
AMPEREX Ex. 1002 
Page 1253

Espacenet - INP ADOC patent family Pagel of 1 

. . ' . 

·l, High-energ1-densit1 Ni-Co-based lithium ion QOsitive electrode material and Qre~aration 
method thereof 

Inventor: Applicant: CPC: IPC: Publication info: Priority 
LI NANTONG RESHINE HO 1M10/0525 H01fv14/525 CN104701534 (A) date: 
XINGCUI NEW MATERIAL CO HO·: M2004/028 H01M4!62 2015-06-10 2015-
IKEDA LTD H011\14f'l'.3·1 G!obal Dossier 03-31 
KAZUTAKA (+5) 
(+4) 

2. AQUEOUS COATING METHOD FOR HIGH-VOLTAGE LITHIUM COBALTATE POSITIVE 
ELECTRODE MATERIAL 

Inventor: Applicant: CPC: IPC: Publication info: Priority 
LI NANTONG RESHINE HO·: M10/0525 C01G37/·:4 KR20170117541 (A) date: 
XINGCUI NEW MAT CO LTD H01 M2004!028 COiG53iOO 2017-10-23 2015-
IKEDA [CN] HOHv14/131 H01M10/052 Global Dossier 03-31 
KAZUTAKA (+5) (+3) 
(+4) 

3. AQUEOUS COATING METHOD FOR HIGH-VOLTAGE LITHIUM COBALTATE POSITIVE 
ELECTRODE MATERIAL 

Inventor: Applicant: CPC: IPC: Publication info: Priority 
LI NANTONG RESHINE HO 1 M ·: 010525 H0iM4/525 WO2016155314 (A1) date: 
XINGCUI NEW MAT CO LTD HO·: M2004/028 H01M4!62 2016-10-06 2015-
[CN] [CN] H01M4/13'1 G!obal Dossier 03-31 
IKEDA (+5) 
KAZUTAKA 
[JP] 
(+4) 

https ://worldwide. espacenet. com/ pub licationDetails/inpadocPatentF amily?C C=CN &. . . 2020/12/09 



AMPEREX Ex. 1002 
Page 1254

Espacenet - Bibliographic data Pagel of 1 

~~i[~h.--t1nl~ftJY---deni-;~t~l t·~H .... (:i) .... t~ai-;f~d ijthiurn it)n pt)sithtl~ f~il~ctrt)ds.~ n·1ats.~rt~~j and 
pri~parat~t:H1 n·1~1th{)d th~1r~1t:::t 

lnventor(s): 

Applicant(s): 

Classification: 

Application 
number: 

Priority 
number(s): 

LI XINGCUI; IKEDA KAZUTAKA; SONG WENFENG; XU GUOGAN; 
WANG FEIFEI; ZHOU LUOCHENG ±. (LI XINGCUI,; IKEDA 
KAZUTAKA,; SONG WENFENG,; XU GUOGAN, ; WANG FEIFEI, ; 
ZHOU LUOCHENG) 

NANTONG RESHINE NEW MATERIAL COL TD::. (NANTONG 
RESHINE NEW MATERIAL CO., LTD) 

- international:H01M4/525; H01M4l62 
- cooperative: H01M10/0525 {CN): H01M4/131 (CN): H01M4l1391 

{CN}; H01M4/366 (CN): H01M4/525 {EP, CN}; 
H01 M4/62 {EP}; H01 M2004/028 (CN): Y02E60/10 
(EP) 

CN201510144367 20150331 Global Dossier 

CN201510144367 20150331 

Also published KR20170117541 (A} V\1O2016155314 (A1) 
as: 

'Tht~ lnvt:~nt!on cHsc!ost~s a h!~1~·1---t~nt~r9y---dt:~nsit:/ Ni .... (:o"bas{:.~(i nth!t.H1'1 ion poslt!vt~ 
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1. - #~~~;'&'It s"JittE~ff ~-=r IEt&1J:¥4, ~tt1iEar =~M s"J 1t"''f iffi:rtT'J = 
LiPNixCo1 xMm02 , Jttp 0. 95::::;: P::::;: 1. 25, 0. 6::::;: X < 1, 0. 01 ::::;: m < 0. 12, M T'J1tHi~JfLJ, 'filql;,j;J 
-'¥11:-Jr~·ritmmi N,N Pfr~~M,e,JJXi;s"J o. 01 ~ 25wt% :PJr:i£s"Jffll.~-=f={'j(E§.1ilis"JiEt&M-'¥l~ 
T'J-*~-=f-~W~~=*~-=f~-*~-=f,~-*~-1-~=*~-=f~m*~-=f~~" 

2. tlH!is ;j;)UU JI* 1 Pfr:i£ s"J r§'J ~~;'&' ~ s"J {JUE~@~ -=f iE t&M *"' Sb tu~ tfrt' ~t~1iE tE 
r :'E1ti5~DT w~!~ : 

ffi-W,fi~-=f=*E§.~iE~MMfrTOO~~~~= 
a,1$mlS"JWctU :t~~~ btNi :Co =x: 1-x WctlJ~'IEP.if~1$miAL ftifdi1$mlrp ~~~-=f 

1!R&T'J 0. 5~3mol/L :Wc$1Jii<.&7'J 1. 5 ~ 12mol/L S"Jf~1$1,F:i,@c$Uit.lt7'J 0. 5~5mol/L S"Jfiif 
JfU1$ml, ~rp 0. 6::::;: x < 1 : 

b, f}] rt ss WG $1J : tE &E ~ :ff er ttA~ 7](, 3'f )=IH~1$1l ir.J 11 ffi'. rt s"J pH f]L 3'f 1l =J9' &E ~ 
:ff fl3 El'J~Jt79 40 ~ 80°C, [P]StiffiA•!l·['i.~~' 3'f~~~~&Jfil:i:tf¥: 

c,frr~tx:~s"J&Jfil :rtJ&Jfil~~~fl3:1JnAA11$rf.~$UiliEJ!T'J 3 r~ 20L/min, fwl □ttJHJ:1JnA 

~; tt if 1fU *lf~ 1$ 1ft , 1lN &Jfil ?6 :ff fl3 El''.! 11ffi.lt 7'J 1 o ~ so °C , ifiiJ 11 tfil tt 31& 7'J 2 oo ~ 9 sor / 
min; 

d, [f!]rt 71'--~ =~~W#I c er tm:¥4Jtl:ff:zzTIIT ~;@, if ~s"J =5GIEt&;,j;Jf4frT~tx:~tt ~,~~Ht 
j:!J:ff Im r1Jl71'--·~, ffl ~ ·~-=t-7.k1JG1j u1fl 1l:B-~ Jifr1ift R"J --:jf;Jit&M:¥4frT~~, rt~ 11P 11ft Jifrrlfi R"J--: 
XflU~lX:{<is: A2, A2 ~ft•'y:J'tT'J NixC0 1-x (OH) 2: 

ffi=W,fi~-=f=*E§.~iE~MM~~4: 
e, -{'j(mta :i~ffll.iJffitmmi ,A2 ;fPJf}~ifU M tmJ9:i~~~71'---=f :rt LipNixC0 1_,Mm02 tp S"J btiJUJtl:ff 

¥fe#,Jttp 0. 95::::;: p::::;: 1. 25,0. 6::::;: x < 1,0. 01::::;: m < 0. 12, M79ti*n1J, t;,t1J:m~Mml.Ii 
7'J 400 ~ 105o'c, m~asti'AJT'J 4 ~ 4oh, ~Jt~a:ctffiliffiAS::~wti·iv=c, ~~~Jtta;;; s"Jtm:¥4ti~t 
li¥, Jt~, ~i't~~ I ·z:~:fl:!l, 11ft:¥1JMl4 A : 

f' * TiiJ ~:@ : i~M *4 A Jtt1T7](1Jf;~;@ 12), p~ffH~~.S:' tmmi A ~ 7j( s"J lt17u m ~ 7'J 1: 1 ~ 
1: 6, 7J(;5'cJ§ttrto/Jl4:=tfi:i:tff"m : 

g,'film :l2J, r ~:@Fos"Jtmi4~tmJm A 79~ft,a~1t1.-.'film1~·r1tmtmJm N,'filmtf1t7'J 
:=t:rtt111i,11iE:ftfl'fi~J~1JC¥JEfl'fi1t,~cp, N Jifr~~M,e,JJXi;S'J o. 01 ~ 25wt%: 

h, ={J\~ $ {J\mta : iiti:i:t g 'fil'fi ff s"Jtm l4Jtl:frmta, mta :±11ilili~tu tE 400 ,~ 
10 5 0 °C , ± 1flii [2SJ~ to st i's] 7'J 3 ~ 3 5 h, m tti it f¥ tp r!fi Jm A 5:: ~ ~ ~ ¥t ~ , tlH!is ~ 1:Tb'ri §~ ~ * , PT 12), jtJ: 1r - {)\ 12), 1:: mta , m ta ~1tt: rwJ ---. {J\m ta : 

m~Fo s"J412lll·f~~B rmJIJtl:ff Iffi'.:W ,71'--f;;& ,:ctff"m, ~if}~IZ:~llo 
J. t~ffl;j;.£,tLJ~}f< 1 fofr:i£A"J r§'J ~~.m'&' liA"Ji;!\HElHIJl./iH~ iEtiMf4A"Jtu~ tfrt. Jtt~1il:tE 

r:M~W~acrNffi'.mi79~-~~-~-~~~~-~ffcp11'J-#~-#LlJ:11'Jmifm 
ml :f~1tJfUT'J~JJ(, :fwt~~~~-Mt~~ft;, :fwt~~tt,rrtl~~5fP t..,=~t VCJ =~~=tP'J er Rs-#~-:,frft 
Ll J: '/EE, if 1$ 1ft o 

4. tlH!rHX5flJ JI* 1 JiJri:t O"J r\5':i~~;_~, Ji'. 0"J il'B1i £ff ~-=f rE t&M *411'JtlJ ~ tfrt' :ftt~m= 
tEr :Pfr:i£W#I a cri~Ut, FE i!;.1i1ft.1'.IE!iEJJH!t. -~~lrJH!t.;fn~1ttt;_ er s"J-frft~-frft 12J,J:riif1$ 
mlo 
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T :fafrj£-tv~f h ~ Pll fl'[i}lfif~ 8. 5 ~ 13. So 

6. :tlHA!l ;j;JUU JI* 1 pfrj& Bf.J r'§'J fjt_;_e ,It Bf.J t)!Hti ~ff~ T iE ;t]>Z;j;J f4 Bf.J tu~ 1Jit' JlA~Hif:tE 
T :fJrj£-ti7~f C ~ PlJ {J[im]71~ 9. 5 ~~ 13. So 

7. :tlHJis;J;XlUJI* 1 Pfrj£Bf.J r'§'J fjt_;_e Jtsf.JiJiHti~@~-y iE:tlkMltBJ.Jtu~ 1J'lt, 1t4~1iEft 
r :ltl~IR~ A2 O"J D50 f11[ll79 5 -~ 22 µmo 

8. :tlHAHXlU JI* 1 fofrj£ Bf.J r'§'J ~t_;_e ft Bf.J tJiHti ~@ ~ T iE tl>ZM *"' Bf.J tu~ 1Jit' ~4~1iE ft 
r : fafrj£ Of.J fllJJJlUW JW m; § ~~ 1t ff, IHt~iE!!., ¥ t1ff ~ of.J - 1~ !!X $1~ Of.J 'IEE ii"~ o 

