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MANUFACTURING METHOD FOR POSITIVE ELECTRODE ACTIVE MATERIAL 

PRECURSOR 

TECHNICAL FIELD 

[0001] JYV acVdV_e UZdT]`dfcV cV]ReVd e` R ^R_fWRTefcZ_X ^VeY`U W`c R a`dZeZgV V]VTec`UV RTeZgV

^ReVcZR] acVTfcd`c R_U( ^`cV daVTZWZTR]]j( e` R ^R_fWRTefcZ_X ^VeY`U W`c R a`dZeZgV V]VTec`UV RTeZgV

^ReVcZR] acVTfcd`c Sj fdZ_X R cVRTe`c*

BACKGROUND 

[0002] A_ cVTV_e jVRcd( eYV ViaR_dZ`_ `W eYV SReeVcj V]VTecZT gVYZT]V &:=L' ^Rc\Ve YRd ]VU e` R

YZXYVc UV^R_U W`c dVT`_URcj SReeVcZVd* IVT`_URcj SReeVcZVd fdfR]]j Z_T]fUV R a`dZeZgV V]VTec`UV( R

_VXReZgV V]VTec`UV( R_ V]VTec`]jeV( R_U R dVaRcRe`c( R_U eYV a`dZeZgV R_U _VXReZgV V]VTec`UVd T`_eRZ_

R_ RTeZgV ^ReVcZR] TRaRS]V `W Z_eVcTR]ReZ`_ R_U UVZ_eVcTR]ReZ`_ `W( W`c ViR^a]V( ]ZeYZf^ Z`_d* 9

cVacVdV_eReZgV ViR^a]V `W eYV a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] Zd R ]ZeYZf^ ecR_dZeZ`_ ^VeR] `iZUV(

R_U W`c ViR^a]V( R ]ZeYZf^ ecR_dZeZ`_ ^VeR] `iZUV ^Rj SV ^R_fWRTefcVU Sj ^ZiZ_X R ]ZeYZf^

acVTfcd`c R_U R a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c* EZT\V])T`SR]e)^R_XR_VdV &E;D'

T`^a`f_Ud RcV hZUV]j fdVU Rd a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`cd*

[0003] JYV a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c ^Rj SV ^R_fWRTefcVU Sj aVcW`c^Z_X R

_fT]VReZ`_ deVa R_U R _fT]Vfd Xc`heY deVa `W Xc`hZ_X W`c^VU _fT]VZ Z_ R cVRTe`c* @VcVZ_( f_]Vdd

`eYVchZdV deReVU( acVTfcd`c aRceZT]Vd ^Rj cVWVc e` eYV a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c*

KdfR]]j( RWeVc eYV _fT]VReZ`_ deVa( eYV _fT]Vfd Xc`heY deVa Zd aVcW`c^VU Z_ eYV dR^V cVRTe`c hYVcV

eYV _fT]VReZ`_ deVa hRd aVcW`c^VU* JYfd( eYV R^`f_e `W a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR]

acVTfcd`c ac`UfTVU Zd RWWVTeVU Sj eYV dZkV `W eYV cVRTe`c R_U eYV cVRTeZ`_ eZ^V*

[0004] @`hVgVc( eYV Z_TcVRdZ_X dZkV `W eYV cVRTe`c ^R\Vd Ze ^`cV TYR]]V_XZ_X e` T`_ec`] eYV

RgVcRXV aRceZT]V UZR^VeVc R_U aRceZT]V dZkV UZdecZSfeZ`_ `W eYV acVTfcd`c aRceZT]Vd `SeRZ_VU eYc`fXY

eYV _fT]VReZ`_ R_U _fT]Vfd Xc`heY deVad* 9UUZeZ`_R]]j( _Vh _fT]VZ ^Rj SV T`_eZ_f`fd]j XV_VcReVU
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UfcZ_X eYV _fT]Vfd Xc`heY deVa( R_U eYV _fT]VZ XV_VcReVU UfcZ_X eYV _fT]Vfd Xc`heY deVa ^Rj _`e

Xc`h dfWWZTZV_e]j( cVdf]eZ_X Z_ ZddfVd hZeY eYV RgVcRXV aRceZT]V UZR^VeVc R_U aRceZT]V dZkV

UZdecZSfeZ`_ `W eYV acVTfcd`c aRceZT]Vd* J` Rg`ZU eYVdV ac`S]V^d( eVTY_`]`XZVd YRgV SVV_ UVgV]`aVU

e` T`_ec`] eYV ac`TVdd T`_UZeZ`_d `W eYV _fT]VReZ`_ deVa R_U eYV _fT]Vfd Xc`heY deVa* @`hVgVc( eYV

T`_gV_eZ`_R] Rce dY`hd aVcW`c^Z_X eYV _fT]VReZ`_ R_U _fT]Vfd Xc`heY deVad Z_ eYV dR^V cVRTe`c(

hYZTY TRfdVU R_ Z_T`_gV_ZV_TV `W YRgZ_X e` cVdVe eYV ac`TVdd T`_UZeZ`_d hYV_VgVc ecR_dZeZ`_Z_X

Wc`^ eYV _fT]VReZ`_ deVa e` eYV _fT]VReZ`_ Xc`heY deVa* D`cV`gVc( eYV _fT]VReZ`_ R_U Xc`heY Z_

eYV dR^V cVRTe`c TRfdVU R UVeVcZ`cReZ`_ Z_ eYV ]Z_V `W SR]R_TV &CF:'( eYfd cVUfTZ_X eYV R^`f_e `W

a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c ac`UfTVU*

SUMMARY 

[0005] JYV acVdV_e UZdT]`dfcV RZ^d e` ac`gZUV R ^R_fWRTefcZ_X ^VeY`U W`c `SeRZ_Z_X R a`dZeZgV

V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c YRgZ_X R f_ZW`c^ aRceZT]V dZkV UZdecZSfeZ`_ R_U Z_TcVRdZ_X eYV

R^`f_e `W a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c ac`UfTVU( hYVcVSj UZWWVcV_e cVRTe`cd TR_

SV V^a]`jVU Z_ R _fT]VReZ`_ deVa R_U R _fT]Vfd Xc`heY deVa e` ^RiZ^ZkV eYV R^`f_e `W a`dZeZgV

V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c ac`UfTVU*

[0006] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( R ^VeY`U W`c ^R_fWRTefcZ_X R a`dZeZgV

V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c ^Rj T`^acZdV R _fT]VReZ`_ deVa `W W`c^Z_X _fT]VZ `W eYV

acVTfcd`c Z_ R WZcde cVRTe`c7 R_U R _fT]Vfd Xc`heY deVa `W Xc`hZ_X eYV _fT]VZ W`c^VU Z_ eYV

_fT]VReZ`_ deVa Z_ R dVT`_U cVRTe`c( hYVcVZ_ R g`]f^V `W eYV dVT`_U cVRTe`c ^Rj SV ]RcXVc eYR_ R

g`]f^V `W eYV WZcde cVRTe`c*

[0007] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV g`]f^V `W eYV dVT`_U cVRTe`c ^Rj SV

/*3 e` 5*. eZ^Vd eYV g`]f^V `W eYV WZcde cVRTe`c*

[0008] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV g`]f^V `W eYV dVT`_U cVRTe`c ^Rj SV

// ^/ e` 11 ^/*

[0009] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( R eZ^V eR\V_ W`c eYV _fT]VReZ`_ deVa ^Rj

SV dY`ceVc eYR_ R eZ^V eR\V_ W`c eYV _fT]Vfd Xc`heY deVa*



3 

[0010] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV WZcde cVRTe`c ^Rj Z_T]fUV R a]fcR]Zej

`W WZcde cVRTe`cd R_U eYV _fT]VReZ`_ deVa ^Rj SV aVcW`c^VU Z_ VRTY `W eYV a]fcR]Zej `W WZcde cVRTe`cd(

R_U Z_ eYV _fT]Vfd Xc`heY deVa( eYV _fT]VZ W`c^VU Wc`^ VRTY `W eYV a]fcR]Zej `W WZcde cVRTe`cd ^Rj

SV Xc`h_ e`XVeYVc Z_ eYV dVT`_U cVRTe`c*

[0011] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( VRTY _fT]VReZ`_ deVa aVcW`c^VU Z_ VRTY

`W eYV a]fcR]Zej `W WZcde cVRTe`cd ^Rj SV aVcW`c^VU dZ^f]eR_V`fd]j*

[0012] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( VRTY _fT]VReZ`_ deVa aVcW`c^VU Z_ VRTY

`W eYV a]fcR]Zej `W WZcde cVRTe`cd ^Rj SV aVcW`c^VU _`_)dZ^f]eR_V`fd]j*

[0013] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV _fT]VReZ`_ deVa ^Rj Z_T]fUV R WZcde

_fT]VReZ`_ deVa `W W`c^Z_X _fT]VZ `W eYV acVTfcd`c Z_ eYV WZcde cVRTe`c7 R_U R dVT`_U _fT]VReZ`_ deVa

`W WfceYVc W`c^Z_X _fT]VZ `W eYV acVTfcd`c Z_ eYV WZcde cVRTe`c RWeVc eYV T`^a]VeZ`_ `W eYV WZcde

_fT]VReZ`_ deVa( R_U Re ]VRde R aRce `W eYV dVT`_U _fT]VReZ`_ deVa ^Rj SV aVcW`c^VU UfcZ_X R _fT]Vfd

Xc`heY deVa `W Xc`hZ_X eYV _fT]VZ W`c^VU Z_ eYV WZcde _fT]VReZ`_ deVa*

[0014] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV _fT]VReZ`_ deVa ^Rj Z_T]fUV R WZcde

_fT]VReZ`_ deVa `W W`c^Z_X _fT]VZ `W eYV acVTfcd`c Z_ eYV WZcde cVRTe`c7 R_U R dVT`_U _fT]VReZ`_ deVa

`W WfceYVc W`c^Z_X _fT]VZ `W eYV acVTfcd`c Z_ eYV WZcde cVRTe`c RWeVc eYV T`^a]VeZ`_ `W eYV WZcde

_fT]VReZ`_ deVa( R_U Z_ eYV _fT]Vfd Xc`heY deVa( eYV _fT]VZ W`c^VU Z_ eYV WZcde _fT]VReZ`_ deVa R_U

eYV _fT]VZ W`c^VU Z_ eYV dVT`_U _fT]VReZ`_ deVa ^Rj SV Xc`h_ dZ^f]eR_V`fd]j*

[0015] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV ^VeY`U ^Rj WfceYVc T`^acZdV R

de`cRXV deVa `W de`cZ_X( Z_ R de`cRXV eR_\( eYV _fT]VZ W`c^VU Z_ eYV _fT]VReZ`_ deVa( R_U Z_ eYV _fT]Vfd

Xc`heY deVa( eYV _fT]VZ de`cVU Z_ eYV de`cRXV deVa ^Rj SV Xc`h_ Z_ eYV dVT`_U cVRTe`c*

