , zinc ( Zn ) , iron metal salt aqueous solution , a basic aqueous solution and an 
( Fe ) , vanadium ( V ) , chromium ( Cr ) , titanium ( Ti ) , tungsten 20 aqueous ammonia solution to a reactant inlet 140 ( step 1 ) ; 
( W ) and molybdenum ( Mo ) is dissolved at a concentration rotating the inner cylinder 120 to mix the reactants in the 
of 1M to 4M in water , and the metal salt may be a metal salt space between the outer chamber 110 and the inner cylinder 
such as sulfate , nitrate , acetate , chlorate or phosphate con 120 after addition of the reactants in step 1 ( step 2 ) ; 
taining at least one metal selected from the group consisting obtaining a reaction product - containing solution of the reac 
of cobalt ( Co ) , manganese ( Mn ) , nickel ( Ni ) , aluminum 25 tants mixed , while the reactants moving in the axial direction 
( Al ) , magnesium ( Mg ) , copper ( Cu ) , zinc ( Zn ) , iron ( Fe ) , of the outer chamber 110 in step 2 from the outlets 151 , 152 
vanadium ( V ) , chromium ( Cr ) , titanium ( Ti ) , tungsten ( W ) and 153 ( step 3 ) ; and drying the reaction product - containing 
and molybdenum ( Mo ) . solution obtained in step 3 and oxidizing the same in the air 

In one embodiment of the present invention , the basic ( step 4 ) . 
aqueous solution may be a 1M to 8M sodium hydroxide 30 Step 2 may further include continuously injecting the 
( NaOH ) or potassium hydroxide ( KOH ) aqueous solution reactants through the reactant inlet 140 and moving the 
and the aqueous ammonia solution is preferably a 15 to 30 % mixed solution of the reactants in the axial direction of the 
aqueous ammonia solution ( NH , OH ) , but is not limited outer chamber 110 during mixing in the space between the 
thereto . outer chamber 110 and the inner cylinder 120 . 

As such , when a metal salt aqueous solution , a basic 35 FIG . 4 is a flowchart illustrating a process for preparing 
aqueous solution and an aqueous ammonia solution to the cathode active material precursor for lithium secondary 
prepare the mono - component metal oxide - based or multi - batteries according to the present invention . 
component metal oxide - based cathode active material pre - Hereinafter , the method for preparing the cathode active 
cursor is injected into the reactant inlet 140 and the inner material precursor for lithium secondary batteries according 
cylinder 120 is rotated , a vortex 160 is formed in the space 40 to the present invention will be described at respective steps 
between the outer chamber 110 and the inner cylinder 120 , in detail with reference to FIGS . 1 to 4 . 
reaction occurs , and the vortex 160 moves in the axial First , reactants containing a metal salt aqueous solution , a 
direction and reaction occurs , when the reactants are con - basic aqueous solution and an aqueous ammonia solution are 
tinuously injected ( see FIG . 2 ) . added to the reactant inlet 140 . The metal salt aqueous 

The apparatus 100 for preparing a cathode active material 45 solution may be a metal salt aqueous solution in which a 
precursor for lithium secondary batteries of the present metal salt containing at least one metal selected from the 
invention includes a plurality of outlets 151 , 152 and 153 group consisting of cobalt ( Co ) , manganese ( Mn ) , nickel 
provided on the cylindrical outer chamber 110 , to obtain ( Ni ) , aluminum ( Al ) , magnesium ( Mg ) , copper ( Cu ) , zinc 
final products obtained after reaction in the space between ( Zn ) , iron ( Fe ) , vanadium ( V ) , chromium ( Cr ) , titanium ( Ti ) , 
the outer chamber 110 and the inner cylinder 120 . 50 tungsten ( W ) and molybdenum ( Mo ) is dissolved at a 