9. :tlHAHXlU JI* 1 }1frj£ sf.J r'§'J ~t:i:E Ji sf.J {JHti ¥ff~ T iE :tl>ZM f4 Bf.J tu 1& 1J'lt' Jtt~1iE ft 
T :f1frj£6f.J1#~ifU M 79 Cr, La, Ce, Zr, NL Mg, TL AL Ca, V, B, Be, Y, Mo, Tb, Ho, Tm B1iA1t 
~, ~ 1t ~, ~iA 1t '.j:?l], ~ ~ ~ TJl '.j:?lJ, 11~ t~ liE., TlTiEt~liE., ~ ~ liE., T~ t~ liE., ¥ t~liE.9X-'=5 Jt11h ~ ~ 
~~~~~-~~!!X½~-~~~-~!!X#$~~m~~. 

1 o. tlH~t2lU ~ * 1 faJrJ:f> 6f.J ~ ~~_;_e Ji 6Stlfil ~ff~ -=f iEtlkt-.t:¥4 6f.J flfU ~ 1J)t, Jtt~1iE 
ftT :fifrj£-§qis1'1iEdi~J:ff! N 79 Li --½ Cr, La, Cc, Zr, Ti, AL Ca, V, B, Be, Y, Mo, Tb, Ho, Tm 
611[*¥t1t'.j:?JJ, ~ Li ~,~'.j:?l]m :~~1tff ,~t1ff ,~t1ff ~ Bf.J ·1~!!X$1~6f.J'IEBff~ ;--'::] Cr, 
La,Co,Zr, Ti,Al,Ca,V,B,Bc,Y,Mo,Tb,Ho, TmS1iA1t4t,~1t4m,~iA1t4t,~~~,tJL4m, 
11~ J1M;.' ME@~M;.' ~ J1M;.' irn~M;.' ¥ lr1~ 61 '/Fe if~ 01-f~ !!X # $ f~ 61 'IEE~~ 0 
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1Ji#~~±§x 
[ 0001 ] * /:Z RJH-& Jk ~ f$ 4:J. 1':&'i-=f ~ '/fil _if tktM i4, t~ !iJlj 1-& Jk ~ f$ /§')§~;.&'ft s':J 4'JJti lHJ. r':&'i -=f 
i:g 'lili iE tlUJ '¥4 lk :tt fffU ~ 1Jrt. o 

.::11:..sel.-f:±-,l,i 
F':I ~1X./I' 

[0002] ff ~-=f Ft!ith~~ _ffi:;. ~, #:;f9 1J\, JJ>Ufi f '§' r'B'i, ~ ;.j_:-,fJe:ff %$*, xii:Hl5i>l@ ~ 
f:Le, JArm'tElrit@ffliU-¥ifJL, ~ic* ~~~~f.$i}J ~-=fi&t~, !PlBttEitEl@ffl -f Ami'.£,~ 
i}J rtz 4: , M:xM2: ~@ui 0 

[0003] LiNixCol /l2 co. 6 < X < 1) iEtktM't4~~ 7tii"W3iff:tPtf~3iffB/,J1t,e,JJ,,£~[::~~; 
/§') 'fJe:ff ·ti ~tH, M* f~;f P:ff ~1'5 ~JJ\ ~1)t,e' 1B.~ 83 T /§'JtJM'¥:tffft3@r Ni 2+xl ~5Eii'::~1t 
r:\'; · 3+ rFrt B J;;fr 2c, • 'fi I,± S '-+ :fr::J rh • · 2+ !::::: • 3- ' 'cil I I I rr.1 r1s l4f -=z'.. 'B -H~ rr.1 ffi I l rFrt A 1 1 , rr.1 -1-l-, :f/--L ,_,___, ti-t­
PX- N1 , 11u -tr::t:)(. IPJ"illll~n 1cn,D_11'£ T N1 -'---:J N1 Z !SJ rnJJt'.1, ""' J 1toiorn--JJI'.~, IY\ 11u -r; rnJJi'.1!.~~:cUE' •,r. 

&. ~ lk f PXJEJJ,,£ ~ 5i>l $ 1~ ~~Hfi o 
[0004] § $jg 7 fff~?krlt lr:iJ :!ML ){if rltfiltft/Hj~'E1m2i't't~, l'iJri~~ JE;f'ilts.(_Jejz:w 7 Jt ~B ~ 

-=t-1GtJ~l:J~~, ffi5E 7 tst1J, {§__:.¥: rn+ti*wti1111 s/,Jtmm:i jg~~1r1f·titmm:i, a~ 5EtiltJ::JfH~ 7 
~'lms.(_J t:~~ ;[ o 

[0005] jg 7 fff~~J::j~ 101 ~' *xlffi:tt.xt LipNixC01-x02nt1Tti*.xt :tt3tl:tf 2i·tif.i 5EH'¥4B/,J 
ttf¾!, Niffi:ttT1:fiit'l'itmm, :it!:~w i:&NMi4s':J ~ 1t~·[·if3~, ~f:Z.t~ /§') 7 Mt4 B½f.~ JE:'f'i;fP /§') 

~tt~.~~~~*~1t~m~YHM~~~~tt~,~~~~~~~~~1E~~~$W 
p)T}~r'B'i 0 

~aJH1-J~ 
[ooo6J tt~ § s/,J =*tt~t~{tt~f$ /§') [3~;~ &A"J41Jti¥ff ~+ ~imi!_JR:M'¥4 &.:ttfffU~ 7J 
1t:., JJ_ rnf 12:BIUi~vt,F: s/,J ~ fE o 

[ooo?J tt *7J~: ~ f$ ~ f3~;__w 1!t s.(_]4ftii"¥ff ~ ~ iE;tJH 't4, ¥1J A/,J 1t~ilrt;jg: 
LiDNixCo,-xMm02' jt q:t 0. 95 :::;: p :::;: 1. 25' 0. 6 :::;: X < 1, 0. 01 :::;: m < 0. 12' M J~ti*m' 1~HIM 
't4 jgi~·ritmm N, N pfi r1:T .JlHJi;tJW .mo.(_J o. o 1 ~-- 25wt% :Pfi:i£ D"Jff ~-=f =1x ~iili GS If tffi1tt4 ~ 
~-~~-=fffl~illM~=~~-=f~-~tt-=f,~-~tt-=f~=~tt-=f~miftt-=f~Mo 
[0008] pfi:i£o.(_J 1§'1 §~;__* f:~J.(_J{JA:1i.liHJ ~-=f IE;tJUJl4o.(_JwiJ~ 7J'I!' 'E1t5~DT-ti7~1 : 

m-~,fi~-=f=~~~_ifmHMMOO~~~~: 
a,i{HJ5lB.(_J@ctU :t~~~ t:~ Ni :Co =x : 1-x WctiJM'IEP.if~1{H&AL fti~ ~1$1& rp ~!f.ij ~~ 

1:-&ff.jg 0. 5~3mol/L ;"@Gt151jj:,&ff_jg 1. 5 ~ 12mol/L S/,Jf~1$1-&, WGt15Ui:,&ff.jg 0. 5~5mol/L S/,Jfiit 
1TU1$ml, Jtrf:t 0. 6 :S:: x < 1 ; 

b, tJJ 1-& s/,J WG fffU : a.&@~ :g q:i ttA~ 7J<., 3f ffl 1i~)$'/-& ifliJ 111$ ml S/,J pH f]L 3f {~ =t~ .&& ~ 
~P3s':J1ffil.J.t7910 ~ 80°C, fBJBtJiA·flg''[tt~W, +Fm-~~~&@:tlfi: 

c,$)½lx.~B"J.&@ :[A],&@$%lrf3:1JnAAl 1$1-&,~wUiJiEJ!jg 3 r~ 20L/min, f1:u □ttJtt:1JnA 

~;.tiif1TUlP1i~i@'.1-&, {~tH .&@~~ rf3 s.(_J11ffi.J.tjg 10 ~ 80°C, ifliJ-=p:J'JM-'!':J!J.tjg 200 ~ 950r / 
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min ; 

d Ji1il 1t?J"" ~ : ~~ w #I c q:i ~m f4 Jtl:11°* urr ~:Et, it m s{J = JGlE t1HJ f4 rlu ~~ ~tt ~,~mm 
Jtl:ff [r't] if½"-~, ffl ~ ~-rJJ<.15tdi [r't] 1¥:l?J"" ~ ?lr1~ R{J =ji;iEi'LzM:f4mI~~~' T-11 ep 1~ ?J-rrm R{J = 
JGlW~~~ A2, A2 s{Jft-'¥=A7'1 NixCo]-x (OH) 2; 

ffi=w,W~-r=~~~~mMM~~~: 
e' ~ {J\mta :~~-i~tm )ffl 'A2 ,fn tt~1fU M 4m )ffl ~ ~~7J""T A Liii ix Co l-xMm02 q:t s{J bt iJLl Jtl:ff 

1Ei!il'-,~q:t 0. 95 ~ p ~ 1. 25,0. 6 ~ x < 1,0. 01 ~ m < 0.12, M7'Jt1J:*fiU, Wfri1Jt,lHa1ml.li 
7'J 400 ~ 1050°c, ~Jttaa-trsJT'J 4 ~ 4oh, mtattfiiffiAS:'.<=(wt{'f·~~, ~~mta ro s{Jtmf4f'.~Mz: 
1i¥, 71"-tli, [)it~~ I Z.:~~-, 1~iLl;f-Jf4 A ; 

f, *Tio~ JI : ~~ M f4 A Jtl: 1T JJ<.15t; ~ JI Ll P~ 1EH~ -a- .S: , 4m Jffl A ~ JJ<.s{J bt 17Hri lil 7'J 1 : 1 ~ 

l: 6, 7J,JJ'cf§ittmf4:=tfiufflfi ; 
g, 'EL:fi : Ll f ~:Elf§ 8"14ml4glttmmJ A T'J~ft, a~1$J-.'E1:fi1lditmtmmi N, 'E1:fi7JYt7'J 

:=t:rt·rHi, 11iEAT11'i!IxJt1Ji:iJET11i1!, ~ q:i, N Pfr 6 lHJ ,B,JW m. B''l o. 01 ~ 25wt% ; 

h, =1j(glt g; 1J(mta : i~~1tt g 'ELm ~t 01 ~ f4Jtl:;ff m~a, mta ±i'ril.1.!U'£~Ll a 400 ~ 

1050 °c, J:::1m1.1~J1iaaJ rsJ 7'J 3 ~ 35 h, mmttf¥ q:t rmimAS:'.~!Ix~~~, +~umr 1:Tb'ri~~JI 
*, 1=1J LljtJ:ff-1j(LlJ:::mta, tHa~i't ~ =1j(mia O mia J§ 0q~f4m~,~ fi~jtJ:ff:tit1i¥, 71""t1z, 
Mfili, [)i~~IZ:~:fJ.o 
[ooo9J fr= T'JfJUt :Pfr5£w #I a q:i lifox1$1¥:l7'1~~1'tif1, ~~f,.t/FIJJ;fP~~ftff q:i s"J ~f~glt~ 
1~ Ll --1::: s{J 1Ei! it ft 1t dtit m J') ~ JJ<. , ~ 11r1 ~ ~-- :tiJiur1ttt, 1wnr1att Arri t110 z:, = B~ [[l = t1 = trJ 
q:i 01 ~ f~ git~ f~ ~.J, r.1Ei! if i~ lfl:io 
[001 0] if J')f)1At :Pfr5£w #I a q:t t)it!!i:, tit i!;.1$1,&J']:ti]iEt1~-- 11~ tJUtlni(Jt~ q:t 81 ~ ;f~glt ~ 
f~ ~.1, r.1fl!it#f 11:1:t o 

[0011] ffT'Jfift :?JrJ2EW#i b q:t PH f1U)BJ11~ 8. 5 ~ 13. 5o 

[0012] fF79fift :Jifr5£-W#rl C rp PH f~:i.[11]11·~ 9. 5 ~ 13. 5o 

[0013] if T'JiXit : flU ~~~ A2 81 D50 Tu:~ 79 5 ~ 22 µ mo 
[oo14J il79fiit :Jifr5£B1ilf~~m:tm ~ ~~fttl ,~MtJ. ,1~qg~tl ,ti sq~frttg1t;tfrfts11i if 
~o 

[0015] fF 79iXil :Pfr5£B'J}$~1fU M 7'J Cr, La, Cc, Zr, Ni, Mg, Ti, Al, Ca, V, B, Be, Y-, Mo, Tb, 
Ho, Tm 81il/ft~, IZffttm,~~ft~--~~~:trltm,fi~t~~--:tiJiUt~~--fwHt~~--~t~~--¥~~glt 
~~~~~~~~~~-1'ttm!Ix~~-~tm~-#!Ix~$#~m~tmo 
[0016] ifT'JiXit :?J-ri£'E1:fiB"Jir1ditmJj N 7'J Li -tJ Cr, La, Ce, Zr, Ti, Al, Ca, V, B, Be, Y, 