[0016] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( Z_ eYV de`cRXV deVa( eYV _fT]VZ ^Rj SV

de`cVU Re 0,l; e` 2,l;*

[0017] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( Z_ eYV de`cRXV deVa( eYV _fT]VZ ^Rj SV

de`cVU Re R a@ `W 5*- e` -/*3*

[0018] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV de`cRXV deVa ^Rj SV aVcW`c^VU W`c

04 Y`fcd `c dY`ceVc*
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[0019] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV _fT]VReZ`_ deVa ^Rj Z_T]fUV

dfaa]jZ_X R_ Z_ZeZR] cVRTeR_e Z_e` eYV WZcde cVRTe`c( R_U eYV Z_ZeZR] cVRTeR_e ^Rj SV dfaa]ZVU dfTY eYRe

R ]ZbfZU ]VgV] `W eYV Z_ZeZR] cVRTeR_e Zd .,$ e` /,$ `W eYV YVZXYe `W eYV WZcde cVRTe`c*

[0020] 9TT`cUZ_X e` R_ RdaVTe `W eYV acVdV_e UZdT]`dfcV( eYV _fT]Vfd Xc`heY deVa ^Rj Z_T]fUV

dfaa]jZ_X R_ Z_ZeZR] cVRTeR_e Z_e` eYV dVT`_U cVRTe`c( R_U eYV Z_ZeZR] cVRTeR_e ^Rj SV dfaa]ZVU dfTY

eYRe R ]ZbfZU ]VgV] `W eYV Z_ZeZR] cVRTeR_e Zd .,$ e` /,$ `W eYV YVZXYe `W eYV dVT`_U cVRTe`c*

[0021] 9TT`cUZ_X e` gRcZ`fd V^S`UZ^V_ed `W eYV acVdV_e UZdT]`dfcV( eYV ]Z_V `W SR]R_TV R_U eYV

R^`f_e `W _fT]VZ ac`UfTVU TR_ SV Z_TcVRdVU Sj fdZ_X UZWWVcV_e cVRTe`cd Z_ R _fT]VReZ`_ deVa R_U R

_fT]Vfd Xc`heY deVa* >fceYVc^`cV( eYV ]Z_V `W SR]R_TV TR_ SV ^RiZ^ZkVU Sj Z_ec`UfTZ_X R de`cRXV

deVa SVehVV_ eYV _fT]VReZ`_ deVa R_U eYV _fT]Vfd Xc`heY deVa*

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] >A?* - Zd R dTYV^ReZT UZRXcR^ Z]]fdecReZ_X R cVRTe`c RTT`cUZ_X e` R_ V^S`UZ^V_e `W eYV

acVdV_e UZdT]`dfcV*

[0023] >A?* . Zd R W]`h TYRce dY`hZ_X R ^R_fWRTefcZ_X ^VeY`U W`c R a`dZeZgV V]VTec`UV RTeZgV

^ReVcZR] acVTfcd`c RTT`cUZ_X e` R_ V^S`UZ^V_e `W eYV acVdV_e UZdT]`dfcV*

[0024] >A?* / Zd R dTYV^ReZT UZRXcR^ dY`hZ_X R WZcde cVRTe`c R_U R dVT`_U cVRTe`c hYV_ R _fT]Vfd

Xc`heY deVa Zd aVcW`c^VU RWeVc R _fT]VReZ`_ deVa Z_ >A?* .*

[0025] >A?* 0 Zd R dTYV^ReZT UZRXcR^ dY`hZ_X R WZcde cVRTe`c( R de`cRXV eR_\( R_U R dVT`_U cVRTe`c

hYV_ R _fT]Vfd Xc`heY deVa Zd aVcW`c^VU RWeVc R _fT]VReZ`_ deVa R_U R dfSdVbfV_e de`cRXV deVa Z_

>A?* .*

DETAILED DESCRIPTION 

[0026] A_ eYV UVdTcZaeZ`_ `W eYV acVdV_e UZdT]`dfcV( R UVeRZ]VU UVdTcZaeZ`_ `W cV]ReVU \_`h_

Wf_TeZ`_d eYRe RcV `SgZ`fd e` R aVcd`_ d\Z]]VU Z_ eYV Rce R_U h`f]U f__VTVddRcZ]j `SdTfcV eYV dfS[VTe

`W eYV acVdV_e UZdT]`dfcV RcV `^ZeeVU*

[0027] >A?* - Zd R dTYV^ReZT UZRXcR^ Z]]fdecReZ_X R cVRTe`c RTT`cUZ_X e` R_ V^S`UZ^V_e `W eYV
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acVdV_e UZdT]`dfcV* 9 cVRTe`c -, Z_ >A?* - ^Rj SV fdVU Z_ R _fT]VReZ`_ deVa R_U R _fT]Vfd Xc`heY

deVa* JYV _fT]VReZ`_ deVa R_U eYV _fT]Vfd Xc`heY deVa ^Rj V^a]`j cVRTe`cd hZeY UZWWVcV_e dZkVd(

hYZTY ^Rj SV dZ^Z]Rc Z_ eVc^d `W eYV V_eZcV T`_WZXfcReZ`_ R_U dYRaV* @VcVZ_( eYV cVRTe`c -, Z_ eYV

_fT]VReZ`_ deVa ^Rj SV cVWVccVU e` Rd R WZcde cVRTe`c( R_U eYV cVRTe`c -, Z_ eYV _fT]Vfd Xc`heY deVa

^Rj SV cVWVccVU e` Rd R dVT`_U cVRTe`c*

[0028] HVWVccZ_X e` >A?* -( eYV cVRTe`c -, ^Rj Z_T]fUV R cVRTeZ`_ gVddV] --* JYV cVRTeZ`_ gVddV]

-- ^Rj SV R T`_eRZ_Vc Z_e` hYZTY cVRTeR_ed RcV dfaa]ZVU R_U eYV _fT]VReZ`_ deVa R_U eYV _fT]Vfd

Xc`heY deVa RcV aVcW`c^VU* @VcVZ_( eYV g`]f^V `W eYV cVRTe`c -, ^Rj SV UVWZ_VU Rd eYV g`]f^V `W

eYV cVRTeZ`_ gVddV] --*

[0029] JYV cVRTe`c -, ^Rj Z_T]fUV R ^ZiZ_X dYRWe -.( VieV_UZ_X Wc`^ eYV faaVc aRce e` eYV ]`hVc

aRce `W eYV cVRTeZ`_ gVddV] --( R_U Z^aV]]Vcd -/* JYV Z^aV]]Vcd -/ ^Rj SV eh` `c ^`cV deRXVd `W

Z^aV]]Vcd -/ hZeY UZWWVcV_e ]VgV]d( R_U W`c ViR^a]V( Rd dY`h_ Z_ >A?* -( eYcVV deRXVd `W Z^aV]]Vcd

-/ ^Rj SV ^`f_eVU `_ eYV ^ZiZ_X dYRWe -.* 9 ^RZ_ ^`e`c -0 R_U R cVUfTVc -1 ^Rj ac`gZUV a`hVc

e` eYV ^ZiZ_X dYRWe -. e` V_RS]V eYV Z^aV]]Vcd -/ e` c`eReV Z_ eYV cVRTeZ`_ gVddV] --* JYV eh` `c

^`cV deRXVd `W Z^aV]]Vcd -/ ^Rj c`eReV( d` eYRe R d]fccj Z_ eYV cVRTeZ`_ gVddV] -- TR_ SV VgV_]j

deZccVU eYc`fXY`fe eYV V_eZcV RcVR( eYRe Zd( eYV ]`hVc RcVR e` eYV faaVc RcVR( `W eYV cVRTeZ`_ gVddV]

--* >`c ViR^a]V( eYV ]`hVde Z^aV]]Vc -/S ^Rj YRgV R hZUVc hZUeY eYR_ eYV `eYVc faaVc Z^aV]]Vcd

-/R* JYZd decfTefcV TR_ acVgV_e eYV f_cVRTeVU d`]feZ`_ Wc`^ cV^RZ_Z_X Re eYV ]`hVc aRce `W eYV

cVRTeZ`_ gVddV] -- R_U RTYZVgV eYV ac`UfTeZ`_ `W acVTfcd`cd hZeY f_ZW`c^ bfR]Zej* JYV Z^aV]]Vcd

-/ RcV _`e ]Z^ZeVU e` eYV dYRaV eYVcV`W( R_U ^Rj SV UVdZX_VU Z_ R_ `aeZ^R] dYRaV W`c VWWVTeZgV

deZccZ_X `W eYV d]fccj* >`c ViR^a]V( VRTY `W eYV Z^aV]]Vcd -/ ^Rj YRgV W`fc S]RUVd*

[0030] 9 TYZ]]Vc -2 ^Rj SV ac`gZUVU e` cVUfTV eYV ]`RU `_ eYV cVUfTVc -1* JYV TYZ]]Vc -2 ^Rj SV

ac`gZUVU SVehVV_ eYV cVRTeZ`_ gVddV] -- R_U eYV ^RZ_ ^`e`c -0( R_U eYV ]`RU `_ eYV cVUfTVc ^Rj

SV cVUfTVU Sj eYV TZcTf]ReZ`_ `W T``]Z_X hReVc eYc`fXY eYV TYZ]]Vc -2* JYV eV^aVcRefcV Z_ eYV TYZ]]Vc

-2 ^Rj SV ^`_Ze`cVU eYc`fXY R eV^aVcRefcV dV_d`c &_`e dY`h_'* >`c ViR^a]V( eYV TYZ]]Vc -2 ^Rj

SV Z_ eYV W`c^ `W R a]fcR]Zej `W [RT\Ved &V*X*( eh`'*

[0031] 9 dfaa]j aZaV -3 ^Rj VieV_U Wc`^ eYV faaVc RcVR e` eYV ]`hVc RcVR Z_ eYV cVRTeZ`_ gVddV]
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--* JYc`fXY eYV dfaa]j aZaV -3( R_ Z_Vce XRd &V*X*( _Zec`XV_ XRd' ^Rj SV dfaa]ZVU e` eYV d`]feZ`_

Z_ R _fT]VReZ`_ deVa R_U R _fT]Vfd Xc`heY deVa( R_U UZdd`]gVU `ijXV_ Z_ eYV d`]feZ`_ ^Rj SV

cV^`gVU*

[0032] 9d eYV cVRTeZ`_ ^Rj ac`TVVU Sj eYV Z_ec`UfTeZ`_ `W cVRTeR_ed( eYV ]ZbfZU ]VgV] Y `W eYV

d`]feZ`_ Z_ eYV cVRTeZ`_ gVddV] -- ^Rj Z_TcVRdV* J` cVUfTV eYV ]`RU `_ eYV Z^aV]]Vcd -/ TRfdVU Sj

eYV Z_TcVRdV Z_ ]ZbfZU ]VgV]( R W]R_XV T`fa]Z_X &_`e dY`h_' ^Rj SV WfceYVc ac`gZUVU e` eYV faaVc

aRce `W eYV cVRTe`c -,*

[0033] >`c ViR^a]V( eYV g`]f^V `W eYV WZcde cVRTe`c ^Rj SV 2 ^/ e` 5 ^/* @VcVZ_( eYV ViacVddZ`_