In one embodiment of the present invention , the outlets concentration of 1M to 4M in water , and the metal salt may 
151 , 152 and 153 are disposed on the outer chamber such be a metal salt such as a sulfate , nitrate , acetate , chlorate or 
that the outlets are disposed in the reactant inlet 140 in phosphate containing at least one metal selected from the 
parallel in the axial direction and are spaced by a distance of group consisting of cobalt ( Co ) , manganese ( Mn ) , nickel 
10 to 20 cm from the reactant inlet 140 , but the disposition 55 ( Ni ) , aluminum ( Al ) , magnesium ( Mg ) , copper ( Cu ) , zinc 
of the outlets is not limited thereto . ( Zn ) , iron ( Fe ) , vanadium ( V ) , chromium ( Cr ) , titanium ( Ti ) , 

Referring to FIGS . 1 and 3 , the apparatus 100 for pre - tungsten ( W ) and molybdenum ( Mo ) . 
paring a cathode active material precursor for lithium sec The basic aqueous solution may be a 1 to 8M sodium 
ondary batteries according to one embodiment of the present hydroxide ( NaOH ) or potassium hydroxide ( KOH ) aqueous 
invention includes three outlets 151 , 152 and 153 . When the 60 solution and the aqueous ammonia solution may be a 15 to 
cathode active material precursor for lithium secondary 30 % aqueous ammonia solution ( NH4OH ) . 
batteries is obtained from one selected from among the three Then , after addition of the reactants in step 1 , the inner 
outlets 151 , 152 and 153 , the reaction products can be cylinder 120 is rotated to mix the reactants in the space 
obtained after the desired average retention time . between the outer chamber 110 and the inner cylinder 120 . 

In the apparatus 100 for preparing a cathode active 65 As such , the metal salt aqueous solution , the basic aqueous 
material precursor for lithium secondary batteries of the solution and the aqueous ammonia solution are injected 
present invention , the number of the outlets 151 , 152 and through the reactant inlet 140 , and the inner cylinder 120 is 
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rotated to mix the reactants in the space between the outer substitutions are possible , without departing from the scope 
chamber 110 and the inner cylinder 120 . and spirit of the invention as disclosed in the accompanying 

At this time , preferably , the inner cylinder 120 rotates at claims . 
a speed of 10 to 5 , 000 rpm and the reactants are mixed at a 
temperature of 30 to 60 r and at pH of 10 to 12 , but is not 5 Example 1 
limited thereto . 
As described above , in the apparatus 100 for preparing a A metal salt aqueous solution containing 1M cobalt 

cathode active material precursor for lithium secondary sulfate ( COSO4 ) , 1M nickel sulfate ( NiS4 ) and 1M man 
batteries of the present invention , when the inner cylinder ganese sulfate ( MnSO4 ) , 6M sodium hydroxide , 28 to 30 % 
120 rotates , a vortex 160 of fluids is formed in the space 10 of an aqueous ammonia solution were added at flow rates of 
between the outer chamber 110 and the inner cylinder 120 , 4 ml / min , 4 ml / min and 0 . 4 ml / min , respectively , to the 
flow is highly regular and uniform mixing occurs . When the reactant inlet 140 of the apparatus 100 for preparing a 
metal salt aqueous solution , the basic aqueous solution and cathode active material precursor for lithium secondary 
the aqueous ammonia solution are mixed in the space batteries , and the aqueous solutions were reacted and crys 
between the outer chamber 110 and the inner cylinder 120 , 15 tallized by rotating an inner cylinder 120 at 45° C . and at pH 
the metal salt aqueous solution reacts with the basic aqueous 10 to prepare MnNiCO ( OH ) 2 . 
solution , to obtain a cathode active material precursor with MnNiCo ( OH ) 2 obtained through the outlet 151 of the 
a uniform particle shape , based on mono - component metal apparatus 100 for preparing a cathode active material pre 
oxide or multi - component metal oxide such as Co ( OH ) 2 cursor for lithium secondary batteries was reacted and 
Ni ( OH ) 2 , Mn ( OH ) 2 , and MnNiCo ( OH ) 2 . crystallized for an average retention time of 10 minutes . The 