Mo, Tb, Ho, Tm B"J:![ "Et~it4t, g1t Li f»RtmJffl :~~itff ,~~ff ,¥~ff q:i sq~#glt$#s"Jfm 
if~ ;E] Cr, La, Ce, Zr, TL A 1, Ca, V, B, Be, Y, Mo, Th, Ho, Tm S"J~ft4m, 1Zf it4m,~~fttm, 
~~~tJLtm, :ti~t1tt:, 11;tt1tt:, ~t1tt:, ~t1tt: ,¥t1tt:s{J1ii'ttms{J~ 1~glt~$1~ s{J1ii'ttm 0 

[001?J ~:6:iiJ!l.* :*l5t~ ~t~tti=xmI~l3:~7'1JiM;~;ttln'.iJ.E.&G., JG:!Ufl!it:l::>J5J, &@ft 

71"-' 1B' ,f Ll r Jl} ~% s{J t'£ tLl O = JG r'§'J tlM ;fj. Jittti~ ~'§: s{J JG~~& ~s ~ T li ;jclf'JJ]l fu_' f,~ IE 7 ia 
~,m~7~~MM~~~tt~~~~tt~,'EL~mtt~JW#-5E~~tm~TMM~~ 
1j(-JttJ!l. ~J!l.$tn~t.S:lli' JI o 

5 
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~Pf~~~ 15" rt 
[ oo 1 s J r oo ta~~~~ JJfil ,wu xJ :z1s: :& 6J:] 11: ill~ w m 6J:] = 

~ JJffi iJU 1 : 
fllT~IR~S1fffiJ ~ :Ni :Co=O. 6: O. 4 llitfffiJ JJ½ O. 5mol/L S"11m~1~Vii AL J!EfffiJ 1. 5mol/L S"Jit 

~1tifl#fiti:t;fP o. 5mol/UintJtJH:ti:iWWi :11:&@~~9P1:'F.A~J](, #ffl 1. 5mol/L ~~1tifl1W1ti:t 
1Jiif'p1JJ1is<J pH {11)9 8. 5, ijj'jj~ &@~ff pg 6"11.lfultJ'.i 40°C, $½J!J'.I 200 r/min, iffiA.ffl.~ ;tjj'jj 

~ A 1 1# ii O<J 1/iE~ 79 20 L/ min, fPl Bt ~!Hf ti :1Jp it~ ft tfl ;flJ ~Tit@:'~ t_t , =1:'i tv:li'. it iiJ ~ * Bt , ill ff IE! 
115:l?J\.~, =f1i, f{tfljfofrf!BS<Jfir~IR~ A2o 
[0019] iEi'JHJ :¥4 S<JfffiJ ~ : i'ij-~~ ft i,' A2, t:J &~~ ft fat.Ji fttHr--1-:it LipNixC01-xMm02 rt, s<J 
b~iJUillff)Ge~, J:t9P p=l. 25, x=O. 6, m=O. 12, E2$H3Ha1.lfult79 1050 °C, mtastfsJ79 40h, m 
tattl11Ull1A.2h=(, i1It1tiaf§'Et':J~l4§'.f~Jtfi¥, ,frf&, ~tt~~IZ:~:£1, fijiiJM:¥4 A: 

*rnj~:£1 :ffifttt A :7]( =l: 1 S<J b~,Wlj]ttffJ]()Jf;, =fJi,Jiifllf : 
1'11i : LlJ:it~ll:Hi't':11¥ i:fp 79~~, tE~~_t 1'111 LiCr02 , 1'11:IJf;;tjJ=f:itt'Lti, N Pfr di 

~Ml;tmt;.s<J o. 01%0 
[0020J = {xmitr = i'ij- _t;&~ll~r s<J tm :¥4 ill ff= {xmta, mta 1::1.lfurt E2 *IJ a ,1 oo 0c , ±Jlffi. IX 
s<Jt'HastrsJ79 35h, mta:i:1:t'f 9PiffiA2h=( o 

[0021 J ~JJfiliJU 2 : 
$~~itA<JfffiJ~ :Ni :Co=O. 85:0. 15 ]l'icfffiJIBG 3mol/L A<J)EEifi{Hi Al, ]l'icfffiJ 12mol/L R"J~iA 

1ltfli{H,&,tP 5mol/L~Jtt:W'~t$:~~i,& :tE&JSiZ~ff 9P)iA.~7](, #ffl 8mol/L it¥t1tJP31~1,&ijj'jj~1}] 
)fZ01 pH u[jJ 13. 5, ijj'jj~ &@~~pg 01).lfuJijJ 80°C, $½J!jJ 200 r/min, imA.ffl.~ :ijj'jj~ Al 1ft 
1W S<J 1JiE J! J'l 3 L/ min , fPl st ~l-ti ti :1Jp it ¥t 1t tfl ;frHi}it t~ t:ti: , ':1§ tv: lt it iiJ ~ * Bt , ill ff Irr! 10I ?J" ~ , 
=f1i, 1~:¥1JJ1frrmD<JfiT~lxit A2 o 

[0022] _i:E;j;J>ZfJ :¥4 B<Jffflj 1& : ~'ij-~¥(. 11'.. ffl!., A2, b:J,&~¥\, 11'.. tflffi ft~?J\.-f":i:\:; LiPNixCo J-xMm02 9P 61 
ttf71Jill1"r1m~, Jtrp p=O. 95, x=O. 85, m=O. 01, E2.fffiJmta1.lfult79 400°C, ;t~JaBtfaJjJ 4h, mta 
jj:fjjijA_~h=(, ~'ij-mtaf§'S1~14ff~W, 7J\.g&, ~J;t~~IZ:~l!., 1~fiJM14 A: 

*00 ~JI :tiift~ A :7]( = 1: 6 61 b~171Jillff7K11t, =tti, ttifffi o 

[ 002 3 J "El qi : Ll J: it~ l!~f 61 tt i:fp 7'J ~ ~ ' ft~ 1$ _l "El 11 ~ 1t ti§ ;f P Li 2 C03 6111,'e ~~ , "El 11 
7J1~79=fA-r11i, N Pfrr!i~MltI!Wm.S':J o. 01%0 
[0024J ={Y:mta :i'ij- J:j* ~11Hr □'Jtm:t4illff ={):mta, mta :=t1MltE2*ua 1050 °c, :=t1M 
IX S':J{Jtt6Bt i'sJ79 3h, ;t)tt6ttfi q:i imA.2h=( o 

[002sJ ~JlffiiJU 3 : 

BU~IR#:S"Jffflj ~ :Ni :Co=O. 80: 0. 20 TiicfffiJ JJ½ 2mol/L s11IB~1{Hl Al, i£$U 2. 5mol/L st~ 
~1tifli{H0l;fP 1. 8mol/L ~Jit@JHPiimt ;tt&JSiZ~fl: 9P1iA.~7j(, # ffl 2. 5mo 1/L ~~1tif11ii& 
ijj'jj~1JJ1is1 pH {iJ'.112, ijj'jj~ &@$~pg 611.lfult;'.I 60°C, $½3£)'1 500 r/min, iffiAm~ ;ijj'jj~ 

A 1 14H&A11fit::ii79 lOL/min. fPlBttl-tiil:1JP~iA1tifJ;fP~~~tP, ':1=3tvJiitiLl~*Bt, illfrlF1111i 
?J\.~, =tJi, 1~fUPfrflBS1rm~IRW A2o 
[0026] ff i'lHJ :¥4 O"Jfvlj ~ : i'ij-~~ 1t ffl!.' A2, l'JR:~ 1t tilrffi ft~ -5-r-f-:it LipNixC01-xMm02 9P 01 b~ 
1JUill1J1Ge~,Jt9P p=O. 11, x=O. 80, m=O. 04,E2fffiJmta1.lfult79 400°C,fJttaR,tr§JjJ 4h,mtatt 
f'11ifilA~ h(, i'ij-mta!BB1~l4~~Ji&:W, 711..w_, ~it:>\~IZ:~lJ, 1~fiJM:¥4 A: 

6 
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CN 104 701534 A 4/4].f:( 

'Elm: 12), A 7'J¥~,-tE¥~J:'Elm LiAlOz, 'Elm7Jit7'JTA'Elm, N ?Jr ~¥M,e,Jlli;R'.J 
0.08%0 

[0027] = lJZt'Hfi : it J:;£~~~f R'.J !Im *4 ill fr= t5cmtff, mtj'f:± 1.ffiili ~ !ffU ?t 7 50 °C , ± 1.ffii IX 
s'.J~taatr8J:iJ 6h, mtattlffi "PiffiA~~ 0 
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EJil1!i(J(Jrat1!·11c tle1t.e1: f{R.2tl·'t 6t1{)9.2iiif6 f~~ l .. ~~~~~~ :lo~1 s-{)8~05 
................... ~~~ ....... ~... . ..................................................... ~ ...... -~ ............................................... . 

Pl)SfTl\lE AC~1--~\IE f\JtG.
0 fER.t~\L Ft)R RE(;tii\R(iE.~\BLE Lr1liilJ~1 Bi\ 1--·rERV·~ 

~1E·'rJ--j()[) ()F f--)t'iEf--).\~.RiN(3 l"t--~E S/ .. \n:lE~ t\N[) RE(;~-it\R(3E.\~.Bt~E t..~·--ri--iilJn:i BA"TT'EFt~{ 
INC:LlJ[1iN(i --rt--ll":~ ~3i\fu1!":~ 

lnventor(s): CHOI SU AN [KR]; JEONG HO JUN [KR]; JEON SANG HOON 
[KR]; YANG JI WOON [KR]; SHIN JUN HO [KR]; JEONG JIN 
SEONG [KR]; JEONG BONG JUN [KR]±. (~19-0,; ~2.-2",; ~.g 
$ .o~;x:10 -.J--!=_2. .;,;;:;;q;.., .;,;;:;.s:!_:::<::) ""i:!:",, o ~,, L..:"'i!:" ,, OL..:O,, oo"i:!:" 

Applicant(s): L & F co LTD [KR]±.(~~ 21 J..r ~ <211 OJI n) 

Classification: - international:H01M10/052; H01M4.136; H01M4.1505; H01M4/525; 
H01M4.158 

Application 
number: 

Priority 
number(s): 

- cooperative: Y02E60/i 0 (EP) 
KR20160010361 20160127 G!oba! Dossier 

KR2015001325120150128 

Also published KR"!OH88561 (81) 
as: 

·T'ht~ prt:~f>t~nt ln\/t~ntior-1 n::~atf:1t=:. to (:~ positivt~ (:~ctivt:~ rn(:~t.::.~rial for a Hti~:iurn Sf:1c.onziary 
t1att{:.~r}'\ a rnt~thod -for rnanuh::cturlni;1 thf: posit!vt~ act!vt~ rr:~::tt~ha! an(i ~:: HU1!t.n1": 
S{::con(~ar--,/ batt~~r'•/ cornprisin9 u·1t:: pos!tl'./f~ act:v~~~ r1"1att~na~. F3ro\..-jdt::d !s u·1t:: pos!th/t~ 
{:~ctlvt:: ;-rH_:~terlal 1\;r ~~ Hti·:iurn st::conziary batt~~f':i .. ti·:~:~ por;itivf: acth...-~~ n-:atf;hai cornprlsin9: {:~ 
first pos!Uvf: acti\.tt~ rnat:.:~ria! \:·vhlc!·1 incJutit~s ~=1 cornpoun(i ~=H.iaptt~d to t~nab!t~ n.:~vt~rsl!]!{:.~ 
!nt~~rcalation and (~t~inh::rca~aUon of Hthjun-1 ant1 a coat!n9 iayt::r <.i:spost::d on at it::ast part 
of a t=;urf-:.~~c:e cl the c:o;-r1pound. \:Vht::rejn the coatln9 ~a:/er includf:f; L.(",·-::_::)c),,"4 or LjF: th~~ 
co(:ttln9 iayt:H' is a con-:positt:: co<itln~] 1-:.:~yt::r furtht::r inc!ucHn9 a Uthiun-1 n-1£:tai oxid£\ a 