]Z\V #9 e` :# Zd fdVU e` ^VR_ #^`cV eYR_ `c VbfR] e` 9 Sfe ]Vdd eYR_ `c VbfR] e` :#* JYV WZcde cVRTe`c

^Rj Z_T]fUV eYcVV deRXVd `W Z^aV]]Vcd -/( R_U eYV hZUeY `W eYV ]`hVde Z^aV]]Vc -/S ^Rj SV 5., ^^

e` -(/,, ^^( hYZTY ^Rj SV -*,1 e` -*/ eZ^Vd ]RcXVc eYR_ eY`dV `W eYV `eYVc faaVc Z^aV]]Vcd -/R*

JYV ]`hVde Z^aV]]Vc -/S ^Rj SV daRTVU RaRce Wc`^ eYV S`ee`^ dfcWRTV Z_dZUV eYV cVRTeZ`_ gVddV]

-- Sj -/, ^^ e` -54 ^^* JYV Z_eVcgR] SVehVV_ eYV eYcVV deRXVd `W Z^aV]]Vcd -/ ^Rj SV 3,, ^^

e` -(,1, ^^*

[0034] >`c ViR^a]V( eYV g`]f^V `W eYV dVT`_U cVRTe`c ^Rj SV // ^/ e` 11 ^/* JYV dVT`_U cVRTe`c

^Rj Z_T]fUV eYcVV deRXVd `W Z^aV]]Vcd -/( R_U eYV hZUeY `W eYV ]`hVde Z^aV]]Vc -/S ^Rj SV -(14,

^^ e` .(2// ^^( hYZTY ^Rj SV -*,1 e` -*/ eZ^Vd ]RcXVc eYR_ eY`dV `W eYV `eYVc faaVc Z^aV]]Vcd

-/R* JYV ]`hVde Z^aV]]Vc -/S ^Rj SV daRTVU RaRce Wc`^ eYV S`ee`^ dfcWRTV Z_dZUV eYV cVRTeZ`_

gVddV] -- Sj -44 ^^ e` -(/-/ ^^* JYV Z_eVcgR] SVehVV_ eYV eYcVV deRXVd `W Z^aV]]Vcd -/ ^Rj SV

-(/,, ^^ e` .(-23 ^^*

[0035] >A?* . Zd R W]`h TYRce dY`hZ_X R ^R_fWRTefcZ_X ^VeY`U W`c R a`dZeZgV V]VTec`UV RTeZgV

^ReVcZR] acVTfcd`c RTT`cUZ_X e` R_ V^S`UZ^V_e `W eYV acVdV_e UZdT]`dfcV* >A?* / Zd R dTYV^ReZT

UZRXcR^ dY`hZ_X R WZcde cVRTe`c R_U R dVT`_U cVRTe`c hYV_ R _fT]Vfd Xc`heY deVa Zd aVcW`c^VU RWeVc

R _fT]VReZ`_ deVa Z_ >A?* .* >A?* 0 Zd R dTYV^ReZT UZRXcR^ dY`hZ_X R WZcde cVRTe`c( R de`cRXV eR_\(

R_U R dVT`_U cVRTe`c hYV_ R _fT]Vfd Xc`heY deVa Zd aVcW`c^VU RWeVc R _fT]VReZ`_ deVa R_U R

dfSdVbfV_e de`cRXV deVa Z_ >A?* .* @VcVZ_RWeVc( R ^R_fWRTefcZ_X ^VeY`U W`c R a`dZeZgV V]VTec`UV

RTeZgV ^ReVcZR] acVTfcd`c RTT`cUZ_X e` R_ V^S`UZ^V_e `W eYV acVdV_e UZdT]`dfcV hZ]] SV UVdTcZSVU
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hZeY cVWVcV_TV e` >A?I* . e` 0*

[0036] Nucleation step S10

[0037] 9 _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU Z_ eYV WZcde cVRTe`c* EfT]VZ W`c eYV a`dZeZgV

V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c ^Rj SV W`c^VU eYc`fXY eYV _fT]VReZ`_ deVa I-,* IaVTZWZTR]]j(

hYV_ R ecR_dZeZ`_ ^VeR] T`^a`f_U d`]feZ`_( R _Zec`XV_)T`_eRZ_Z_X T`^a`f_U d`]feZ`_( R_U R SRdZT

T`^a`f_U d`]feZ`_ ^Rj SV Z_ec`UfTVU Z_e` eYV WZcde cVRTe`c R_U deZccVU( ecR_dZeZ`_ ^VeR]d Z_ eYV

ecR_dZeZ`_ ^VeR] T`^a`f_U d`]feZ`_ ^Rj SV T`)acVTZaZeReVU e` W`c^ acVTfcd`c aRceZT]V _fT]VZ Z_ eYV

W`c^ `W R ecR_dZeZ`_ ^VeR] YjUc`iZUV* GRceZTf]Rc]j( eYV deZccZ_X daVVU &V*X*( eYV c`eReZ`_ daVVU `W eYV

^ZiZ_X dYRWe' ^Rj SV -, ca^ e` /,, ca^* AW eYV deZccZ_X daVVU Zd ]`hVc eYR_ -, ca^( eYV cVRTeR_ed

^Rj ^Zi Z_dfWWZTZV_e]j( eYfd YZ_UVcZ_X d^``eY _fT]VReZ`_* AW eYV deZccZ_X daVVU Zd YZXYVc eYR_ /,,

ca^( eYV WcZTeZ`_ SVehVV_ eYV Z^aV]]Vcd R_U eYV d`]feZ`_ ^Rj Z_TcVRdV( cVdf]eZ_X Z_ R ]RcXV _f^SVc

`W f__VTVddRcj ^ZTc`)aRceZT]Vd( T`_dVbfV_e]j( WRZ]Z_X e` `SeRZ_ acVTfcd`c aRceZT]Vd hZeY f_ZW`c^

bfR]Zej* <fcZ_X deZccZ_X( T``]Z_X hReVc `W 4l; `c ]`hVc ^Rj SV ac`gZUVU e` cVUfTV eYV ]`RU `_ eYV

cVUfTVc*

[0038] A_ eYV _fT]VReZ`_ deVa I-,( eYV Z_ZeZR] cVRTeR_ed W`c eYV _fT]VReZ`_ cVRTeZ`_ ^Rj SV dfaa]ZVU

Z_e` eYV WZcde cVRTe`c* >`c ViR^a]V( eYV Z_ZeZR] cVRTeR_ed ^Rj Z_T]fUV UVZ`_ZkVU hReVc( R _Zec`XV_)

T`_eRZ_Z_X T`^a`f_U d`]feZ`_( R_U R SRdZT T`^a`f_U d`]feZ`_* JYV Z_ZeZR] cVRTeR_e ^Rj SV

dfaa]ZVU dfTY eYRe eYV ]ZbfZU ]VgV] Zd .,$ e` /,$ `W eYV YVZXYe `W eYV WZcde cVRTe`c* AW eYV ]ZbfZU

]VgV] `W eYV Z_ZeZR] cVRTeR_ed Zd ]`hVc eYR_ .,$( eYV WcZTeZ`_ SVehVV_ cVRTeR_ed e` SV dfSdVbfV_e]j

Z_ec`UfTVU R_U eYV Z^aV]]Vcd ^Rj T`_eZ_f`fd]j `TTfc( ]VRUZ_X e` eYV W`c^ReZ`_ `W R ]RcXV _f^SVc

`W f_Z_eV_UVU ^ZTc`aRceZT]Vd( cVdf]eZ_X Z_ R aRceZT]V dZkV UZWWVcV_TV UfV e` eYV ^ZTc`aRceZT]Vd Z_ eYV

WZ_R] ac`UfTe( f]eZ^ReV]j TRfdZ_X R UVeVcZ`cReZ`_ Z_ bfR]Zej `W eYV WZ_R] ac`UfTe* AW eYV ]ZbfZU ]VgV]

`W eYV Z_ZeZR] cVRTeR_ed Zd YZXYVc eYR_ /,$( eYV R^`f_e `W cVRTeR_ed RgRZ]RS]V W`c ]ReVc RUUZeZ`_ ^Rj

SV cVUfTVU( cVdf]eZ_X Z_ R UVTcVRdV Z_ ac`UfTeZ`_ R^`f_e* >`c ViR^a]V( hYV_ R cVRTe`c Z_T]fUZ_X

eYcVV deRXVd `W Z^aV]]Vcd Zd fdVU Rd eYV WZcde cVRTe`c( eYV Z_ZeZR] cVRTeR_ed ^Rj SV dfaa]ZVU Z_ R_

R^`f_e dfWWZTZV_e e` dfS^VcXV eYV ]`hVde Z^aV]]Vc R_U eYV ^ZUU]V Z^aV]]Vc*

[0039] <fcZ_X eYV _fT]VReZ`_ deVa I-,( eYV eV^aVcRefcV `W eYV d`]feZ`_ ^Rj SV ^RZ_eRZ_VU Re 0,l;
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e` 2,l;* AW eYV eV^aVcRefcV `W eYV d`]feZ`_ Zd ]`hVc eYR_ 0,l;( eYV cVRTeZ`_ R^`_X eYV cVRTeR_ed

^Rj SV cVUfTVU( cVdf]eZ_X Z_ R UVTcVRdV Z_ VWWZTZV_Tj `W _fT]VReZ`_* AW eYV eV^aVcRefcV `W eYV

d`]feZ`_ Zd YZXYVc eYR_ 2,l;( eYV W`c^VU _fT]VZ ^Rj SV T`RcdV R_U ^Rj cVdf]e Z_ eYV _`_)f_ZW`c^

RXXcVXReZ`_( f]eZ^ReV]j UVTcVRdZ_X eYV TRaRTZej R_U VWWZTZV_Tj `W eYV a`dZeZgV V]VTec`UV RTeZgV

^ReVcZR]*

[0040] JYV ecR_dZeZ`_ ^VeR] T`^a`f_U d`]feZ`_ ^Rj T`_eRZ_ Re ]VRde `_V V]V^V_e dV]VTeVU Wc`^

eYV Xc`fa T`_dZdeZ_X `W _ZT\V]( T`SR]e( R_U ^R_XR_VdV* >`c ViR^a]V( eYV ecR_dZeZ`_ ^VeR]

T`^a`f_U d`]feZ`_ ^Rj T`_eRZ_ R _ZT\V])T`SR]e)^R_XR_VdV T`^a`f_U*

[0041] =iR^a]Vd `W R ecR_dZeZ`_ ^VeR])T`_eRZ_Z_X cRh ^ReVcZR] ^Rj Z_T]fUV Re ]VRde `_V dV]VTeVU

Wc`^ eYV Xc`fa `W R_ RTVeReV( R TRcS`_ReV( R _ZecReV( R df]WReV( R YR]ZeV( R df]WZUV( R_ `iZUV( R YjUcReV(

R YjUc`iZUV( R_U R_ `ijYjUc`iZUV `W R ecR_dZeZ`_ ^VeR]( Sfe RcV _`e ]Z^ZeVU eYVcVe`* GcVWVcRS]j( eYV

ecR_dZeZ`_ ^VeR])T`_eRZ_Z_X cRh ^ReVcZR] ^Rj Z_T]fUV R YjUcReV `W R ecR_dZeZ`_ ^VeR]( R_U eYV