Then , during mixing in the space between the outer scanning electron microscopy image of MnNiCO ( OH ) , crys 
chamber 110 and the inner cylinder 120 , the reactants are tals is shown in FIG . 5 . MnNiCO ( OH ) 2 obtained through the 
continuously added through the reactant inlet 140 . The outlet 152 was reacted for an average retention time of 20 
apparatus 100 for preparing a cathode active material pre minutes and crystallized . The scanning electron microscopy 
cursor for lithium secondary batteries of the present inven - 25 image of MnNiCo ( OH ) , crystals is shown in FIG . 7 . MnNi 
tion enables continuous injection of the reactants , thereby CO ( OH ) , obtained through the outlet 153 was reacted for an 
continuously preparing the mono - component metal oxide average retention time of 30 minutes and crystallized . The 
based or multi - component metal oxide - based cathode active scanning electron microscopy image of MnNiCo ( OH ) 2 crys 
material precursor and obtaining final products at a high tals is shown in FIG . 8 . 
yield within a short time . 30 
As such , when the reactants are continuously added to the Example 2 

apparatus 100 for preparing a cathode active material pre 
cursor for lithium secondary batteries , a mixed solution of MnNiCO ( OH ) , was prepared in the same manner as in 
the reactants is crystallized through reaction and moves in Example 1 , except that the mixing of the metal salt aqueous 
the axial direction of the outer chamber 110 . 35 solution , the basic aqueous solution and the aqueous ammo 

Finally , the reaction product - containing solution that is nia solution was carried out at pH 11 . 
made while the reactants moving in the axial direction of the MnNiCo ( OH ) 2 obtained through the outlet 151 of the 
outer chamber 110 is obtained through the outlets 151 , 152 apparatus 100 for preparing a cathode active material pre 
and 153 . cursor for lithium secondary batteries was reacted for an 

The reaction product - containing solution obtained 40 average retention time of 10 minutes and crystallized . The 
through the outlets 151 , 152 and 153 may be obtained in the scanning electron microscopy image of MnNiCO ( OH ) , crys 
form of an aqueous solution containing a mono - component tals is shown in FIG . 9 . MnNiCO ( OH ) , obtained through the 
metal oxide - based or multi - component metal oxide - based outlet 152 was reacted for an average retention time of 20 
cathode active material precursor that is crystallized by minutes and crystallized . The scanning electron microscopy 
reaction for an average retention time of 0 . 5 to 2 hours in the 45 image of MnNiCO ( OH ) , crystals is shown in FIG . 10 . 
apparatus 100 for preparing a cathode active material pre MnNiCo ( OH ) 2 obtained through the outlet 153 was reacted 
cursor for lithium secondary batteries of the present inven for an average retention time of 30 minutes and crystallized . 
tion . The scanning electron microscopy image of MnNiCO ( OH ) , 

The finally obtained mono - component metal oxide - based crystals is shown in FIG . 11 . 
or multi - component metal oxide - based cathode active mate - 50 
rial precursor is obtained through the outlet selected from Example 3 
the plurality of outlets 151 , 152 and 153 , thereby obtaining 
a cathode active material precursor crystallized through MnNiCO ( OH ) , was prepared in the same manner as in 
reaction for the desired average retention time . Example 1 , except that the mixing of the metal salt aqueous 

Then , the aqueous solution containing the mono - compo - 55 solution , the basic aqueous solution and the aqueous ammo 
nent metal oxide - based or multi - component metal oxide nia solution was carried out at pH 12 . MnNiCO ( OH ) 2 
based cathode active material precursor is dried and oxi - obtained through the outlet 153 of the apparatus 100 for 
dized in the air to prepare a mono - component metal oxide preparing a cathode active material precursor for lithium 
based or multi - component metal oxide - based cathode active secondary batteries was reacted for an average retention 
material precursor in the form of a powder . 60 time of 30 minutes and crystallized . The scanning electron 

microscopy image of MnNiCO ( OH ) , crystals is shown in 
EXAMPLES FIG . 12 . 