rnt:~ta! oxkit~ or a cornbination u·1t~n.:~ot at ~t::ast ~::n:/ ont~ of thf: HU1it.n1": iT1:.:~ta~ oxidt:~ an(i 
the rnetai oxlzie indt:!pt:!ndt:H;U~/· lnch.H.it::r; iYH:~tai fvl: -:.~nd n1t::tai tv1 lnc:h.H.it::~~ -:.~t ~t:!.:_~~t=;t one 
t:~~t:H'nt::nt s£:it~ctt~zi frorn tht:: 9roup cont=;i8tin9 of fv19: -rL l~.J, ~3;: ~:;n, and .Zr~ and a s£:cond 
poslthlE~ act!vt:: rnatt:~st~:d -....-vt1ic!·1 !nc)u(it~s a con-1pound atiaptf:d to t:=nat1~t~ rt:~vt::rsibit~ 
!nt~~rcalation and (~t~inh::rca~aUon of Hthjun-1 ant1 a coat!n9 iayt::r <.i:spost::d on at it::ast part 
of a t=;urf-:.:;c..::.~ of this c.ornpound: vvh.::.~r£:in this C.Oi:~tin9 Iay·t~r inc.Iud.::.~s Lt ___ 3F~C} 4 or L:F, ti'HS 
coatln~1 iay:.:H~ is a cor1':positt:: coatlni;1 j~:1yt::r furtht::r inc!uti!n9 a nth!t.H1'1 r1"1f:taj ox!df:, a 
rnt~ta! oxit1t':\ or a cornt-:::nation u·1t::n.::o( at ~~~ast any· ont:: of this HU·1h.Hrj n)t~ta! oxit1t~ and 
thi~~ n1~~t-:.~~ oxid~~ lr:t.it:!f::t::ndt::nt!y includer; n-H:~tai !\:l .. n-H:~tai fvl inciud~:~s at Iea~1t one ek::;-rH::nt 

https://worldwide .espacenet. com/pub licationDetails/biblio ?DB= EPO DOC&II = l &ND... 2020/11/11 
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(19) rH {}V}. ·:-i.;'Ct}f-1 ~,~ ( KR) 
( 12) ~=t}~ 7f ~51~ z,·1 -~f 1~- ( i\) 

(51) :a;-,ll~"'l~¾Ont. Cl.l 
HOJ..M 4/36 (2006.0ll HOJ..M 10/052 (2010.01) 
HOJ..M 4/505 (2010.01) HOW 4/525 (2010.01) 
HOJ..M 4/58 (2015.01) 

HOLY 4/364 (2013. OU 
HOLY 10/052 (2013.01) 

( 21) ½-'t! ~:L2:. 10-2016-0010361 

(22) ½-'t!'~7} 20161cl.Ol-%!27~ 

!,').-'} ~-=r'-~7} 2016\101 %l.27~ 

( 30) -9- ~ fl T ~J-
1020150013251 2015\101-'?-/23'~ rH~'i:'l:a;-(KR) 

~ JH ~ 01 10-2016-0092946 

(11) .:g.1R~~ 10-2016-0092946 

(43) .:g.1R'?J7'} 2016\108~05~ 

(71) ½-'tl'ti 
-?-!-~ :§1 ;,} ~ <lR oJl Ee 

rH7'-%'2'l _,__l ~'--Fr ~J-i rH s'-01 ~ 120 < 35:.-°8-%) 
(72) <Q-<=aA 

£l"r~ 
1 _,,__J-* s=. z,J. ~-;r"- -"lh1% 2--8-''a Q:7-]l -"Q 135 

~~¾ 

:~r-'cr*s=. z,l.~-;r"- 911¥:1-,'; 2~c;:lU-"']l~ 135 

( !jl f1j o/J 7j/4;-) 

(74l rB 2] '(} 

-ri·P]~·ocpfj<j 

21~ op:~ ~?-]% q.}~ ~%z,l. o]S,l ,lls:'1..J-1:/l 11 °1~ .±.W"o~-\=c- 2]tr op]- aj_ 7 ]oJl :.j-~ 31.Q.3'.., 2j~S,l 7}"'179 
<j <jEnJ-,'11+~ ;,) rj<jEH[i'Jl 0l ;1°1 7]-'c;-~ !1HJ-~; '}\ 1;}7] !1}~~5•1 J±_1s':l_sl ?9o1s=. ';'4ljl-c-1l -'f1,5;l"o}-\=c- 5l"-?]% 
% ¥:.Wti}x. --?J-71 ~E~%-2.-- Li 3P(\ EE~ LiF~ ±..Wt-}t9, JJ7l -=2.~¾--2:- ~qtr ~4f- <±~}¥, ~4f 12-~}~. EEC 

- 1 -
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~JH~01 10-2016-0092946 

s.. ~-%1"9.2..s... F~ M¾ ±~-t}Dj_ ~)-7] F4f- M--€:- Mg, Ti, Al, Si, Sn ~l Zrs.. 0]-'f-61"8 roJ]Ai ~s-Jl.S:1~ :,:.~,~ 

s=. -t}L}Q.] -'tl-±-~ ±~-t}~ 3:J'j xl]l CJ~~~-',',!; ~J <'l~.C'] 7V'1:z.:J';J ';JE]¥i'i] 0l~ '3c) t1'tiE1¥i:1]<J]J;'l_o] 7}-'g­

~ Q}~*-; ~~ ·2}71 !1}~~sq lt. ~ 9-l 9 °-L5=. ~ -¥-Oil ..l?i-7.l O}~ 2 ~~ %% ~ W-t} jl, J?]-71 .:2~{ ¾__g_ Li-3P04 EE~ LiF 

-'c)-71 T']tr ~~ -8-:D:J-% '}l F4f- --8-t:}¥ % ?9°-JS: C~.1::::-_ -t!-L}"1=:- ),73'.. ~-%)?9.Q..s.., F4f- M" "C" ¾ ¥_~,t,!-9, -';}71 

F"i- M. "1=:- Mg, Ti. Al. Si. Sn 11 Zr-5'_ 0 1.!'/'-<,j~ ,:i:-oJ]',-j ;3_ e:~5=]tij. ,J-7] M' ~ ~)-7] .:<1]1 'cl'=;- ~%~ 1-]1 M.i'}"1=:-

H0lM 4/366 <2013.0l) 
H0lM 4/505 <2013.0l) 
H0lM 4/525 <2013.0l) 
H0ll,f 4/58 (201:3.0ll 
Y02E 60/122 ( 2013. 0 l) 

(72) ~~ '-} 
{]_-'-J-¾ 

~-~~5:: ~~~ 9~:ij-% 2~(~(t-All{l 135 

-8.'€'-.2. 
~~1-->}*£ -~~r ~-B:;; 2{1-~U7q1:Q 135 

0 1 ~l=§ % 7 1 -'tl ~ ~7}t~ T1R ~},}(~ 
:£'}7.1]."i'.fi-1s':!.2. 10037921 
1f- ~1 !=§ 7.l _I,,~ 1~ 7111r-

7.] -'~ ::;:,i 7-11 71 i-2~ <Y·}''.fl 1~ T.J-l~ DJ 
~ -:7- j]t 711 ~ 2oJ]L17.l 0 PH•3_7,l¾ '{i~C\,1 =;-. %~)-±-:s~ 7~~ 

1/1 
'T~.71.:ii 
~-. 71 z1-

-'r "'1.!ll "'} qi)_ '~ME'. ;-}2..7.~ 

2010.09.01~2019.03.31 
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't'rns•1 7}<2c; "9 '(} \'l EHti'i] 01 ;1 :}) t:l \'l EH;_-<'il op~ CJ] 7}~~ .tHJ-%: :}) -'?}7] .ti-W¥9] Ji 'i'1.9l 79 61 s=. <;l 4-'->ll 'fl 
5;.13"}~ ,il_~%% ±.WO}j]_, >.:}71 2~%~ Li~:P04 EE-C LiF~ £WO}tj, -'2}71 _:aEJ%~ 21-@- ~~ ~~}~, i3-~ 

61.'::::: -t}1-H=- ;,-j-5"_ ~-~?tj_c>_s'-_ -'E;'-4;-M¾ £W-t}uj, '.,)-7] -'B--¾ H-g-Mg, Ti, Al, Si, Sn 1:;'~ Zrs'- <J]-¥-0-l:;,<J ~"1]!-i 
1i "~ s=J 1=:- 79 c11 s=. -t} 1-} si] -'tl::;:: ~ :,;i:_ W"t.}1=:- 5.! ·{] ;;c1]1 <JJ~ ~¥ ~ : :}) 

61.'::::: t-}1-}1=:- '·is'_ ~- 2iJ:°'~_2___?_, ~'¾- 11' 1=:- ¾ ±1}<'i}oj, AJ-7] 's-'¾- M' 1=:- Mg, Ti, Al, Si, Sn 1-Il Zr-5"_ 0 1-¥-61-'8 
T(1l'-1 ;.J_e~S:19. "c)-71 M' 1=:- "c)-71 c;J]l c~,Jc-=:;- :td-%:;¥ 1-]1 Mi'}c 1is'- r:}-g ~'¾-'(} ;;;~'(} 7-1]2 '-J-=:;- ~%:;¥; 

"cJ-71 7-1]2 co"-::::;- ~%~'->ll rBf;,1- .7.1]1 'cl'~ ~%:;¥S'1 %';:tti]1=:- D5/5 t;1 7-l 70/30'(} ,;;1'(} <'rn <JP,} ;<i 7 l¾ <-;.}~ ~% 
7,] 
2, 

b s 0.5): 
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0.001 "'- e S:: 0.1, 0 s es 0.05); Li}JiG1,02-cT.: ((}_90 :5. as l.8. 0.001 s b:::: 0.1. 0 S:: c :5. 0.05): 

LLCoGi,02-cT, (0.90 s a <:. L3, 0.001 <:. b :5. 0.l, 0 :5. c :S 0.05); Li,AlnG\,02-cL (0.90 :5. a <:. L3, 

0. 001 S b :5. 0. 1, 0 - C' S:: 0. 05) : L Uln2Gb02-c T, ( 0. 90 :5. a :5. 1. 8, 0.001 S:: b S O. l, 0 :5. c .Sc O. 05) : 

,,_J-7] ~~-'~oJ] 5:J;,j;,,7, A-l=:- Ni, Co, Mn. "'1 °]%9] s:w-2..-5'.. 0 1";'61:U roJ],1,,1 -'.-i'-'~S:1.il: X-l=:- Ai, Ni. Co, Mn. 

Cr, Fe, Mg, Sr, V. ft]sc..-fr -'(Js: ~ 0 ]%S•1 c±:'f)-.'2..5'_ 0 ],¥-c~::;<l_ roJ];,,i -;-it~S:l.il: D-l=:- 0, F. S, P, ~ 0 ]%S•1 c±: 

1)--2.__?_ 0 ffoi::;<I ;r'°1] 1·i --;it~S:l.iL: E'c- Co. Mn, 1::}J 0 1%.91 £1)--2..s_ 0 1-¥-•~:;J ;roJl-'-i -0_1.'-JlS:l.il: T1=:- F. S. P. 

'3c) 0 1%9.l ±-W-2..s'- ,)],¥-0 -i::;<I ;r&J]J,7 ;,-:1c:~s:].:,i: G-l=:- Al. Cr, Mn, Fe. Mg, La. Ce. Sr, V, 1::}l c:•]%.91 c±:1)-.2.__?_ 

0 ],¥-&j:;,<J roJ],1,,i <-:Jie~S:lL Q-l=:- Ti, Ho. Hn.~1 °]%5'1 J'.:1)--2...?_ 0 1¥-61:U r•'lH -0_ia~S:].i1.: Z1=:- Cr, V, Fe, Sc, 

Y. ~ 0 ]%~'1 J'.:1)--2...?_ ,)],¥-&j::;<l ;r'°1JJ·i <-:Jie~s:luj: J1=:- V. Cr. Mn. Co, Ni, Cu. 1:;'1 °]%.9] ±w 0 s_ 0 ]-'!'-61::;<l 
;r <--Jl ,7 -;-i_ "~ 'tl c} . 

J.7 s.. .';'i 'l'l ?~ -2..s'-, -';}71 °J~ ~% ~.91 % i'-2JoJ] rW~ 'c/-7] *1l- .'il"J ¾9.l W2,J-f- 0. 2 l~ 7.] 2. 0 %"'}% ~ 31 ~ 

21-@- 0 17-~ ~ 7,l-% ~1=~ ~%~. 