YjUcReV `W R ecR_dZeZ`_ ^VeR] YRd eYV RUgR_eRXV `W SVZ_X VRdj e` de`cV R_U fdV*

[0042] JYV ecR_dZeZ`_ ^VeR] T`^a`f_U d`]feZ`_ ^Rj SV acVaRcVU Sj UZdd`]gZ_X R _ZT\V])

T`_eRZ_Z_X cRh ^ReVcZR]( R T`SR]e)T`_eRZ_Z_X cRh ^ReVcZR]( R_U R ^R_XR_VdV)T`_eRZ_Z_X cRh

^ReVcZR] Z_ hReVc* =iR^a]Vd `W eYV _ZT\V])T`_eRZ_Z_X cRh ^ReVcZR] ^Rj Z_T]fUV Re ]VRde `_V dV]VTeVU

Wc`^ eYV Xc`fa `W EZ&F@'.( EZF( EZFF@( EZ;F/r.EZ&F@'.r0@.F( EZ;.F.r.@.F(

EZ&EF/'.r2@.F( EZIF0( EZIF0r2@.F( WReej RTZU _ZT\V] dR]ed( _ZT\V] YR]ZUV( R_U T`^SZ_ReZ`_d

eYVcV`W* =iR^a]Vd `W eYV T`SR]e)T`_eRZ_Z_X cRh ^ReVcZR] ^Rj Z_T]fUV Re ]VRde `_V dV]VTeVU Wc`^

eYV Xc`fa `W ;`IF0( ;`&F@'.( ;`FF@( ;`&F;F;@/'.'0@.F( ;`&EF/'.r2@.F( ;`IF0r3@.F(

;`&IF0'.r3@.F( R_U T`^SZ_ReZ`_d eYVcV`W* =iR^a]Vd `W eYV ^R_XR_VdV)T`_eRZ_Z_X cRh ^ReVcZR]

^Rj Z_T]fUV Re ]VRde `_V dV]VTeVU Wc`^ eYV Xc`fa `W ^R_XR_VdV `iZUVd( dfTY Rd D_.F/( D_F.( R_U

D_/F0( ^R_XR_VdV dR]ed( dfTY Rd D_;F/( D_&EF/'.( D_IF0( D_IF0r@.F( ^R_XR_VdV RTVeReV(

^R_XR_VdV UZTRcS`ij]ReV( ^R_XR_VdV TZecReV( R_U WReej RTZU ^R_XR_VdV dR]ed( `ijYjUc`iZUVd(

^R_XR_VdV TY]`cZUV( R_U T`^SZ_ReZ`_d eYVcV`W* >`c ViR^a]V( EZIF0r2@.F ^Rj SV fdVU Rd eYV

_ZT\V])T`_eRZ_Z_X cRh ^ReVcZR]( ;`IF0r3@.F ^Rj SV fdVU Rd eYV T`SR]e)T`_eRZ_Z_X cRh ^ReVcZR](

R_U D_IF0r@.F ^Rj SV fdVU Rd eYV ^R_XR_VdV)T`_eRZ_Z_X cRh ^ReVcZR]*
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[0043] MYV_ eYV a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c WfceYVc T`_eRZ_d R ^VeR] V]V^V_e &D'

`eYVc eYR_ _ZT\V] &EZ'( ^R_XR_VdV &D_'( R_U T`SR]e &;`'( R cRh ^ReVcZR] T`_eRZ_Z_X eYV ^VeR]

V]V^V_e &D' ^Rj SV `aeZ`_R]]j WfceYVc RUUVU Z_ eYV acVaRcReZ`_ `W eYV ecR_dZeZ`_ ^VeR] T`^a`f_U

d`]feZ`_* JYV ^VeR] V]V^V_e &D' ^Rj Z_T]fUV Re ]VRde `_V V]V^V_e dV]VTeVU Wc`^ eYV Xc`fa `W M(

N( :R( ;R( D`( ;c( 9]( Oc( JZ( DX( JR( R_U ES* =iR^a]Vd `W eYV ^VeR] V]V^V_e &D')T`_eRZ_Z_X cRh

^ReVcZR] ^Rj Z_T]fUV Re ]VRde `_V dV]VTeVU Wc`^ eYV Xc`fa `W RTVeReV dR]ed( TRcS`_ReV dR]ed( _ZecReV

dR]ed( df]WReV dR]ed( YR]ZeVd( df]WZUVd( YjUc`iZUVd( `ijYjUc`iZUVd R_U `iZUVd `W eYV ^VeR] V]V^V_e

&D'( Sfe RcV _`e ]Z^ZeVU eYVcVe`*

[0044] JYV _Zec`XV_)T`_eRZ_Z_X T`^a`f_U d`]feZ`_ ^Rj T`_eRZ_ R_ R^^`_Zf^ TReZ`_ T`^a]Vi

W`c^Z_X RXV_e* JYV R^^`_Zf^ TReZ`_ T`^a]Vi W`c^Z_X RXV_e ^Rj Z_T]fUV Re ]VRde `_V T`^a`f_U

dV]VTeVU Wc`^ eYV Xc`fa `W E@0F@( &E@0'.IF0( E@0EF/( E@0;]( ;@/;FFE@0( R_U E@0;F/*

>`c ViR^a]V( eYV _Zec`XV_)T`_eRZ_Z_X T`^a`f_U d`]feZ`_ ^Rj SV acVaRcVU Sj UZdd`]gZ_X eYV

R^^`_Zf^ TReZ`_ T`^a]Vi W`c^Z_X RXV_e Z_ R d`]gV_e* GRceZTf]Rc]j( hReVc `c R ^ZiefcV `W hReVc

R_U R_ `cXR_ZT d`]gV_e &V*X*( R]T`Y`]( VeT*' ^Rj SV fdVU Rd eYV d`]gV_e*

[0045] JYV SRdZT RbfV`fd d`]feZ`_ ^Rj Z_T]fUV Re ]VRde `_V dV]VTeVU Wc`^ eYV Xc`fa `W YjUcReVd

`W R_ R]\R]Z ^VeR]( YjUc`iZUVd `W R_ R]\R]Z ^VeR]( YjUcReVd `W R_ R]\R]Z_V VRceY ^VeR]( R_U

YjUc`iZUVd `W R_ R]\R]Z_V VRceY ^VeR]* >`c ViR^a]V( eYV SRdZT RbfV`fd d`]feZ`_ ^Rj SV acVaRcVU

Sj UZdd`]gZ_X Re ]VRde `_V dV]VTeVU Wc`^ eYV Xc`fa `W ERF@( BF@( R_U ;R&F@'. Z_ R d`]gV_e*

[0046] Nucleus growth step S20

[0047] 9 _fT]Vfd Xc`heY deVa I., `W Xc`hZ_X eYV W`c^VU _fT]VZ ^Rj SV aVcW`c^VU* JYV a`dZeZgV

V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c ^Rj cVRTY R eRcXVe dZkV eYc`fXY eYV _fT]Vfd Xc`heY deVa I.,*

IaVTZWZTR]]j( hYV_ R ecR_dZeZ`_ ^VeR] T`^a`f_U d`]feZ`_( R _Zec`XV_ T`^a`f_U d`]feZ`_( R_U R

SRdZT T`^a`f_U d`]feZ`_ RcV Z_ec`UfTVU Z_e` eYV dVT`_U cVRTe`c R_U deZccVU( eYV acVTfcd`c aRceZT]V

_fT]VZ ^Rj SV Xc`h_* GRceZTf]Rc]j( eYV deZccZ_X daVVU &V*X*( eYV c`eReZ`_ daVVU `W eYV ^ZiZ_X dYRWe'

^Rj SV -, ca^ e` -1, ca^* AW eYV deZccZ_X daVVU Zd ]`hVc eYR_ -, ca^( eYV cVRTeR_ed ^Rj ^Zi

Z_dfWWZTZV_e]j( eYfd YZ_UVcZ_X d^``eY _fT]Vfd Xc`heY* AW eYV deZccZ_X daVVU Zd YZXYVc eYR_ -1, ca^(

eYV WcZTeZ`_ SVehVV_ eYV Z^aV]]Vcd R_U eYV d`]feZ`_ ^Rj Z_TcVRdV( cVdf]eZ_X Z_ eYV _Vh TcVReZ`_ `W
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f__VTVddRcj ^ZTc`)aRceZT]Vd( T`_dVbfV_e]j( WRZ]Z_X e` `SeRZ_ acVTfcd`c aRceZT]Vd hZeY f_ZW`c^

bfR]Zej* <fcZ_X deZccZ_X( T``]Z_X hReVc `W 4l; `c ]`hVc ^Rj SV ac`gZUVU e` cVUfTV eYV ]`RU `_ eYV

cVUfTVc*

[0048] JYV _fT]Vfd Xc`heY deVa I., ^Rj SV dVaRcReV]j aVcW`c^VU Z_ R cVRTe`c UZWWVcV_e Wc`^ eYRe

fdVU Z_ eYV _fT]VReZ`_ deVa I-,( eYVcVSj Z_TcVRdZ_X eYV ]Z_V `W SR]R_TV T`^aRcVU hZeY _fT]VReZ`_

R_U _fT]Vfd Xc`heY aVcW`c^VU Z_ eYV dR^V cVRTe`c*

[0049] <fcZ_X eYV _fT]VRc Xc`heY deVa I.,( Z_ZeZR] cVRTeR_ed W`c eYV _fT]VRc Xc`heY cVRTeZ`_ ^Rj

SV dfaa]ZVU Z_e` eYV dVT`_U cVRTe`c* >`c Z_deR_TV( eYV Z_ZeZR] cVRTeR_ed ^Rj Z_T]fUV UVZ`_ZkVU hReVc(

R _Zec`XV_)T`_eRZ_Z_X T`^a`f_U d`]feZ`_( R_U R SRdZT T`^a`f_U d`]feZ`_* JYV Z_ZeZR] cVRTeR_ed

^Rj SV dfaa]ZVU dfTY eYRe eYV ]ZbfZU ]VgV] Zd .,$ e` /,$ `W eYV YVZXYe `W eYV WZcde cVRTe`c* AW eYV

]ZbfZU ]VgV] `W eYV Z_ZeZR] cVRTeR_ed Zd ]`hVc eYR_ .,$( eYV WcZTeZ`_ SVehVV_ eYV cVRTeR_ed eYRe RcV

dfSdVbfV_e]j Z_ec`UfTVU R_U eYV Z^aV]]Vcd ^Rj T`_eZ_f`fd]j `TTfc( ]VRUZ_X e` eYV W`c^ReZ`_ `W R

]RcXV _f^SVc `W f_Z_eV_UVU ^ZTc`aRceZT]Vd( cVdf]eZ_X Z_ R aRceZT]V dZkV UZWWVcV_TV UfV e` eYV