Example 4 Hereinafter , preferred examples of the present invention 
will be provided . These examples are only provided to 65 
illustrate the present invention and those skilled in the art 
will thus appreciate that various modifications , additions and 

MnNiCO ( OH ) 2 was prepared in the same manner as in 
Example 1 , except that , in the process of mixing of the metal 
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salt aqueous solution , the basic aqueous solution and the As apparent from the fore - going , the present invention 
aqueous ammonia solution , the inner cylinder was rotated at provides an apparatus and a method for preparing a cathode 
1 , 000 rpm . active material precursor for lithium secondary batteries , in 
MnNiCo ( OH ) , obtained through the outlet 151 of the which reaction time is shortened and aggregation of crystal 

apparatus 100 for preparing a cathode active material pre - 5 particles is facilitated in the preparation of a cathode active 
cursor for lithium secondary batteries was reacted for an material precursor for lithium secondary batteries , to obtain 
average retention time of 10 minutes and crystallized . The particles with a uniform size and thereby enable mass 
scanning electron microscopy image of MnNiCo ( OH ) , crys production and impart superior properties to the cathode 
tals is shown in FIG . 13 . MnNiCO ( OH ) 2 obtained through oh active material precursor for lithium secondary batteries . 

10 The cathode active material precursor for lithium second the outlet 152 was reacted for an average retention time of ary batteries prepared according to the present invention has 20 minutes and crystallized . The scanning electron micros a uniform particle shape and improves density through copy image of MnNiCo ( OH ) 2 crystals is shown in FIG . 14 . suitable mixing , thus obtaining a higher capacity in the same MnNiCO ( OH ) 2 obtained through the outlet 153 was reacted volume of batteries . for an average retention time of 30 minutes and crystallized . minutes and crystallized . 15 Although the preferred embodiments of the present inven 
The scanning electron microscopy image of MnNiCO ( OH ) 2 tion have been disclosed for illustrative purposes those 
crystals is shown in FIG . 15 . skilled in the art will appreciate that various modifications , 

additions and substitutions are possible , without departing Example 5 from the scope and spirit of the invention as disclosed in the 
20 accompanying claims . 

MnNiCo ( OH ) 2 was prepared in the same manner as in The invention claimed is : 
Example 1 , except that , in the process of mixing the metal 1 . A method for preparing a cathode active material 
salt aqueous solution , the basic aqueous solution and the precursor for lithium secondary batteries using an apparatus 
aqueous ammonia solution , the inner cylinder was rotated at having a cylindrical outer chamber having a cylindrical 
300 rpm . 25 sidewall ; an inner cylinder that has the same central axis as 
MnNiCo ( OH ) obtained through the outlet 151 of the the outer chamber and is mounted to rotatably move along 

apparatus 100 for preparing a cathode active material pre the central axis ; an electric motor to transfer power to rotate 
cursor for lithium secondary batteries was reacted for an the inner cylinder ; a reactant inlet disposed on the outer 
average retention time of 10 minutes and crystallized . The chamber , to add reactants to a space between the outer 
scanning electron microscopy image of MnNiCo ( OH ) , crys - 30 chamber and the inner cylinder ; and an outlet disposed in the 
tals is shown in FIG . 16 . MnNiCO ( OH ) 2 obtained through outer chamber , to obtain reaction products after reaction in 
the outlet 152 was reacted for an average retention time of the space between the outer chamber and the inner cylinder , 
20 minutes and crystallized . The scanning electron micros - comprising : 
copy image of MnNiCO ( OH ) 2 crystals is shown in FIG . 17 . adding reactants containing a metal salt aqueous solution , 
MnNiCO ( OH ) 2 obtained through the outlet 153 was reacted 35 a basic aqueous solution and an aqueous ammonia 
for an average retention time of 30 minutes and crystallized . solution to a reactant inlet ( step 1 ) ; 
The scanning electron microscopy image of MnNiCO ( OH ) 2 rotating the inner cylinder to form ring - shaped vortex 
crystals is shown in FIG . 18 . pairs that rotate in opposite directions along the central 

axial direction and to mix the reactants in the space 
Example 6 between the outer chamber and the inner cylinder after 

addition of the reactants in step 1 ( step 2 ) ; 
MnNiCO ( OH ) , was prepared in the same manner as in obtaining a reaction product - containing solution of the 