~-}-7] ZH~-9.l 7}'2']~~ ~F1:Qi'il 01--;-1 '='~ r1~E1:Qi'il 01--:-1·"l 7}'o'-~} ~Hl-%611 ~-}7] ·;,_] .".,'_:_-\=:- ~± -i§'--g-"tl: EE.1=:- '6-

~ -i§'--g-"t1% ~1)-i;}o~. 'c)-71 "Hf9] 7}'9W<l '{}El:'Q-i'1]oJ,~ ;,) t.]~EHM 0 l ;1°1 7}'o'-~ §}"W%21 .R'ti_oj] ~ EE 

JJ71 Zl 5:.-C *-±- i'-~~: ~~ i5-4f- -t?-~~ 0 1 ¥31-~ ~-ltrS!l 7}~?1<<l ~El~i:~! 0 1/d ~1 cl~Er~fi:~1°1~ 0 1 7 1-

T,~ ~}Y~% ~ ~z.7 2~0}~ .::2~}%¾ ~--~j1~1 :11-c (!-7~1 ;~ ~Wo}~ (2f~ ~~~9-l .~{1£ 1=U-1:il)lS:l, 

~ _¥_~3}t:~. ),}71 5:1.EJ,¾2. 21~ '6-4f ;}~}%, '6-4f ;}~}%, EE-l=:- 0 1%9] _,£~-% t:7 _£~;';~-\=:- ~~­

.31~}%•'.'.ll_j]_, J.:}-71 2~-§- ~Jf -~~}% ~J i3-~ ~~}~ % ?967£ (_"}i~ O}L}~ -"15- ~~\J:?9-2..S..: i?-~ M% ±WO} 

~ ~"@-~}9 / -'2}71 -=J_F3%-_g- i=-ltr F~ <±§}~. i?--Jf ,<±2.}¥ 1 EE~ 0 1%5!1 &~% [~ _¥_~0}~ *~ 
-=2F5%- 0 1JI, -'2f7l ~q~ i?-~ ~t:}¥ 11 TJ4f -~~}% ¾ ?1l1i£ (_1i~ ti~ 1 +~ --'iS- ~-~l-2..£, ~*7 ~r ~ % If_ 
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'cl-71 ::z1]2 cc}~ tl-lHl.oJ] rB~ ,1]1 •~}~ ~%~S•1 %cfJll]-\::- 95/5 LB7l 70/30 'l__l 3!_'/__l 21-'a- ·"PHJ.71¾ 0J~ ~~ 
~91 :-:11£ 'J:}'1:l. 

~}71 'l__l x-l::- ~J:c cg--g-qJ: .'£-\::- ~4f ~-s-'tl·)l -'r-'t-'D. 21-@-s,1 7}~?-j'l__l '{}EFQ-;;,16)-,:1 <:;1 c]'{}E1'Qi'il 6l,;;-l·)l 7} 

*~ §Hl-%% ~:'<12]<',}c"iJ .'i'.'/f¾% 'tl 12 "l 711=- 12-JJJ :61Pi, 

[0002] J']-2- *rH¾ ;3_ :~}7] 7] 21 J:c 'l'i~} ?} :~j '?fi.'} ~1.-j] 2} "J-(1 <>}61 °1 ~ 7] 71 -"] ~ 't:)-2..5'- J..}%5=] 'c- ;3_ ,q 5'] _il_ ';:1 'ci-~} ~1 
i:Jl¾"'J§}◊j] i:Jl~ 'fJl1;jol ~o}7]2 ,Ve}. 

[0003] ~7]z 6,f~3'f %~611 ~7] ~}~ ~% 0 1 7 }'c;-f;il- %~% J..}¾W_c>_..s'..¼7 ~~H- ~A,]J 1,l7]c 31°1c}. 0 l2if;il- ;<l_cq 

¾ i:JlJ±.7 'l__l "i]..s'..-\::- 6,f~ ~1 %~611 1,7 21 ~ 0 1 .g- 0 1 'l__l EFQ-i:i] 0 1 J,cj/cj 9J Ej ~;-:11 +~ -'¥1 nJl -"I _g:}~--)-;3_ 11( chemi ca! 

potential )9] 1tl_.q-&!l ,']i'i}"'i {171 ''i]l:j 7-I~ ']12<>}-\::- 2m op} ~-e<:17} 't.J.c+. 

[0004] 'cl-71 2]-'a- op} ';27-]'c- 21-a- 0 1.g-s,1 7}~"-:j'l__l 'l__lEFQ-,1l◊i-':1/t:1'{1E1'Qi'il 01,;1·0 l 7}*~ ~~% 6,f~.i'} %~ ~~ 
~..s'.. 1-}¾t'}:i'., -';-}7] 'J~A %~ J,}0 1611 f',71 ;<l_i5~,,~ x-l::- ~2]Gj ';Ji5H"~% ¾~J..j;jj .'11]:£.~Ct. 

t:}~ ~%~61] lljt'}c,j ~?9 ~l737;jol 7}';,)· -'j'-yt'}.:il, ~7cH rljf;,1- .2._<~oj '5t<J} oJlW-'] 9).-\::- %~o]7l-\::- t'~l}. 

-§-CJol -«jr:}~ B~¾ 7}7,ljl 5},c-}. 

c1121,'t- '<}'i'Jol ;}rt. x~ 117£9.l ~.g_ -8-_g:}'c}-FH-\::- -;-1_7] '}\ -;-1_~ 'r'l3 .77<>}21 4'1<,')oj s:]ctj_ 7}71 11:l-c;Jo] ~t'} 

j]_ 7t~.1~ol t~(>i_::q~ ~.~117} ;}c}. 0 ~%?i, ci~ ~ ~Y7} ~~"o}- 7q f:J:o}J·•l ~%~'-11 c~tl%% ~j]_ ~t:}. 
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[0009] JJ7]!2} ~ol -1,~;j2] 7]i-"½oJ]kl {l_cz] ~1~ g_ ,s-pJ -"-15'17] !?]'{)- c~q.}{1- _:'.l'z:!%-% _¥_.~iiH=:- 21~ Ol'.~ :;'._[7-]% q.} 

~ ~~~ 01 xl]~s:l°i 58:Sjc}. 

[0010] 

[OOJl] -E- '1}1::§9.l '?J. .::;1-~oi1°1v1~. 2rnS>I 7}'2cj?tj<<l '<}Ej~i:1l·0]Jd 11 r-j'<}Ej~i'1H~ 0 l 7 }-'f,-~ §.)-~%: ~l ~)-7] §.)-~ 

%21 IE~s-1 ?tjoj-5:. •\'J.1r-•--11 !?P-lt-}~ 2-EJ%-¾ ±wii}2. ~1-71 .:=.:1.r,;:¾--€:- Li3ro4 x-l=:- LiF~ ±wii}Dj. ~1-71 .:=.:1.r,;: 

% '}l '6-~ {}-~~ %- ?tjc'i-5:. <>j1=:c_ ii}L}~ 'i_sc_ ~%)7.:j-2..-5'.., '6-~ M% _¥_.~ii}Dj, 'c/-71 '6-~ M--i:':- Mg, Ti. Ai, 

Si .. Sn ~ Zr£ 0 12f-(-1,:d ~611/7 ~l:~s:rc- l(>iS::. O}l-t~·L1 ~:.S::½ ~Wi>}~ .Ji<<l -;;111 °J~ ~~-~: ~ 

°1-'= t-}Lr-l=:- 'is'- ~-"%J?9-2..s'-. '6-~ M -l=:- % ±~t-}Dj, 'c/-71 ~~ M. -l=:- Mg, Ti. Al. Si. Sn:}( Zr-5'.. 0 1.!'/'-<,j';'} 

~"l]--"i ~e~S-Joj, -';}71 M' ~ ~)-7] .x1]l ci:J'-=:;, ~~~ l~ Mi'}~ 'is'- C~~ '6-~\'l 7;!';] .x1]2 ci:J'-=:;, ~~;;.I:%±~ 
t}~ ~1~ 0 17-~ -~ 7--!% ~1=~ ~%~% 1.ilff~rt. 

[00141 ..,_J7l ~w .n~%- l~ LiF'.?.l ~±~ . ..,_J7l ~±7} s:..1;-TI .noi 1..B ±w-TI ~-±_sc_-'f-Fl 7l\'l5P1L1-. ~5:."l ~± 
~~ %~£-¥-El 71~~ T 9,Zr:}. 

[0016] . 90 :C a .s l . 8 . 0 .s 

b S 0.5): Li,A,-tXbO"-cT:(0.90 Sa :S 1.8, 0 :co. b S 0.5, 0 Sc :C 0.05): LiE,-tXt.02-,,Dc(O Sb :S 0.5, 0 

S: c ::C:: 0.05); LiE2-,XbO,-,T/O :5. b :S: 0.5, 0 S: c S 0.05); Li 0Ni 1-b-,-CocX,D"(0.90 S: a Sl.8. 0 :5. b :S: 

0.5. 0:::: c :C 0.05, 0 < u :C 2); Li)Ji,-b-,Co,,X,02-,.T,.(0.90 :Ca .s 1.8, 0 .s b .s 0.5, 0:::: c :C 0.05, 

0 . 001 .S e :5. 0 . l , 0 :C e .S O . 05 ) ; L UJ i Gt.02-c Tc ( 0 . !}0 .S a :C l. 8 , 0 . 001 :5. b :C O . 1. 0 :; c .S O . 05) : 

0.001 :5. b S 0.1. 0 s c :S: 0.05); Li,Mni;cOc-,T., (0.90 ~ a .s 1.8. 0.001 :Sb :5. 0.1, 0 .s cs 0.05); 

LUlnG' 0P0"(0.90 s a .s 1.8, 0.001 s b s 0.1); Li~JiV04 : ~J LL 3-nlJP04HO sf s 2) -5'.. 0 1¥<,j:;J ;rc>J] 

[0017] ~71 f,}TIJ-"loJl 5:Jc"-1 1•1. Ac Ni. Co. ~frl. :}( °F½sl 3':~_c,_s'._ 0 ]¥°7'2 ~o!l'-1 ~1;2Ji;:l2: X~ Al, Ni. Co. M,'1. 

Cr. Fe. Mg. Sr. V, .§jsc.fr i':1± '}l °F½Scl 3':W-2..s'- 0 1-¥-<>lz! ;roil'i 1,'.!f~5C]2: D-l=:- 0, F. S. P. '}1 °'1%~1 3': 

~-2..-5'.. 0 1";'°7:U ToJ]1..7 ~!'~5]2; E-l=:- Co, Mn, 1:'c1 0 ]%2] 3':~-2..s'- 0 ]':-
0 °1:U T'-11--"i 1,'.!!'~50]2: T~ F, S, P, 
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~ 0 1%9] 3':~_c,_~ 0 ]-'j'-c">-j~ ;r'-'J]x] J;1_f~5=].il; G.\=:- Al, Cr, Mn, Fe. Mg. La. Ce, Sr, V, '}) 0 ]%91 3':1)-_'2__5'_ 
0 1-¥-61 :;J ;r01] 1·i Zi 1::fs=] Jl; Q.\=:- Ti. llo. lln. ';-) 0 1 %91 3::-1)-_c,_~ 0 ],!f~o-j tl -ir'-01] '-i ,<-1 "~S:l .iL: Z.\=:- Cr. V. Fe. Sc, 

Y. '3c) 0 1%9.l £1)-_c>_~ '"]-'i'- 0 i~ ;rc,flJ,-j Zic:~5=lriJ; J.\=:- V, Cr, Mn, Co. Ni, Cu, '}l 0 ]%21 .±~-2._s'_ 0 1-¥-•~:;J 

-ir'-011-'·i ~ "~ 'u r:}. 

-c (!-7~1; '{_} EE-C ~~ -=R--S-k:l; 11 ~4f- -=§-if~:% ec10}~ \:!-7~1; ~}7! t=-1~9-l 7}~~~<j_ <dEl~i'ij(;11! ~1 t:l<;z__l 
Ei~iil<1lJdt:il 7 }Ti~ §}if~(~l -~71 <;z_-1 EE-C ~~ -N--S-k:l; EE~ i3-~ -fi-"Ef~% ~~o}0 ~. -?}7! ~1~9.l 7f-~~~<;z__l 

~E]~i;11°11i ~ ri<<lE1~l1l•:)l<1°l 7 }Y~ 9}~%.9.1 Rt!Oil '{} ~~ ~~ t?-if~; X2E- ~4f ~~~¾ rr~t-}711 

-.ljl-1,j-A]7'].\=:- 12-.lll: 1::\1 '2l-7l '{l !£.\::- ~Sc -i'?-~tl; .'±..\=:- ~4f- i'-i::,'-~o] -'f-3]-'8 2]tr9] 7}QJ 0'9'i'l '<.}E]¥<i]oj.,',J_ ';'~ 

t:l'i'1Ei¥i'.i]ol7~0] 7}'ci-~ §HJ-%% ~~iic']t,}cij .=J.f{c)~-% '°",HJA]7'].\=:- ,:,17'1]:% ±~t}.\=:- ''0'~ 'td-~~!?l .:<1]± lclJ','J 

olS:1, -';-}7] .:<1]± '1,}1,'j.g, ~- 2J"'=l.2...£ yf\ll5=]c"i. 7111 °J~ ~%~ ?} 71]2 °J~ ~%~% 7-1l.±.t'}.il. '2l-7l 7-1]1 c~.Jc~ 

~%z,l.2l ,1!3':011 9.lc">-jJ.i, '2l-7l .:=,IF.J%-% '1'J~Al.'7l.\=:- 'J:7l]oil 21%~, JJ7l .:ol'z:)%--2:- Li2PO, .'±.1= LiF½ ±~'6'~9. 