^ZTc`aRceZT]Vd Z_ eYV WZ_R] ac`UfTe( f]eZ^ReV]j TRfdZ_X R UVTcVRdV Z_ bfR]Zej `W eYV WZ_R] ac`UfTe* AW

eYV ]ZbfZU ]VgV] `W eYV Z_ZeZR] cVRTeR_ed Zd YZXYVc eYR_ /,$( eYV R^`f_e `W cVRTeR_ed RgRZ]RS]V W`c

]ReVc RUUZeZ`_ ^Rj SV cVUfTVU( cVdf]eZ_X Z_ R UVTcVRdV Z_ ac`UfTeZ`_ R^`f_e* >`c ViR^a]V( hYV_

R cVRTe`c Z_T]fUZ_X eYcVV deRXVd `W Z^aV]]Vcd Zd fdVU Rd eYV dVT`_U cVRTe`c( eYV Z_ZeZR] cVRTeR_ed ^Rj

SV dfaa]ZVU Z_ R_ R^`f_e dfWWZTZV_e e` dfS^VcXV eYV ]`hVde Z^aV]]Vc R_U eYV ^ZUU]V Z^aV]]Vc*

[0050] <fcZ_X eYV _fT]Vfd Xc`heY deVa I.,( eYV eV^aVcRefcV `W eYV d`]feZ`_ ^Rj SV ^RZ_eRZ_VU Re

0,l; e` 2,l;* AW eYV eV^aVcRefcV `W eYV d`]feZ`_ Zd ]`hVc eYR_ 0,l;( eYV cVRTeZ`_ R^`_X eYV

cVRTeR_ed ^Rj SV cVUfTVU( cVdf]eZ_X Z_ R UVTcVRdV Z_ VWWZTZV_Tj `W _fT]Vfd Xc`heY* AW eYV

eV^aVcRefcV `W eYV d`]feZ`_ Zd YZXYVc eYR_ 2,l;( eYV Xc`hZ_X _fT]VZ ^Rj SV T`RcdV R_U ^Rj cVdf]e

Z_ eYV _`_)f_ZW`c^ RXXcVXReZ`_( f]eZ^ReV]j UVTcVRdZ_X eYV TRaRTZej R_U VWWZTZV_Tj `W eYV a`dZeZgV

V]VTec`UV RTeZgV ^ReVcZR]*

[0051] 9d R_ ViR^a]V( eYV _fT]Vfd Xc`heY deVa I., ^Rj SV aVcW`c^VU `_ eYV _fT]VZ eYRe hVcV

W`c^VU Z_ eYV _fT]VReZ`_ deVa I-, R_U eYV_ UZcVTe]j ecR_dWVccVU Wc`^ eYV WZcde cVRTe`c e` eYV dVT`_U

cVRTe`c* 9d R_`eYVc ViR^a]V( eYV _fT]Vfd Xc`heY deVa I., ^Rj SV aVcW`c^VU `_ eYV _fT]VZ eYRe
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hVcV W`c^VU Z_ eYV _fT]VReZ`_ deVa I-,( ecR_dWVccVU Wc`^ eYV WZcde cVRTe`c e` eYV de`cRXV eR_\ e`

f_UVcX` R de`cRXV deVa I0, e` SV UVdTcZSVU ]ReVc( R_U eYV_ ecR_dWVccVU Z_e` eYV dVT`_U cVRTe`c*

[0052] Washing and drying step S30

[0053] Ka`_ eYV T`^a]VeZ`_ `W eYV _fT]VRc Xc`heY deVa I.,( eYV d`]feZ`_ Z_ eYV dVT`_U cVRTe`c

^Rj SV ecR_dWVccVU R_U eYV_ dfS[VTeVU e` R hRdYZ_X R_U UcjZ_X deVa I/,* JYc`fXY eYV hRdYZ_X

R_U UcjZ_X deVa I/,( f__VTVddRcj cVRTeZ`_ Sjac`UfTed R_U ^`ZdefcV Z_ eYV d`]feZ`_ ^Rj SV

cV^`gVU( WZ_R]]j `SeRZ_Z_X R a`dZeZgV V]VTec`UV RTeZgV ^ReVcZR] acVTfcd`c*

[0054] Storage step S40

[0055] JYV _fT]VZ W`c^VU Z_ eYV _fT]VReZ`_ deVa I-, ^Rj SV ecR_dWVccVU Z_ eYV W`c^ `W R cVRTeZ`_

d`]feZ`_( Wc`^ eYV WZcde cVRTe`c e` eYV de`cRXV eR_\ R_U de`cVU &de`cRXV deVa I0,'* >Z_R]]j( Z_ `cUVc

e` f_ZW`c^]j T`_ec`] eYV RgVcRXV aRceZT]V UZR^VeVc R_U aRceZT]V dZkV UZdecZSfeZ`_ `W eYV acVTfcd`c

aRceZT]Vd( eYV dfaacVddZ`_ `W f_Z_eV_UVU _fT]VReZ`_ R_U+`c _fT]Vfd Xc`heY ^Rj SV cVbfZcVU Z_ eYV

de`cRXV deVa I0,* J` dfaacVdd _fT]VReZ`_ R_U _fT]Vfd Xc`heY( eYV de`cRXV eV^aVcRefcV( Z_eVc_R]

a@( R_U+`c de`cRXV eZ^V Z_ eYV de`cRXV deVa I0, ^Rj SV T`_ec`]]VU* 9d R_ ViR^a]V( eYV _fT]VZ Z_

eYV de`cRXV deVa ^Rj SV de`cVU Re 0,l; e` 2,l;* 9d R_ ViR^a]V( eYV _fT]VZ Z_ eYV de`cRXV deVa ^Rj

SV de`cVU Re R a@ `W 5*- e` -/*3* 9d R_ ViR^a]V( eYV de`cRXV deVa ^Rj SV aVcW`c^VU W`c 04 Y`fcd

`c dY`ceVc* DVVeZ_X eYV RS`gV _f^VcZTR] cR_XVd UfcZ_X eYV de`cRXV deVa TR_ dfaacVdd f_Z_eV_UVU

_fT]VReZ`_ R_U+`c _fT]Vfd Xc`heY( cVdf]eR_e]j WRTZ]ZeReZ_X eYV T`_ec`] `W RgVcRXV aRceZT]V UZR^VeVc

R_U aRceZT]V dZkV UZdecZSfeZ`_ `W acVTfcd`c aRceZT]Vd* A_ >A?* 0( eYV g`]f^V `W eYV de`cRXV eR_\ Zd

dY`h_ e` SV dZ^Z]Rc e` eYRe `W eYV WZcde cVRTe`c( Sfe Zd _`e ]Z^ZeVU eYVcVe`( R_U de`cRXV eR_\d hZeY

gRcZ`fd g`]f^Vd ^Rj SV fdVU*

[0056] JYV de`cRXV deVa I0, ^Rj SV `aeZ`_R]]j aVcW`c^VU* 9d R_ ViR^a]V( eYV de`cRXV deVa I0,

^Rj _`e SV aVcW`c^VU( R_U Z_ dfTY R TRdV( eYV _fT]VZ W`c^VU Z_ eYV WZcde cVRTe`c ^Rj SV UZcVTe]j

ecR_dWVccVU e` eYV dVT`_U cVRTe`c Rd dY`h_ Z_ >A?* /* 9d R_`eYVc ViR^a]V( eYV de`cRXV deVa I0,

^Rj SV aVcW`c^VU( R_U Z_ dfTY R TRdV( eYV _fT]VZ W`c^VU Z_ eYV WZcde cVRTe`c ^Rj SV ecR_dWVccVU e`

eYV de`cRXV eR_\( dfS[VTeVU e` eYV de`cRXV deVa I0,( R_U eYV_ ecR_dWVccVU e` eYV dVT`_U cVRTe`c gZR

eYV de`cRXV eR_\( Rd dY`h_ Z_ >A?* 0*
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[0057] JYV g`]f^V `W eYV WZcde cVRTe`c Zd UV_`eVU Sj L-( R_U eYV g`]f^V `W eYV dVT`_U cVRTe`c Zd

UV_`eVU Sj L.* GRceZTf]Rc]j( L. ^Rj SV ]RcXVc eYR_ L-* >`c ViR^a]V( L- ^Rj SV 2 ^/ e` 5 ^/(

R_U L. ^Rj SV // ^/ e` 11 ^/* A_ R ]RcXV cVRTe`c( eYV cVRTeZ`_ SVehVV_ cVRTeR_ed ^Rj SV fdfR]]j

UZWWZTf]e e` T`_ec`] eYc`fXY`fe eYV V_eZcV RcVR Z_ eYV cVRTe`c( eYVcVSj ^R\Z_X Ze TYR]]V_XZ_X e`

ac`UfTV acVTfcd`c aRceZT]Vd hZeY R UVdZcVU dZkV R_U UZdecZSfeZ`_* @`hVgVc( Z_ eYV acVdV_e

UZdT]`dfcV( eYV WZcde cVRTe`c Z_ eYV _fT]VReZ`_ deVa I-, hYVcV eYV T`_ec`] `W ac`TVddVd Zd UZWWZTf]e

^Rj SV dVe e` YRgV R d^R]] g`]f^V( Sfe eYV dVT`_U cVRTe`c ^Rj SV dVe e` YRgV R ]RcXV g`]f^V(

eYVcVSj Xc`hZ_X R ]RcXV R^`f_e `W _fT]VZ Z_ R dZ_X]V dVT`_U cVRTe`c R]`_V* JYRe Zd( eYV ac`TVdd

T`_UZeZ`_d ^Rj SV VRdZ]j T`_ec`]]VU Sj fdZ_X R d^R]])g`]f^V cVRTe`c Z_ eYV _fT]VReZ`_ deVa I-,(

hYZ]V eYV ac`UfTeZ`_ R^`f_e ^Rj SV Z_TcVRdVU Sj fdZ_X R ]RcXV)g`]f^V cVRTe`c Z_ eYV _fT]Vfd

Xc`heY deVa I.,*

[0058] >`c ViR^a]V( L. ^Rj SV /*3 e` 5*. eZ^Vd L-* AW L. Zd ]Vdd eYR_ /*3 eZ^Vd L-( eYV g`]f^V

`W eYV dVT`_U cVRTe`c ^Rj SV Z_dfWWZTZV_e( cVdf]eZ_X Z_ R d]ZXYe Z_TcVRdV Z_ ac`UfTeZ`_( `c eYV g`]f^V

`W eYV WZcde cVRTe`c ^Rj SV ]RcXV( ^R\Z_X Ze TYR]]V_XZ_X e` T`_ec`] eYV ac`TVdd T`_UZeZ`_d Z_ eYV

_fT]VReZ`_ deVa I-,* AW L. Zd ^`cV eYR_ 5*. eZ^Vd L-( eYV dVT`_U cVRTe`c ^Rj SV e`` ]RcXV( ^R\Z_X

Ze TYR]]V_XZ_X e` T`_ec`] eYV ac`TVdd T`_UZeZ`_d Z_ eYV _fT]Vfd Xc`heY deVa I.,( `c eYV g`]f^V `W

eYV WZcde cVRTe`c ^Rj SV e`` d^R]]( eYVcVSj UVTcVRdZ_X eYV ac`XcVdd daVVU R_U ac`UfTeZ`_ Z_ eYV