Example 1 , except that , in the process of mixing the metal reactants mixed , while the reactants moving in the axial 
salt aqueous solution , the basic aqueous solution and the direction of the outer chamber in step 2 , from the outlet 
aqueous ammonia solution , the inner cylinder was rotated at 45 ( step 3 ) ; 
1500 rpm . removing the reaction product - containing solution 
MnNiCO ( OH ) 2 obtained through the outlet 151 of the through the cylindrical sidewall of the outer chamber ; 

apparatus 100 for preparing a cathode active material pre and 
cursor for lithium secondary batteries was reacted for an drying the reaction product - containing solution obtained 
average retention time of 10 minutes and crystallized . The 50 in step 3 and oxidizing the same in the air ( step 4 ) . 
scanning electron microscopy image of MnNiCO ( OH ) , crys - 2 . The method according to claim 1 , wherein step 2 
tals is shown in FIG . 19 . MnNiCO ( OH ) 2 obtained through further comprises continuously adding the reactants to the 
the outlet 152 was reacted for an average retention time of reactant inlet during mixing in the space between the outer 
20 minutes and crystallized . The scanning electron micros - chamber and the inner cylinder . 
copy image of MnNiCO ( OH ) , crystals is shown in FIG . 20 . 55 3 . The method according to claim 1 , wherein , in step 2 , 
MnNiCo ( OH ) , obtained through the outlet 153 was reacted the inner cylinder was rotated at a speed of 10 to 5 , 000 rpm 
for an average retention time of 30 minutes and crystallized and the reactants are mixed at a temperature of 30 to 60° C . 
The scanning electron microscopy image of MnNiCO ( OH ) 2 and at a pH 10 to 12 . 
crystals is shown in FIG . 21 . 4 . The method according to claim 1 , wherein , in step 1 , 

The scanning electron microscopy images and particle 60 the metal salt aqueous solution is a metal salt aqueous 
size analysis results of MnNiCO ( OH ) , prepared in Examples solution in which a metal salt containing at least one metal 
1 to 6 were observed . It can be seen from the result that , selected from the group consisting of cobalt ( Co ) , manga 
when MnNiCo ( OH ) 2 was prepared using the apparatus for nese ( Mn ) , nickel ( Ni ) , aluminum ( Al ) , magnesium ( Mg ) , 
preparing a cathode active material precursor for lithium copper ( Cu ) , zinc ( Zn ) , iron ( Fe ) , vanadium ( V ) , chromium 
secondary batteries of the present invention , MnNiCo ( OH 2 65 ( Cr ) , titanium ( Ti ) , tungsten ( W ) and molybdenum ( Mo ) is 
was obtained in the form of particles having an even particle dissolved at a concentration of 1M to 4M in water , and the 
size distribution . metal salt is a sulfate , nitrate , acetate , chlorate or phosphate 

40 
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containing at least one metal selected from the group con 
sisting of cobalt ( Co ) , manganese ( Mn ) , nickel ( Ni ) , alumi 
num ( Al ) , magnesium ( Mg ) , copper ( Cu ) , zinc ( Zn ) , iron 
( Fe ) , vanadium ( V ) , chromium ( Cr ) , titanium ( Ti ) , tungsten 
( W ) and molybdenum ( Mo ) . 

5 . The method according to claim 1 , wherein the basic 
aqueous solution is a 1M to 8M sodium hydroxide aqueous 
solution or potassium hydroxide aqueous solution . 

6 . The method according to claim 1 , wherein the aqueous 
ammonia solution is a 15 to 30 % aqueous ammonia solution 10 
and is added at an amount of 1 to 20 % by volume , with 
respect to the total weight of the mixed solution of the 
reactants . 

7 . The method according to claim 1 , wherein the reaction 
product - containing solution is removed through one of a 15 
plurality of openings spaced along an axial direction of the 
cylindrical sidewall of the outer chamber . 

* * * * * 