>.:}71 2EJ%~ t=-1~ irk ~§}~. ~4f- ~§}~, EE~ 0r~-9-l £W% Il £-g-3"}~ *t~l .2~}%<1l_j]_, -'2}71 t=-1~ 
~~ <}Q}~ ~ i?--¾ ~9}¥ ¾ ?4015:. Di~ 15}1-}~ 1~i5- ~-\J-~_<;?__5-, ~~ M¾ ±%O}i::9, ·2}71 ~~ M__g_ Mg, 

Ti . Al . Si . Sn ':}l Zr s_ ·~l ¥ 0 1 ~ ;r01l ;,i 12 "~ 5=l .\::- "'=l c'>l s=. ,t,}1-}21 "tl± ~ :sf Wt'} .:2. '2l-7l "112 \,1 ~ :td-~z,l. 2] 71] 

3':<-'Jl ~1 c">1 1•i' ',,}71 ,'i.l, '-'s ¾% i'ij .J;:j '·l "'l 1= U71]oil s,M' '2l-7l jl '?] ¾.g, Li ,P04 .'±..\=:- LiF % ± ~,t,}9' '2l-7] ,'i.l, '-'s ¾ 

~1 i?--Jf ~~%-%- ?1'-1i£ (-1~ i>}L~~ -"1S_ ~-~?1-2..~, ~4f- ~r c % ±."@-o}u:1. -'2}71 TJ4f ~r ~ Mg, Ti, 

Al. Si. Sn':}) Zr.5'. 0 1-¥-o-j:;J 'il01!.<.i ,<ii:s~s:19. /,,J,l M' .\=:- "c}7] ,111 \Ff ~%.:,;./ l~ M.i!}.\=:- .l.75'_ t:}-E­

~4f0l.:2. ~t'l 7112 6,f~ ~%~011 rH~ 7.1]1 c;}~ ~%z,l.!?l ¾"'J]cll.\=:- 95/5 lWZ] 70i30 '{.l 3:]'{l 21~ 0 P:H:i,7 ]% 

[0020] 12}71 r<l EE~%::±- ~~5t:l: EEC i?-~ -t-~~ 01 lr--Zt~ i:l-§-i!l 7}~.?tj~ ~EP~J-~~1°1~ ~i cl~EF~t~l 01~0l 7} 

~~ §}1)-%% ~:'<12]t,}c'ij ci.1.'/~¾% 't]~.<.1 7 1-s= '2-ll]:01]li, ';':l.'<Ji'l ,g,s=,.i=:-, 650 l~::Zl 95(l°C~ 'T '<let. 

[0021] ~ '&~!?] !'E t:]-~ <;l 7'-~c'J]'-'llxl.\=:-, ~~~ ~ ~-t§S'j q)_ 7"-~c'J]01] ff}-E- 2j~ oj,,} ~71% 6J~ ~%~% ±~ 
t-t~ ~t~: %~ ~-%~% ~wi,}~ %~: ~1 ~-o~~;¾ £Wo}~ T:-1~ <117.} ~::z1~ ::z11Yi"~1:+. 

[0024] 0]3}. ~ 1i£~s,1 7"-~Hl½ "2Hlt'l ~t:§3}71.£ ~i::}. c}~. 0 1.\:::- oi]l,]~'-i 7.111,15=]-l=- :;;~ 0 s_. 0 1"11 S'J%H ~ '&t§ 
01 7lrn5=l 7 l.\=:- ?f.Q..9 ~ '&tg.g, +~W ?-l7"-~-'?-Jsl "/:l"r01l sltH 1Js,1-t1 ~ 0 lr:}. 

%0 lJ2.. AJ-71 ~l¼ ~~ 12-!1}% ~ ~~ 12-!1}% Ti ~~°15:. CJ-i_:::::_ 0}1.-}2E- "75- ~-~}1%J?4~_£. ~-¾ H% ~Y~}9. 
JJ,l ~4f- M.g, Mg. Ti. Al. Si. Sn 1:;') Zr~ 0 1-¥-c"i~ -ir'-01]'-i ;Ji:s~s:1.\:::- 3161.5:. t,}L}s,1 "t)S::~ :sf~t,}.\=:- :;;~'{} 7-1]1 

'8'~ ~%:;:,); ':}) zrn-2-1 7}'2'J"'=l'{} '{}1:rn·i'Jl 0 H3. '}) rj'{}E1~i'Jl 0 H3. 0 l 7}~~ !1}~~; ':}) JJ7l :<1}~~s,1 K1s':19-l 
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E1~ic]] 0 ]~ 11 c]<;'}E1~ic1l 0 ]~ 0 ] 7}'g-~ .tHJ-% 1-BoJl ±WS:11=- Li__c,_s..4'-EJ 7l'?__lS:l7J1}, ~S::.9] Li -t?-i3- %~s.. 
-'f-Fl 7]'<l'fl 3!<;'4 -y ~Jc}_ 

[C>028] S=.~. >.:}71 *~L 2EJ% l~ LiF9.l ~_±_~, -~71 ~_±_7} 5=.igi:J_ 2°1 1-B _¥_~~ ~S::~1fEi 7j'{JS:l/lll, ~5::9-l 

~:'.i'_ "'ti-i3- %~s..-'f-Fl 7]'<l~ T ?le}. 

[0030] 'cl-71 *~ :=il.'i,;f,'-S'l Li~ ±Wt-}~ ~,¾-§}~-@:"-€:- \}s- ~-@:"~ 1~91 Li 0 1.g-s,1 ~~S::.~ ~ 0 1~ '2'111-<Dr iving 

Force)% -'r~]t-}01 Li ·0 1--€:-21 °1%% ¾ 0 lt-H] i;}oi -s_::z1 ~,~ <J~foJl 7l 0 f~- T \Jt:J-. 

[0032] _lil__t:l- -=?-:1.11:cg.2..s., 'cl-71 *~ .',FiJ%-€:- c;,i,~ tl-lHl_ K'i"!oJl '-7 1•is.. Z}s,1 *~~ ~~% f,-'5} 01 K'i"! 7~~''11 5:JoJ 
'-7 'cl-'6' "'--l-%% ~ -2.. Z1 r:}. 

[0033] .':E~, "2}71 ~ ~~S•l '?l T~°1loJl a}~ 0J-::::;- ~-@:"~-€:- i'r§- opt} ~::z]sl tl:czl:cg ~~% .e-,:FJ;.HJ_ y S:)r:} . .S-:} 

-'-J-'fl ~ 7F9 ~ '8 Scl '-'ll s.. 2 ~ c;J- ~~ 0-1] J..1 ~ :z1 s•1 Jc:71 ¾2J, ,,.J'c)-.sJ. 1l:. % ~ '8, 'i'l <-'i 12- 4-~ ~-'2 %0] ~J n. 

[0034] -',,}-7]Scl '-75- i::},e- .!il-~ .'iF~%% 7f-7.]1=- 7]11 •J~ ~%~3't ,112 q,}c::;- ~-¥~% ±Wt-}~ q,}~ ~¥~-€:- -',,)-7]91 
>.:}-% ?t¾¾ £r:} ~_Q_~ ~;q ~)8% Yt} c-1 <SJAJJ~l~ T 9Jrt. 

[0036] 'c)-71 c~}-::::;- ~-@:"~Sl %- ¾ 2JoJl rH~ -';-}7] *~ .i1.'if¾9l ~ 2J-€:- 0.2 1~7] 2.0 ¾ 2J%';'4 T \Jt:1-. JJ7] ~ 2Ji:ll7} 
0.2 °1~~-Ll {~-9- 2EJ%~,-Ll ~W0l 7rJ-~W T ;}~~. 2.0 ~3I}0l~ ~7l%2J 7c}~ ~ %BJ-~ If_~~l 7c}~7} Lr 

s 0.9. 0 :C c S: 0.5, 0.001 s d s 0.1, 0 :co. e :C 0.05): Li/Jii,Co,.lln<tG/J,_1Tr (0.90 s a s 1.8. 0 s b 

S: O.r1, 0 S:: c S:: 0.5. 0 S: d S:0.5, 0.001 5c e S:: 0.1. 0 S:: e S:: 0.05): Li}liG,,02-,T, <o.90 S:: a S:: 1.8, 

0.001 s b S: 0.1, 0 S:: cs 0.05); LiJCoGt,02-.J, (0.!}0 .s a S:: 1.8, 0.001 S: b :C 0.1. 0:; c .s 0.05): 

Li,MnG' 002-,T, (0.D0 :Sas 1.8. 0.001 s: b :S 0.1, 0 s: c :S 0.05); Lic,:Vln2Gb02-c-T, (0.D0 s as 1.8. 

0.001 :Sb :C 0.1, 0 -s. c S:: 0.05); LiJlnG' 1TO/0.D0 :Sa C:: 1.8, 0.001 S:: b S: 0.1): LiNiV0-1; ';') Li 1c;­

n-HPO-iMO s f s 2J -5'.. 0 1-'\"-(-'1 zl. -;:i:-oJ]',-j ~ ef'-8 ?-~ o-j S::. i;f-1Vskl 4- ~Jc}. . 

[003~] 'cl-71 §}'Q:)- 1,H] \Jol.,,1. A~ Ni. Co. Mn. 11 °1½'.?l £~_<;,_s.. 0 1-¥-01~ -;r•-'ll.,,1 ;:1_1e~,;c].il: X~ Al. Ni. Co. Mn. 

Cr. Fe. Mg. Sr. V, :c1Lsc.fr -'t:)J:: ;,) 0 l½sl £~__()__5'_ 0 1-'\"-c>-jzl_ -;r'-1l'·i J,ci_l.'~,;']jl; De CJ, F, s. r. ;,) 0 l½sl 3': 
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w_c,__s_ 0 1¥-°i::;<1 '2011 11 1J1.o~s:12: Ee Co. Mn. :}) 0 1-'½::Cl ::t:w_c-,_s_ 0 1¥-<>iz! ,roJl~i -;-it~S:l.il: Tc F. S. P, 

'3c) 0 1%9.l ±w_C>_s_ ,)],¥-0 i-u. '2611--'-1 J,Jc:~s:]TI: G1=:- Al. Cr, Mn, Fe. Mg, La. Ce. Sr, V. ~l 0 ]%21 _::t:>5J_()___?_ 

0 1-'fOi:;J ,r01] 1·i J,Jc:~S:l.:J.; Q1=:- Ti. llo, lln,';-) 0 1%21 ±w_C>_s_ 0 ].!f~Oi'j ,roJ]-'-i -<it~S:l.:J.: Z1=:- Cr, V. Fe. Sc, 

Y, ~ 0 ]¥-s,i J'.:W_()__s'- ·~1¥-0i-u. ,r011J·i J,Jie~s:19: J1=:- V. Cr. Mn. Co, Ni, Cu.';'~ 0]%21 ±w 0 .?_ 0 1-¥-0i::;<l 

,r01l"i --;,11.o~-t:)r:}. 

'.?] 7f-~-!~';__) \'1E1¥<'i] 0 Pd ~ t:l•jE7¥i:i] 0 ]Jd 0 ] 7}~~ t:HJ-%011 ;J7l '(} E-E.1=:- ~± -t'--8'--'i'L :E.1=:- ~-¾ -i§'-"B"-'t! 

¾ ~w'otoi. -'2r7l "li't"I 7r~"'~'?1 '?1Fl¥"11°1~ ~1 r:J'?1E1¥?11°1~ 0 1 7}'f,-~ t:}w%9.l .R~•>11 '?1 x1=- ~± 

?j-¥:[ ic']~9.] 7}~:cg'(} '(}E]¥?1Jol~ ';'~ c]'(}EJ:Q,j]o]--'-J 0 l 7}'f,-~ 9}w%¾ '?g_<l2]t-}0 i 2-\l%-¾ ~~l),1"'11=- u 
7)];~ ¥-Wt-}1=:- 6,f~ ~%~s,1 7.1]± '1Hl 0 ].s:]. ,.,,J-7] 71]± '1:l-'1l-€:- ~-t),'tj_C>_s_ '1°~].S:lOi, ,j]l \}~ td-%~ ';'~ C\i]2 

'8'~ ~%~% 11l±"o}jl. 1J7] ;;c1]1 '8'~ ~%~s,1 111±.01] •-(l<,j-'-i. 1J7l _=3_f{c)~·% 0J/,~J.]'l]1=:- U7l]oi] 5•1t-B, ~7] 

,¾ M% £W'ci}uj, ~}71 ~~ M-€:- Mg, Ti. Al, Si, Sn ~l Zrs'- ,)j,¥-c)j-u_ ,r•>l]-'-i ;,:le~S]1=:- 7°7.s=. t-}'-1-2] -'t!±~ 
£ Wt-} .:J., '.,)-7] ;;c1]2 •:;}~ ~~~ s,1 C\J]J'.:01] \! OiJ-i . 'cl-71 2- \l %-¾ '1l'i:i A] "7] 1=:- i:J7ll ,,i] S•l t-B. '.,)-7] 2- 1oJ %-.g. 

¾ £Wt-}uj. -'?}7] ~4?- M' 1=:- Mg, Ti, Al, Si, Sn ~ Zr-5'. 0 ]¥-°i~ '2'->l]-'-i -;j_e~s-]9. '2}71 M. 1=:- '2}71 7-1]1 ci:l' 
~ ~%-:,;-/ l~ M:n}1=:- J,7s_ c.}~ ~-¾ 0 ljl, ,.,,J-71 7]]2 '~f~ ~%~011 rH~ .,111 •J~ ~%~21 %cJc~tl]1=:- 05/5 l~::s.] 

70;30 \'l '>-i_\'l 2m ,)1.-~t;ZI::s.J¾ Ci:J'~ ~%-:,;-/21 .,11± 11:r'fl¾ ,11.:g-~c.t. 