_fT]VReZ`_ deVa I-,*

[0059] IZ_TV L. Zd dVe e` SV ]RcXVc eYR_ L-( eYV _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU Z_ ^f]eZa]V

c`f_Ud Z_ `cUVc e` aVcW`c^ `_V c`f_U `W _fT]Vfd Xc`heY deVa I.,* JYRe Zd( eYV ]Z_V `W SR]R_TV TR_

SV Z_TcVRdVU Sj ^ReTYZ_X `_V c`f_U `W _fT]Vfd Xc`heY deVa I., R_U ^f]eZa]V c`f_Ud `W _fT]VReZ`_

deVa I-,* 9UUZeZ`_R]]j( eYV eZ^V eR\V_ e` aVcW`c^ `_V c`f_U `W eYV _fT]VReZ`_ deVa I-, &V*X*( .0

Y`fcd' ^Rj SV dY`ceVc eYR_ eYV eZ^V eR\V_ e` aVcW`c^ `_V c`f_U `W eYV _fT]Vfd Xc`heY deVa I.,

&V*X*( 04 Y`fcd'* GRceZTf]Rc]j( eYV Raac`acZReV Z_ec`UfTeZ`_ `W eYV de`cRXV deVa I0, TR_ ^RiZ^ZkV

eYV ]Z_V `W SR]R_TV UVdaZeV UZWWVcV_TVd Z_ g`]f^V R_U _f^SVc `W cVRTe`cd R_U+`c R UZWWVcV_TV Z_

cVRTeZ`_ eZ^V SVehVV_ eYV _fT]VReZ`_ deVa I-, R_U eYV _fT]Vfd Xc`heY deVa I.,* @VcVZ_RWeVc(

ViR^a]Vd RcV UVdTcZSVU hYVcV eYV ]Z_V `W SR]R_TV Zd Z_TcVRdVU RTT`cUZ_X e` eYV T`_TVae `W eYV
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acVdV_e UZdT]`dfcV*

[0060] 9d R_ ViR^a]V( eYV _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU Z_ R a]fcR]Zej `W WZcde cVRTe`cd

Z_ `cUVc e` aVcW`c^ `_V c`f_U `W eYV _fT]VRc Xc`heY deVa I.,* JYRe Zd( eYV _fT]VZ W`c^VU Wc`^

VRTY `W eYV a]fcR]Zej `W WZcde cVRTe`cd ^Rj SV Xc`h_ e`XVeYVc Z_ R dZ_X]V dVT`_U cVRTe`c* GRceZTf]Rc]j(

eYV _fT]VReZ`_ deVa I-, Z_ VRTY `W eYV a]fcR]Zej `W WZcde cVRTe`cd ^Rj SV aVcW`c^VU dZ^f]eR_V`fd]j*

A_ dfTY R TRdV( eYV W`c^VU _fT]VZ ^Rj SV ecR_dWVccVU Z_e` eYV dVT`_U cVRTe`c( hZeY eYV de`cRXV deVa

I0, d\ZaaVU* 9]eVc_ReZgV]j( eYV TcVReVU _fT]VZ ^Rj SV ecR_dWVccVU e` eYV dVT`_U cVRTe`c RWeVc

f_UVcX`Z_X eYV de`cRXV deVa I0, ZW eYV _fT]Vfd Xc`heY deVa I., Zd _`e cVRUj*

[0061] 9d R_`eYVc ViR^a]V( eYV _fT]VZ W`c^VU Wc`^ VRTY `W eYV a]fcR]Zej `W WZcde cVRTe`cd ^Rj SV

Xc`h_ e`XVeYVc Z_ R dZ_X]V dVT`_U cVRTe`c* GRceZTf]Rc]j( eYV _fT]VReZ`_ deVa I-, Z_ VRTY `W eYV

a]fcR]Zej `W WZcde cVRTe`cd ^Rj SV aVcW`c^VU _`_)dZ^f]eR_V`fd]j* A_ dfTY R TRdV( eYV WZcde W`c^VU

_fT]VZ ^Rj SV de`cVU Z_ eYV de`cRXV eR_\( R_U RWeVc eYV T`^a]VeZ`_ `W _fT]VReZ`_ Z_ VRTY `W eYV WZcde

cVRTe`cd( eYV _fT]VZ ^Rj SV ecR_dWVccVU e` eYV dVT`_U cVRTe`c* JYRe Zd( VgV_ eY`fXY eYV _fT]VZ RcV

W`c^VU Re UZWWVcV_e eZ^Z_Xd Z_ eYV a]fcR]Zej `W WZcde cVRTe`cd( eYV _fT]VZ ^Rj SV Xc`h_ Z_ eYV dR^V

_fT]Vfd Xc`heY deVa I., Sj feZ]ZkZ_X eYV de`cRXV deVa I0,* 9d R cVdf]e( eYV ]Z_V `W SR]R_TV TR_ SV

Z_TcVRdVU Z_ eYV _fT]VReZ`_ deVa I-, R_U eYV _fT]Vfd Xc`heY deVa I.,*

[0062] 9d deZ]] R_`eYVc ViR^a]V( R WZcde _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU Z_ eYV WZcde cVRTe`c*

9WeVc eYV T`^a]VeZ`_ `W eYV WZcde _fT]VReZ`_ deVa I-,( R dVT`_U _fT]VReZ`_ deVa I-, W`c W`c^Z_X

_Vh _fT]VZ ^Rj SV aVcW`c^VU Z_ eYV WZcde cVRTe`c( R_U eYV _fT]Vfd Xc`heY deVa I., ^Rj SV

aVcW`c^VU `_ eYV _fT]VZ( W`c^VU eYc`fXY eYV WZcde _fT]VReZ`_ deVa I-,( Z_ eYV dVT`_U cVRTe`c* 9e

]VRde R aRce `W eYV dVT`_U _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU UfcZ_X eYV aVcW`c^R_TV `W eYV

_fT]Vfd Xc`heY deVa I.,* JYRe Zd( ^f]eZa]V c`f_Ud `W _fT]VReZ`_ deVa I-, ^Rj SV T`_eZ_f`fd]j

aVcW`c^VU Z_ eYV WZcde cVRTe`c( dVaRcReV]j Wc`^ eYV _fT]Vfd Xc`heY deVa I., aVcW`c^VU Z_ eYV dVT`_U

cVRTe`c* >fceYVc^`cV( T`_dZUVcZ_X eYRe eYV eZ^V eR\V_ e` aVcW`c^ eYV _fT]VReZ`_ deVa I-, Zd

cV]ReZgV]j dY`ce( eYV _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU Z_ ^`cV c`f_Ud eYR_ eYV _fT]Vfd Xc`heY

deVa I., UfcZ_X eYV dR^V aVcZ`U* JYZd TR_ ^Z_Z^ZkV eYV UZWWVcV_TV SVehVV_ eYV R^`f_e `W _fT]VZ

ac`UfTVU R_U eYV R^`f_e `W _fT]VZ Xc`h_ R_U ^RiZ^ZkV eYV ]Z_V `W SR]R_TV( UVdaZeV eYV UZWWVcV_TV
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SVehVV_ L- R_U L.*

[0063] 9d deZ]] R_`eYVc ViR^a]V( R WZcde _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU Z_ eYV WZcde cVRTe`c*

9WeVc eYV T`^a]VeZ`_ `W eYV WZcde _fT]VReZ`_ deVa I-,( R dVT`_U _fT]VReZ`_ deVa I-, W`c W`c^Z_X

_Vh _fT]VZ ^Rj SV aVcW`c^VU Z_ eYV WZcde cVRTe`c( R_U eYV _fT]VZ W`c^VU eYc`fXY eYV WZcde _fT]VReZ`_

deVa I-, ^Rj SV de`cVU Z_ eYV de`cRXV eR_\* 9WeVc eYV T`^a]VeZ`_ `W eYV dVT`_U _fT]VReZ`_ deVa

I-,( eYV _fT]Vfd Xc`heY deVa I., W`c dZ^f]eR_V`fd]j Xc`hZ_X eYV _fT]VZ W`c^VU eYc`fXY eYV WZcde

_fT]VReZ`_ deVa I-, R_U eYV dVT`_U _fT]VReZ`_ deVa I-, ^Rj SV aVcW`c^VU Z_ eYV dVT`_U cVRTe`c*

JYRe Zd( Sj fdZ_X eYV de`cRXV deVa I0,( eYV _fT]VZ W`c^VU eYc`fXY ^f]eZa]V c`f_Ud Z_ `_V WZcde cVRTe`c

^Rj SV Xc`h_ eYc`fXY `_V c`f_U `W _fT]Vfd Xc`heY deVa I.,* JYZd TR_ ^RiZ^ZkV eYV ]Z_V `W

SR]R_TV*

[0064] @VcVZ_RWeVc( eYV R_R]jdZd cVdf]ed `W aRceZT]V dZkV( daVTZWZT dfcWRTV RcVR( R_U UV_dZej `W

acVTfcd`c aRceZT]Vd Z_ =iR^a]Vd - e` 0 R_U R T`^aRcReZgV ViR^a]V hZ]] SV UVdTcZSVU* A_ =iR^a]Vd

- e` 0( eYV _fT]VReZ`_ deVa I-, R_U eYV _fT]Vfd Xc`heY deVa I., hVcV aVcW`c^VU Z_ dVaRcReV cVRTe`cd

RTT`cUZ_X e` eYV T`_TVae `W eYV acVdV_e UZdT]`dfcV* A_ eYV T`^aRcReZgV ViR^a]V( _fT]VReZ`_ R_U

_fT]Vfd Xc`heY hVcV aVcW`c^VU Z_ eYV dR^V cVRTe`c* JYV ac`TVdd T`_UZeZ`_d W`c =iR^a]Vd - e` 0

R_U R T`^aRcReZgV ViR^a]V RcV Rd W`]]`hd*

[0065] [Example 1]

[0066] 9 _fT]VReZ`_ deVa I-, hRd aVcW`c^VU Z_ eYV WZcde cVRTe`c hZeY R g`]f^V `W 2 ^/* GfcV

hReVc( R .1$ ERF@ d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV dfaa]ZVU Rd Z_ZeZR] cVRTeR_ed W`c eYV

_fT]VReZ`_ deVa I-,* @VcVZ_RWeVc( eYV %$% Z_UZTReZ_X eYV T`_TV_ecReZ`_d `W R d`]feZ`_ &W`c ViR^a]V(

ERF@ d`]feZ`_ `c E@0F@ d`]feZ`_' ^VR_d %^Rdd$%* JYV afcV hReVc hRd dfaa]ZVU e` dReZdWj R

_f^VcZTR] cR_XV `W -(3-/*2 \X e` .(13,*0 \X( eYV .1$ ERF@ d`]feZ`_ hRd dfaa]ZVU e` dReZdWj R

_f^VcZTR] cR_XV `W -.*4 \X e` -5*. \X( R_U eYV 5$ E@0F@ d`]feZ`_ hRd dfaa]ZVU e` dReZdWj R