[0040] ~-J-7] '(} E-E.1=:- ~:±. .:g--g-qJ: x.1=:- ~-¾ -i§'-"B"-'tl'~l -'r-'t-t:l 2rns,1 7}~:C-j'(} <jF]¥;;,]o]~ <:;1 r:]'{}F1¥i'ilo]~·~l 7} 

~~ §}w%% '?g_).l2]t-}c-,i _=,:7.fjc)~-% oj/,~).]'ll1=:- U7l]:oJP•i. <?g_.,ji'] -&.5:.1=:-, 650 l~Al 950--C:·;'4 T \Jr:}. 1J7l -& 

£ ~·i~i 1<l --~~ 0J~ ~~·~ ±t.~611 ~"J~ -32.t-~¾(Jl 'il-78z~r<l ~wg T 3~ WY ~de}. 

[0042] -E- 1jl}~'.?1 :E t:j-,e- -~ -=r'-~°11611--'-11=:-. Ci:J'~. %~ 11 ·10R~¾ £Wi,}1=:- ic'l1'l- 0Pr ~ 7-]9. ,.,_J-71 6J~.g. ~'TT'{] 

~iil ~J ~}71 :jfr ~~jil ~}r~l Z-§)8~ ~}~ ~%~%¾ ±-.Y-0}9, Ji7l (~f~ ~%~%-&: ~~~ (;}~ tJ-%~ 
¾ £W'ci}1=:- ;;~'(} 2m 0 ].:z} -;Zi::s.l~ 7.11-i§'-~r:}. 

[C>G45] ,.,,J-71 e}'i'}L~-c ci:J'-=::=;· ~~-~ '87}%% "7£. -i'[ -'f-tt~P].il, ±~ •J~ ~%~% ~-TT- {];Ziz1]c,:il :~ 1jl-Z,1-J,l"'l-1=- <2cl 

t:}% 3"}9, J r.~1f?9<j l~!S..~ ~21Bl1..J'i¥: 7}~*-"lDi!~ ~~~2., "Ol~~~12s..~t2_;~½S_6, cl<J}Ail~ ~~S.. 

.::Z:., ~i']tl]¥l~.?_2}•0]1=.., :7']-.§.-/il-.J;'l_:s,:}-t:] ¾<'ltl]'g_~.5',i'}o]_cc_, ½icl]tl]>g_¾-'f-..2..2}0]1=.., oJl~~ .;;,,..A}o]_cc_{t £W'ci} 

~ ½icl]Dj_ ¾Zltl]>g_ilj~i']~. ~i']-'f--i'.1]~. ~2]Ei].§.2}¾¥-.2..5'..01]~i'jl_, ~2]tl]¥l2]'il) ¾¥-S:'.2}o]_cc__ 

~ic'1 oJl~ ~, ½212.5'. 'i ~, ..:':F] i'jl_--'jl-E}r] <i1) t'7 !l1, 0 }3. ~ ,'11 °1 F] '=-- .:=:El ~--'jl-E}r:] '{1] i'7 l:!1, 01]~ '-l y::s.l, l}~-~ 

[0046] .>.J-7] s=.~ 7~1=:- ~ ~'-1] .5:.~ Jj % -'j'-<-9 t-}71 .$1 t-B l,}--§-S:l 1=:- 7~_()__s_A7. +~ S:] 1=:- ~ 71 oJ] ~J <,j "l. t:} ~~fi}'@' "'F7] t-} 

71 '?J-.:il ~;z} ~s=.~J :<l,~.0 l'i'1 c)jrr1~ 7,~.5:. 1·r¾7}*t-}uJ. 3 a!l-5'. -:Bzi ~'TI- \'l.:i: ~'2. 7'}-E- ~t'Jl. <J},1]~<f:i) 

5:) r:}. 

[0047J ~71 %~-€:- {l-;Ziill ;el -'?}7] tHi"ll 11011 if~Jcl-t:l %~ ~%:;:,J,¾¾ £Wt-}uJ, 'cl-71 %~ tJ-%:;:,J,¾.g. %~ ~%~ 

% ±W~t:t. 
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[0049] JJ7] 21-]'r o]-&% 7}'2':l''-=l-2 .. s'- ~Erni'Jlo];-l_/t:l';]El¥i:1]o]!J~ "'r 5J~ ¥~_?-~ 's'Js: ¥~s'- 7,-j, 2J-]'r o]-& op} 

~::s,Jc>J]J,-j ·~1s1}:o-g_ci_s.. '+%--.s:l~ Us:lll %:::;- ~%~-2:- c,1rr1~ ';l.s=.. .;,J-%~ 4- ?l-2..tiJ, :i r~J:Fg9J 01ls'-~ ~ 7a 
~ ~1-J::: 1::1111~ ti~ EE~ <11%¾ ~ry1l },1-%~ 4- 9ltl-. );}71 ~7;.j~ ~}J::_9.l olL~-~ T 78~, ~-?}, ic! 1H-?} 

(flake). T~1 5£~ ·->aT}~.9-l ~<Z! ~~ EE~ <Z-1~ ~-jiJt ~_g_ ~~¾ % T 9ljl. AJ-71 Pl 78·~ ~::i:.9.1 ~1£~ 
:l:E'...§.. ?'}i":-( soft carbon: ,-j-& 5:J;j U:l::) x'i'::' t-}_cc_ cl}i":-(hard carbon). "113':"'ll·~lc':: lI]:'<] 12:!1}%. :l::';J'u :ii 

[00.50] "c)-71 2]-]'r ~4f,9] ~~_ci_s..'i'::' 21-]'r:v} Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Si, Sb, Pb, In, Zn, Ba, Ra, Ge, 

Al:}) Sn_(J_s_ 0 1";'61:U roJPi /,jl'~.S:]'i'::' ~4f9] ~i? 0 l +l'l--~ y ?Jc}. 

21 _sc_~4f-. 13~ -'t:1±, 14~ -'t:l:l::, :;:1_ 0]~4;,, I1]£fr 4'1:l:: ~1 °1%5'] 3':~-2..s'- 0 1-¥-01~ roJ]Ai <-)e~.S:l~ -'t)_±_ 

0 luJ, Si-€:- 0 }\:l), Sn, Sn02- Sn-Y('J-7] Y'i'::' ~¥21 ~4f. ~:Q2l _sc_~4f. n~ -'tl:i:. 14~ -'t:)J:::, ;,-1_ 0 ]~4;,. ft] 

£* ~5: ~ 0 1%9-l s:.-eg-2..5- 0 1¥(>i-~ ;r°1l/-l /it:~S:l~ ~:.S:: 0 11::9. Sn~ 0 }\3) %~ ½ T ~~l..Jl. x~ 0 1% % 
"'~◊i.s=.. t-}l}9t SiO,~ ~~t-}01 1}%~ "r-5:. ?Jr:}. '.}71 qJ5: Ys'..~ Mg, Ca, Sr, Ba, Ra, Sc, Y, Ti, Zr, Hf, 

Rf. V, Nb. Ta. Db. Cr. Mo. \Y. Sg. Tc, Re, Bh, Fe, Pb, Ru, Os, Hs. Rh. Ir. Pd. Pt. Cu. Ag. Au, Zn, Cd, 

B, Al. Ga, Sn. In, Ti, Ge. P. As. Sb, Bi, S, Se. Te. Po.?) 0 1%9-l J':~_(J_-5'_ 0 ],¥- 01~ r•'l];,1 -;-i_q-tl_ c"r 
9Jr:}. 

[0054] ~-}-7] tl}';'_]C-j-c %-:::Z ~¥~ 'fl7}%% "ls'_ ;\t 4'-?,j-A]"7]jl . .",I:_~%:::;- tJ-%~% i!-f, ~~;;1]oJ] ;\t 4'-".)-J,]'l]-c <2::J 

W% t-}9, :i rHJ±.31~ "1].5'.. ¾Zlti]~~~- i}E-~;,]Dl]~,jll_½s'..?c... -ol£'0'Al:"'..s'..'i'i1/~s'..Z:., ¾2]tll\J~_?_Z} 0 l 

£. 'l}.s.*--:,l_i1}-'8 ¾Zltl]~~s'.,2}o]_cc_, ¾2lti]~-l½-'f-2.2}0]£. <,Jl~iill -2,-A}o]£~ ±~t-}c ¾21ui, ¾2]tll\J.:c,1 

~Z1~. ¾Z]-'f--icl]tl, ¾Z1F1l..§..2H~-.!'/'-.2..s'..oJ]~iill. ¾2]til\J.2] 10,:ll -l½-'f-_2_2]- 0 1£, ¾2loJ]~iill. ¾2]E'.s..'~~. !::..El 

iill--'f-E}r:] q1) 21 J::8' 0 ]-.=I ~ <'il 0 1 Fj£ .:'::_Eli@-¥-El- r:] <W 27 tll, oJl ~ A] y 7 l, Lf-'?d~ %% ),}% W "'r 9J_c,_q' 01 oJl 

[C•G56] --'-J7l 'i] Zi "il s'-'i'::' -=r-21 1e-]-, Ll 7,ll_ "-1-. ,:':: ,j] 9J <'i] :"::::;,]- ci-]-, Fl FHr tJ,'-_ L] ~ ~±"11( foam). -=r-21 tfr±:<l]. i!.s=..~J ~ 

4f- 0 l ,3:T_EJ-8 ¾2luj 71.1.B, ?) 0 ]%9] J':W_(J_-5'_ 0 1-¥-oi~ -;r-oJ]J,-j ;j,~i;:1~ 3f& 1,Hl--W T 5'.)r:}. 

[0058] 1J 7 ] %:::;-4 (~-l'-=:;-.f- ~¥~. xi!xB ?) zcl_~-]-x1rn %DB %-oJH -E-'%t-}c,i ~¥~ ±.~~% ;;c1]3':t-}__il_, 01 £l;J%% 

aj_¾ ~{15:lloJ] S::..±t-}c,j 711±.~r:}. 0 ]2} :Q--€:- ~:::;- .xi]£ 'l_}'B-f- ~J--tB ~ 0 toJl \l..21 ~?i~ 1-H% 0 lE1_.5'.. ~ ~)11 

A7 oJ] Ai "c)- ,11~ Aj ~ -2:- 1l ?ft-]-7] -5'_ ~I:}. -'-J-7] % wB _?_'C' N-r::11 ~ iij ~21 ~ % g_ 1·1-% w -r '.;(),_<)_l} 01 oJl ~1 s:1 'C' 

3:! -2:- ()} L-1 r:}. 

[0061] "cJ-71 ti]'l"'~ -t1-7]-§-uBs..'i'::' ?'}_l;l_11] 0 l§..7ll, oJ].:-'::t-ll.s.7ll. oJlt-1l.s.7ll. 7'l]~7ll, ~.=2,'Hl. x'i'::' ll]~}~7-}/j -§-urn- 1,]­

% w T 91 r:}. )J-71 :l} ,l,l_tj] 01 ~ 7ll ¾DB-5'.. ~ r:] Dll ~ "7} _l;l_ tj] 01 ~(DMC). c] oirn °1 ]-y lil 01 ~(DEC). t:l .:"'_-5'_ '-ll :l} _l;l_ 

t1l 0 l~(DPC), Pi]~~s..'~ ?'}_l;l_li] 0 ]..§..(MPC), oJ]~E'.s'..';'A_ "l}_l;l_171c:,]~(EPC). JJJl~''l]~ ?']-,:t;J,,1ii'"]..§..(MEC), c,J]~i@ ?']­

_l;l_ 111 c:,] ~(EC), E',_?_ ','A_ >',1) c7]- _l;l_ 1ij,)] §..(PC) . ¥-~ ,ill cl} _l;l_ tj] 0 1 ~(BC) %,) l J,}%~ T ?l-2.. 9 , '.}71 c,J] c:'c. Ell E-71] % DB 

s'..'i'::' Dll ~ 0}1,1] E1] o] ~. ''l] ~ o}..\i] Ell ·~l _§_. n-E',_?_ 0,Il o};,'I] F1Jol ~. r:] Di]~ oH] Fj] ·~l _§_. tj]E,;l_E',_?_iI]_2_ 11] o] _§_, oJl ~E'. 

s'..ilj.2,tj]o]~. i-¥-F]s'..?,J-~. r1]?'}'€2}·~]_t:C_(decanolide), ~?]]s..?t~. Di]~s'_:-c"f~(mevalonolactone), '1}:"cs.. 

?t~<caprolactone). %01 ;,}%~ y 9Jr::}. ',:,}7] •'l]F1].s.7ll ¾oB.5'..~ r:J-¥-~ '-1lE1]-"'-. E1]§..Z}~2}~, r:]-~-2} 0d. 
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5-~~,J.}~t~~ %<11 -"~-§-~ ~r 9Jr:}. EE~ ~- 1 1 ~2¾7i! -§-D~~~ 0l!~~,iI¾: 0 1~~5-~g ~~¾ %0 1 A}%~ T 
~}_Q_u:L ;;}71 Bl(~}-187.}Ad --§-u~S:_~ E-CN(R-& ti~Y 2 1-B-71 20s?:! -~~~;i, ~-~l-~, EE~ -~ -;1-£9-l ~}§}Y~.71°1 
9, ·~l¾{J~ t/J-o5J q} .'±..\::- oJ]Eil_§_ {J~% ¥..WW T <<Jc.}) %2] 1.J_§__~-TT- r:.1Dil~¥..%6}P]~ %9] o}u]-'=ofr. 

[00(i2] ~71 lll"r"il ·fl-71 ¾nRc u~-_(J__sc_ x-l::- t-}1.} °FJ- -f':.~t-}oj l-}¾W T 91-2-9' t-}l} 0 1-';-} -f':.~t-}c,i -'Hl-t"}-l::­