_f^VcZTR] cR_XV `W 3/*2 \X e` --,*0 \X( R_U hZeYZ_ eYV _f^VcZTR] cR_XVd( eYV e`eR] R^`f_e `W eYV

Z_ZeZR] cVRTeR_ed YRU R ]ZbfZU ]VgV] `W .1$ `W eYV YVZXYe `W eYV WZcde cVRTe`c*

[0067] JYVcVRWeVc( R .*0 D E;D d`]feZ`_( R .1$ ERF@ d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV

Z_ec`UfTVU Z_e` eYV WZcde cVRTe`c( hYVcVZ_ eYV W]`h cReV `W eYV .*0 D E;D d`]feZ`_ hRd T`_ec`]]VU
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e` 2/0*0 \X+Yc e` 51-*2 \X+Yc( eYV W]`h cReV `W eYV .1$ ERF@ d`]feZ`_ hRd T`_ec`]]VU e` /2,*,

\X+Yc e` 10,*, \X+Yc( R_U eYV W]`h cReV `W eYV 5$ E@0F@ d`]feZ`_ hRd T`_ec`]]VU e` 00*4 \X+Yc e`

23*. \X+Yc* J` ^R\V eYV RgVcRXV aRceZT]V dZkV <1, `W eYV W`c^VU _fT]VZ T]`dV e` R eRcXVe gR]fV `W

/*- s^( eYV W`cVX`Z_X d`]feZ`_d hVcV Z_ec`UfTVU W`c .0 Y`fcd* <fcZ_X eYV _fT]VReZ`_ deVa I-,( eYV

eV^aVcRefcV `W eYV d`]feZ`_ Z_ eYV WZcde cVRTe`c hRd ^RZ_eRZ_VU Re 0,l; e` 2,l;* JYV W]`h cReV `W

eYV .1$ ERF@ d`]feZ`_ Z_ec`UfTVU hRd T`_ec`]]VU hZeYZ_ R cR_XV `W .$ `W eYV dfaa]j W]`h cReV

dfTY eYRe eYV d`]feZ`_ Z_ eYV WZcde cVRTe`c YRU R a@ `W -,*- e` -1*- Re eYV VRc]j deRXV R_U R a@ `W 5*-

e` -/*3 Re eYV ]ReVc deRXV `W eYV _fT]VReZ`_ deVa I-,* JYV a@ gR]fV `W eYV d`]feZ`_ hRd ^VRdfcVU

SRdVU `_ .1l;( _`e eYV ac`TVdd eV^aVcRefcV &Z*V*( 0,l; e` 2,l;'* J` cV^`gV UZdd`]gVU `ijXV_ Z_

eYV d`]feZ`_( _Zec`XV_ XRd hRd Z_ec`UfTVU Re -1, E^/+Yc eYc`fXY R dfaa]j aZaV* JYV c`eReZ`_ daVVU

`W eYV ^ZiZ_X dYRWe Z_ eYV WZcde cVRTe`c hRd dVe e` ... ca^ hYV_ eYV cVRTeZ`_ R^`_X eYV cVRTeR_ed

SVXR_( R_U hRd XcRUfR]]j cVUfTVU e` -31 ca^ fa`_ eYV T`^a]VeZ`_ `W eYV cVRTeZ`_*

[0068] JYV _fT]VZ W`c^VU Z_ eYV _fT]VReZ`_ deVa I-, hVcV ecR_dWVccVU e` R de`cRXV eR_\( R_U eYV_

ecR_dWVccVU e` eYV dVT`_U cVRTe`c( hYVcV eYV _fT]Vfd Xc`heY deVa I., hRd aVcW`c^VU* GfcV hReVc(

R .1$ ERF@ d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV dfaa]ZVU Rd Z_ZeZR] cVRTeR_ed W`c eYV _fT]Vfd

Xc`heY deVa I.,* JYV afcV hReVc hRd dfaa]ZVU e` dReZdWj R _f^VcZTR] cR_XV `W --(3., \X e` -3(14,

\X( eYV .1$ ERF@ d`]feZ`_ hRd dfaa]ZVU e` dReZdWj R _f^VcZTR] cR_XV `W /(422*0 \X e` 1(355*2 \X(

R_U eYV 5$ E@0F@ d`]feZ`_ hRd dfaa]ZVU e` dReZdWj R _f^VcZTR] cR_XV `W /0/*. \X e` 1-0*4 \X(

R_U hZeYZ_ eYV _f^VcZTR] cR_XVd( eYV e`eR] R^`f_e `W eYV Z_ZeZR] cVRTeR_ed YRU R ]ZbfZU ]VgV] `W .1$

`W eYV YVZXYe `W eYV dVT`_U cVRTe`c*

[0069] JYVcVRWeVc( R .*0 D E;D d`]feZ`_( R .1$ ERF@ d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV

Z_ec`UfTVU Z_e` eYV dVT`_U cVRTe`c( hYVcVZ_ eYV W]`h cReV `W eYV .*0 D E;D d`]feZ`_ hRd T`_ec`]]VU

e` .(3.1*2 \X+Yc e` 0(,44*0 \X+Yc( eYV W]`h cReV `W eYV .1$ ERF@ d`]feZ`_ hRd T`_ec`]]VU e` -(1/2

\X+Yc e` .(/,0 \X+Yc( R_U eYV W]`h cReV `W eYV 5$ E@0F@ d`]feZ`_ hRd T`_ec`]]VU e` ./5*. \X+Yc e`

/14*4 \X+Yc* J` ^R\V eYV RgVcRXV aRceZT]V dZkV <1, `W eYV W`c^VU _fT]VZ T]`dV e` R eRcXVe gR]fV `W

-,*. s^( eYV W`cVX`Z_X d`]feZ`_d hVcV Z_ec`UfTVU W`c 04 Y`fcd* <fcZ_X eYV _fT]Vfd Xc`heY deVa

I.,( eYV eV^aVcRefcV `W eYV d`]feZ`_ Z_ eYV dVT`_U cVRTe`c hRd ^RZ_eRZ_VU Re 0,l; e` 2,l;* J`



16 

R]]`h eYV d`]feZ`_ Z_ eYV dVT`_U cVRTe`c e` YRgV R a@ `W 5*- e` -/*3( eYV W]`h cReV `W eYV .1$ ERF@

d`]feZ`_ Z_ec`UfTVU hRd T`_ec`]]VU hZeYZ_ R cR_XV `W .$ `W eYV dfaa]j W]`h cReV( eYV W]`h cReV `W

eYV 5$ E@0F@ d`]feZ`_ hRd T`_ec`]]VU hZeYZ_ R cR_XV `W -2$ `W eYV dfaa]j W]`h cReV( R_U eYV .*0

D E;D d`]feZ`_ hRd T`_ec`]]VU e` SV ^RZ_eRZ_VU* JYV a@ gR]fV `W eYV d`]feZ`_ hRd ^VRdfcVU

SRdVU `_ .1l;( _`e eYV ac`TVdd eV^aVcRefcV &Z*V*( 0,l; e` 2,l;'* J` cV^`gV UZdd`]gVU `ijXV_ Z_

eYV d`]feZ`_( _Zec`XV_ XRd hRd Z_ec`UfTVU Re 2,, E^/+Yc eYc`fXY R dfaa]j aZaV* JYV c`eReZ`_ daVVU

`W eYV ^ZiZ_X dYRWe Z_ eYV dVT`_U cVRTe`c hRd dVe e` 42 ca^ hYV_ eYV cVRTeZ`_ R^`_X eYV cVRTeR_ed

SVXR_( R_U hRd XcRUfR]]j cVUfTVU e` .3 ca^ fa`_ eYV T`^a]VeZ`_ `W eYV cVRTeZ`_*

[0070] JYV acVTfcd`c aRceZT]Vd W`c^VU eYc`fXY eYV _fT]VReZ`_ deVa I-, R_U eYV _fT]Vfd Xc`heY

deVa I., hVcV dfS[VTeVU e` R hRdYZ_X R_U UcjZ_X deVa I/,* IaVTZWZTR]]j( afcV hReVc hRd dfaa]ZVU

e` R WZ]eVc acVdd f_UVc T`_UZeZ`_d `W 0*4 DGR e` 3*. DGR eYcVV eZ^Vd W`c -, e` -1 ^Z_feVd VRTY(

eYVcVSj hRdYZ_X `fe ER cV^RZ_Z_X Z_ eYV acVTZaZeReZ`_ d`]feZ`_* 9WeVchRcUd( RZc S]`hZ_X hRd

T`_UfTeVU eYcVV eZ^Vd W`c -, e` -1 ^Z_feVd VRTY( eYVcVSj cVUfTZ_X eYV ^`ZdefcV T`_eV_e Z_ eYV

E;D acVTfcd`c*

[0071] [Example 2]

[0072] K_]Z\V Z_ =iR^a]V -( eYV _fT]VReZ`_ deVa I-, hRd aVcW`c^VU Z_ R WZcde cVRTe`c hZeY R

g`]f^V `W 5 ^/* IZ_TV eYV g`]f^V `W eYV WZcde cVRTe`c hRd TYR_XVU( eYV R^`f_ed `W Z_ZeZR] cVRTeR_ed

dfaa]ZVU hVcV TYR_XVU f_]Z\V Z_ =iR^a]V -* IaVTZWZTR]]j( afcV hReVc( R .1$ ERF@ d`]feZ`_( R_U

R 5$ E@0F@ d`]feZ`_ hVcV dfaa]ZVU e` dReZdWj R _f^VcZTR] cR_XV `W .(13,*0 \X e` /(411*2 \X( R

_f^VcZTR] cR_XV `W ., \X e` /, \X( R_U R _f^VcZTR] cR_XV `W --,*0 \X e` -21*2 \X( cVdaVTeZgV]j*

JYV W]`h cReVd `W cVRTeR_ed Z_ec`UfTVU hVcV R]d` TYR_XVU* IaVTZWZTR]]j( eYV W]`h cReVd `W R .*0 D

E;D d`]feZ`_( R .1$ ERF@ d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV T`_ec`]]VU e` dReZdWj R

_f^VcZTR] cR_XV `W 51-*2 \X+Yc e` -(0.3*0 \X+Yc( R _f^VcZTR] cR_XV `W 10, \X+Yc e` 4-, \X+Yc( R_U

R _f^VcZTR] cR_XV `W 23*. \X+Yc e` -,,*4 \X+Yc( cVdaVTeZgV]j* JYV `eYVc ac`TVdd T`_UZeZ`_d hVcV

T`_ec`]]VU e` SV eYV dR^V Rd Z_ =iR^a]V -*

[0073] [Example 3]

[0074] K_]Z\V Z_ =iR^a]V -( eYV _fT]Vfd Xc`heY deVa I., hRd aVcW`c^VU Z_ R dVT`_U cVRTe`c hZeY
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R g`]f^V `W 11 ^/* IZ_TV eYV g`]f^V `W eYV dVT`_U cVRTe`c hRd TYR_XVU( eYV R^`f_ed `W Z_ZeZR]

cVRTeR_ed dfaa]ZVU hVcV TYR_XVU f_]Z\V Z_ =iR^a]V -* IaVTZWZTR]]j( afcV hReVc( R .1$ ERF@

d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV dfaa]ZVU e` dReZdWj R _f^VcZTR] cR_XV `W -5(1/- \X e`

.5(.53 \X( R _f^VcZTR] cR_XV `W 2(00/*0 \X e` 5(221 \X( R_U R _f^VcZTR] cR_XV `W 13. \X e` 414

\X( cVdaVTeZgV]j* JYV W]`h cReVd `W cVRTeR_ed Z_ec`UfTVU hVcV R]d` TYR_XVU* IaVTZWZTR]]j( eYV W]`h

cReVd `W R .*0 D E;D d`]feZ`_( R .1$ ERF@ d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV T`_ec`]]VU

e` dReZdWj R _f^VcZTR] cR_XV `W 0(10.*2 \X+Yc e` 2(4-/*4 \X+Yc( R _f^VcZTR] cR_XV `W .(115 \X+Yc e`

/(4/4*2 \X+Yc( R_U R _f^VcZTR] cR_XV `W /54*2 \X+Yc e` 154 \X+Yc( cVdaVTeZgV]j* JYV `eYVc ac`TVdd

T`_UZeZ`_d hVcV T`_ec`]]VU e` SV eYV dR^V Rd Z_ =iR^a]V -*

[0075] [Example 4]

[0076] A_ =iR^a]V 0( eYV _fT]VReZ`_ deVa I-, hRd aVcW`c^VU Z_ R WZcde cVRTe`c hZeY R g`]f^V `W 5

^/( ]Z\V Z_ =iR^a]V .* JYVcVW`cV( eYV R^`f_ed `W Z_ZeZR] cVRTeR_ed dfaa]ZVU R_U eYV W]`h cReVd `W

cVRTeR_ed Z_ec`UfTVU hVcV dVe RTT`cUZ_X e` eYV dR^V deR_URcU Rd fdVU W`c eYV _fT]VReZ`_ deVa I-,

Z_ =iR^a]V .* 9UUZeZ`_R]]j( Z_ =iR^a]V 0( eYV _fT]Vfd Xc`heY deVa I., hRd aVcW`c^VU Z_ R dVT`_U

cVRTe`c hZeY R g`]f^V `W 11 ^/( ]Z\V Z_ =iR^a]V /* JYVcVW`cV( eYV R^`f_ed `W Z_ZeZR] cVRTeR_ed

dfaa]ZVU R_U eYV W]`h cReVd `W cVRTeR_ed Z_ec`UfTVU hVcV dVe RTT`cUZ_X e` eYV dR^V deR_URcU Rd fdVU

W`c eYV _fT]Vfd Xc`heY deVa I., Z_ =iR^a]V /* JYV `eYVc ac`TVdd T`_UZeZ`_d hVcV T`_ec`]]VU e` SV

eYV dR^V Rd Z_ =iR^a]V -*

[0077] [Comparative Example]

[0078] A_ R T`^aRcReZgV ViR^a]V( _fT]VReZ`_ R_U _fT]Vfd Xc`heY hVcV aVcW`c^VU Z_ R dZ_X]V

cVRTe`c hZeY R g`]f^V `W -- ^/* JYV _fT]VReZ`_ hRd aVcW`c^VU f_UVc eYV dR^V T`_UZeZ`_d Rd Z_

eYV _fT]VReZ`_ deVa I-, Z_ =iR^a]V - ViTVae W`c eYV T`_UZeZ`_d Rdd`TZReVU hZeY eYV g`]f^V `W eYV

cVRTe`c* 9d W`c _fT]Vfd Xc`heY( Z_ RUUZeZ`_ e` eYV T`_UZeZ`_d Rdd`TZReVU hZeY eYV g`]f^V `W eYV

cVRTe`c( eYV dfaa]j `W Z_ZeZR] cVRTeR_ed hRd `^ZeeVU( f_]Z\V Z_ =iR^a]V -* JYV W]`h cReVd `W R .*0

D E;D d`]feZ`_( R .1$ ERF@ d`]feZ`_( R_U R 5$ E@0F@ d`]feZ`_ hVcV T`_ec`]]VU e` dReZdWj R

_f^VcZTR] cR_XV `W 5,4 \X+Yc e` -(/2/*. \X+Yc( R _f^VcZTR] cR_XV `W 1-. \X+Yc e` 324 \X+Yc( R_U R

_f^VcZTR] cR_XV `W 35*4 \X+Yc e` -., \X+Yc( cVdaVTeZgV]j*
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[0079] JYV aRceZT]V dZkVd( daVTZWZT dfcWRTV RcVRd( R_U UV_dZeZVd `W eYV acVTfcd`c aRceZT]Vd Z_

=iR^a]Vd - e` 0 R_U eYV T`^aRcReZgV ViR^a]V V^a]`jZ_X eYV RS`gV)UVdTcZSVU ac`TVdd T`_UZeZ`_d

RcV dY`h_ Z_ JRS]V - SV]`h*

[0080] J9:C= -

Item Unit Example 

1 

Example 

2 

Example 

3 

Example 

4 

Comparative 

Example 

Particle 

size 

analysis 

Dmin s^ 0.4 0.4 0.4 0.4 0.4 

D10 7.7 7.7 7.8 7.7 7.6 

D50 10 9.8 10.1 10 10.1 

D90 12.7 12.2 12.3 12.3 12.6 

Dmax 17.2 16 16.2 16.5 16.4 

Span 0.5 0.47 0.52 0.51 0.53 

Specific 

surface 

area 

BET m2/g 9.5 9.4 9.7 9.6 9.6 

Density Tap 

Density 

g/cm3 2 2.02 2.08 2.05 2.1 

[0081] HVWVccZ_X e` JRS]V -( <1, cVacVdV_ed eYV RgVcRXV aRceZT]V UZR^VeVc `W aRceZT]Vd( R_U

=iR^a]Vd - e` 0 VRTY dY`hVU R <1, gR]fV `W RS`fe -,( hYZTY hRd T]`dV e` -,*-( eYV <1, gR]fV `W

eYV T`^aRcReZgV ViR^a]V* 9UUZeZ`_R]]j( eYV ViR^a]Vd dY`hVU <^Z_( <-,( <5,( R_U <^Ri gR]fVd T]`dV

e` eY`dV Z_ eYV T`^aRcReZgV ViR^a]V( Z_ RUUZeZ`_ e` eYV <1, gR]fV* JYVcVW`cV( eYV IaR_ gR]fV( hYZTY

Zd UVWZ_VU Sj =bfReZ`_ - R_U Z_UZTReVd eYV f_ZW`c^Zej `W aRceZT]V dZkV( hRd R]d` dZ^Z]Rc W`c eYV

ViR^a]Vd R_U eYV T`^aRcReZgV ViR^a]V*

[0082] P=bfReZ`_ -Q
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[0083] IaR_ 8 &aRceZT]V UZR^VeVc <5, ) aRceZT]V UZR^VeVc <-,' + aRceZT]V UZR^VeVc <1,

[0084] >fceYVc^`cV( eYV gR]fVd `W eYV daVTZWZT dfcWRTV RcVR R_U UV_dZej `W R acVTfcd`c hVcV dZ^Z]Rc

W`c eYV ViR^a]Vd R_U eYV T`^aRcReZgV ViR^a]V*

[0085] MYZ]V eYV acVdV_e UZdT]`dfcV YRd SVV_ UVdTcZSVU Z_ T`__VTeZ`_ hZeY d`^V V^S`UZ^V_ed

eYVcV`W( Ze dYR]] SV f_UVcde``U eYRe gRcZ`fd ^`UZWZTReZ`_d R_U gRcZReZ`_d TR_ SV ^RUV hZeY`fe

UVaRceZ_X Wc`^ eYV daZcZe R_U dT`aV `W eYV acVdV_e UZdT]`dfcV( hYZTY ^Rj SV RaaRcV_e e` R aVcd`_

d\Z]]VU Z_ eYV Rce e` hYZTY eYV acVdV_e UZdT]`dfcV SV]`_Xd* Ae dYR]] R]d` SV f_UVcde``U eYRe dfTY

^`UZWZTReZ`_d R_U gRcZReZ`_d SV]`_X e` eYV dT`aV `W eYV T]RZ^d RaaV_UVU YVcVe`*
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WHAT IS CLAIMED IS: 

1. A manufacturing method for a positive electrode active material precursor, the method 

comprising: 

a nucleation step of forming nuclei of the precursor in a first reactor; and 

a nucleus growth step of growing the nuclei formed in the nucleation step in a second 

reactor, 

wherein a volume of the second reactor is larger than a volume of the first reactor. 

2. The method of claim 1, wherein the volume of the second reactor is 3.7 to 9.2 times the 

volume of the first reactor. 

3. The method of claim 1, wherein the volume of the second reactor is 33 m3 to 55 m3. 

4. The method of claim 1, wherein a time taken for the nucleation step is shorter than a time 

taken for the nucleus growth step. 

5. The method of claim 1, wherein the first reactor includes a plurality of first reactors and 

the nucleation step is performed in each of the plurality of first reactors, and, 

wherein, in the nucleus growth step, the nuclei formed from each of the plurality of first 

reactors are grown together in the second reactor. 

6. The method of claim 5, wherein each nucleation step performed in each of the plurality of 

first reactors is performed simultaneously. 

7. The method of claim 5, wherein each nucleation step performed in each of the plurality of 

first reactors is performed non-simultaneously. 
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8. The method of claim 1, wherein the nucleation step includes: 

a first nucleation step of forming nuclei of the precursor in the first reactor; and 

a second nucleation step of further forming nuclei of the precursor in the first reactor after 

the completion of the first nucleation step, and 

wherein at least a part of the second nucleation step is performed during a nucleus growth 

step of growing the nuclei formed in the first nucleation step. 

9. The method of claim 1, wherein the nucleation step includes: 

a first nucleation step of forming nuclei of the precursor in the first reactor; and 

a second nucleation step of further forming nuclei of the precursor in the first reactor after 

the completion of the first nucleation step, and 

wherein in the nucleus growth step, the nuclei formed in the first nucleation step and the 

nuclei formed in the second nucleation step are grown simultaneously. 

10. The method of claim 1, further comprising a storage step of storing, in a storage tank, the 

nuclei formed in the nucleation step, 

wherein in the nucleus growth step, the nuclei stored in the storage step are grown in the 

second reactor. 

11. The method of claim 10, wherein in the storage step, the nuclei are stored at 40°C to 60°C.  

12. The method of claim 10, wherein in the storage step, the nuclei are stored at a pH of 9.1 

to 13.7. 

13. The method of claim 10, wherein the storage step is performed for 48 hours or shorter. 
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14. The method of claim 1, wherein the nucleation step includes supplying an initial reactant 

into the first reactor, and the initial reactant is supplied such that a liquid level of the initial reactant 

is 20% to 30% of the height of the first reactor. 

15. The method of claim 1, wherein the nucleus growth step includes supplying an initial 

reactant into the second reactor, and the initial reactant is supplied such that a liquid level of the 

initial reactant is 20% to 30% of the height of the second reactor. 