{1-9--91 ~if tq~.g_ ~?~ti~~ ~;q -"d~°1l tr}2} ?~-~0~7il £~~ T ~JI, 0 l"C ~J-.:i~ ~ot~l ~~A}fi~~ J,}~½~l 

[(>(}63] .'±.~. '.}7] c1}_l;l__t1l 0 l_§__ 7 j] %n~91 1,--'i'- ~-t"§(cyclic) c1}_l;l__t1l 0 l_§__9.} +~·1(chainl cl~_l;l__lii'"].§.~ -f':.tJ-<,}ocJ \}-§-t-} 

c 3J_o] ½C.}. o] 7j--'j'- q}1 c?}_l;l__L-jlol.§.2} -'}i'"i'c;J 7}_l;l__li]o]_§__.\::- 1:1 1.]1,q 1:92] ljliiltl]s'.. -f':.~t"}etj ),}¾t-}c 

3J. 0 1 d_ tA "tj 9.l "il-'ci- 0 1 --'f-"rt"}7l] 1.}E}\r Y <-() c.}. 

[0064] ~ ~"§ -"] ';'4 7"-~ OJ] '-11 rr}~ lll T "cl -fi-71 ¾nR c ~71 cl} _l;l__ li] 0 1_§__ A] ¾ nBoJ] lclc)-t":}~ i,1!1}yJ::. A] fi-7] ¾nR~ i:-7 ¥.. 

-YW T -5:. 9J c+. 01 trfl ~71 7'} ]_;l__1.7l 01 _§_ 71] % Gfl 2} c!J-1}~ ~.t}-r J::.7ll -f'r-71 ¾wR-\::- 1: 1 l~ 7] 30: 121 .ljl-iYJ ll] _?_ -f':. 

i.·1 
l> ;;, 

. ~-,)~~~~,,,:::c· 
t::~--·· '~❖ 

!!, 

[0067] 

[0069] -',,}7] BJ-r;Jc~ 1,1:§"}yJ::.lll fi-7]%"~-l::- lj1jcfil, ¾-¥-.2.s'..'l11:W. l,2-tl¾-¥-.2.s'..'l11:W. l,3-Il¾-¥-.2.s'..lj1]:W. l,4-Il¾-¥­

.2.s'..'l11:W, 1.2.3-.§.2]¾4'-.2...?_11:i)cfil. 1.2.4-~i'l¾-¥-.2..s.'til:w. ~s'...?_'til'lll. 1.2-r]~s'...?_'til'lll. 

l,3-t:1~.?_s_'j1)'0_l_, 1,4-t]~s'.__?_'j1)';1]_ l.2,3-.§.2]~_?_.5".'j1l_q:lJ, 1,2,4-_§__i'l~s'...?_'j1)'0_)_ c'}o]S:'._.5:.111)';11, l,2-c]o}o] 

.2..5:.'l1] :W, l, 3-r] o}ol .2..5:.'l1] :W, l,"H-] o}ol .2.S:. 'l1] :W, 1, 2. 3-_§__ 2] o}ol .2.-5:. 'til :W, 1, 2, 4-~ i'l 6}o] .2..5'. 1j1) :W, 

~-¥-'W. ¾'f .2..s.½-¥-'W, l,2-c]½-¥-.2._sc_~'f<W. 1.3-tl¾'f .2..s.½-¥-'W, l,4-t:1¾-¥-.2.s'..~-'f-'W. 1.2,3-.§.'t']½-"F­

.2._sc_~'i' ,W, 1,2,4-~2]½";' .2._s_½-'f'-'<11, ~s'.__?_~-'f-'<lJ, 1,2-I]~_sc_s_½-'f'-'<lJ, 1,3-I]~_sc_s'._½-'f-'<11, 1,4-I]~_?_s'._ 

½-¥-•<11. 1.2.3-~i:'l~_sc__?_~-'f'-'<ll. l,2,4-~i'-l~s'...?_~':-"'<ll, ,1}0].2..5=.½-¥-'<ll. l,2-r]o~o].2.-5:.½-'\"-'W. l,:3-c]6}o] 

.2..5=.~-'f-';], 1,4-c]<J}o].2..5:.½4'-'W, l,2,:3-~t'-lo}-ol.2.5=.½-'\"-'l'l. 1,2,4-~'t']O}o].2._5=.~-¥-<;], 7'.}'i':i.~:ll. ';c) o]%9] 

± ~ .2..5'.. 0 14'-61 ~ 'iloJI ,,i Zi "~ .s:J-l::- 3l 0 1 c.}. 

0 

•" . ' q... \, 
/ \ ..... < 

[(>(}72] 
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[0074] -'c}-7] •>1] \J. i@ c1 l- _t,l_ lij,)] ~ lll ~} ~'-~ ,'1 rR 1I "'~ 'ti "i] 5_ -l=:- rl ¾¥- --2..3'- 61] \J. i;1l 7'} £ 111 °1 ~, ~ 5_-5"_ •>1] \J. i@ "l} _t,l_ lil 01 ~, 

t:] ~ 5_-5'_ 611 \J. i@ 7'} _t,l_ 111'"] ~, _c:l_.5'-5'. ,,i] \J. i@ 7} _t,l_ 11] c,] E . r] _c:l_.5_5'. 0 11 \J. i;Jl 7'} .li_ 111 ·~ l £, L] Es.. '~ll \J. i@ 7} _t,l_ 11] 0 l E , 

J,]o}:'o::_oj]~~ 7}_;,l_i,jlol~ .'£-l=:- ¾¥-.2..s.."1l~i'j1_ 7}_t,1_11]ol~ %¾ % T \Jt:J-. •~l?l'2- 'T~ r,Jcl;} ;g7}"1l~ t:--1* 

9-l -3}%% 7}T)Zi~Jll "of-il .. 0J~JI} %~ ;,}0121 ~-ltr ol--&-9i ol%~ ~~"6"}"C ~W% o~~ %~olc}. olc:i~ ~q 
~~ ~?i r~ lE <"9 <j O:t! ~ -C L iPF0 : L iBF4 : Li SbF(3• LiAsF13 , Li C~f;:iS03 , Li ClO~: L iAl02 • LiAlCLi, 

(lithium bis(oxalato) borate: Li808)5_ 0 1¥-0 Hl ,:i:-oj]',-j 1,Jf~~l-l=:- ii}L} .1.£-l=:- ½ 0 ],;}% 7 17-l(supporting) ~ 

t~ 'B _2_5_ ±. Wf;'l-t:j-. 2] 3ir<tJ 2] *-5:.-l=:- (} .1 1~ 7] 2. Oll 'il-$1 1-]M '7 1,}¾ii}-l=:- 7;/ 0 ] ~c}. 2J3/rqcj S•1 '5- .5:. 7 } -';}71 

~-'t]c>Jl .¥.W-5']~. ~tf~ol ?'H:!'2- ·1.5:.s=. ':'c} {ls=.½ 7j-7]_<=1_s._ --'f-7"-'2- ~tf~ 1;]';;;-% 1.j-E}\ll_ y ?t.il, 2]¼ ol 
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Attorney Docket No.: 12732-2003004 I Client Ref: US24652/ .. ./26813-C4 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 

Title 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 

Teruaki OCHIAI Art Unit 1725 
16/923,494 Examiner Sean P. Cullen 
July 8, 2020 Conf. No. 3273 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE ELECTRODE ACTIVE 
MATERIAL, AND SECONDARY BATTERY 

Alexandria, VA 22313-1450 

REPLY TO ACTION OF SEPTEMBER 21, 2020 

Please consider the following reply. 
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Amendments to the Specification 

Please replace the title with the following amended title: 

Attorney Docket: 12732-
2003004 I US24652/ .. ./26813-C4 

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM CO BAL TATE 

COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE, ]METHOD FOR 

MANUFACTURil'l"G POSITIVE ELECTRODE ACTIVE MATERIAL, AND 8ECO1'IDARY 

Bi\TTERY 

Please replace paragraph [031 O] with the following amended paragraph: 

FIG. 12D is a top view of the module 615. The conductive plate 613 is shown by a dotted 

line for clarity of the drawing. As illustrated in FIG. 12D, the module 615 may include a wiring 616 

which electrically connects the plurality of cylindrical secondary batteries 600 to each other. It is 

possible to provide the conductive plate 613 over the wiring 616 to overlap with each other. In 

addition, a temperature control device 617 may be provided between the plurality of eyhadriea-1 

cylindrical secondary batteries 600. When the cylindrical secondary batteries 600 are overheated, the 

temperature control device 617 can cool them, and when the cyhadriea-1 cylindrical secondary 

batteries 600 are cooled too much, the temperature control device 617 can heat them. Thus, the 

performance of the module 615 is not easily influenced by the outside air temperature. 

Please replace paragraph [0367] with the following amended paragraph: 

Specifically, when the total thickness of the stacked positive electrodes 11 a and negative 

electrodes l lb and the separators [[214]] 14 (not illustrated in FIGS. 22Bl, 22B2, 22C, or 22D) is 

referred to as a thickness t, the distance La is preferably 0.8 times or more and 3.0 times or less, 

further preferably 0.9 times or more and 2.5 times or less, still further preferably 1.0 times or more 

and 2. 0 times or less as large as the thickness t. When the distance La is in the above-described 

range, a compact battery which is highly reliable for bending can be obtained. 
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Attorney Docket: 12732-
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Please replace paragraph [0615] with the following amended paragraph: 

Ila: positive electrode, llb: negative electrode, 12a: lead, 12b: lead, 14: separator, 15a: bonding 

portion, 15b: bonding portion, 17: fixing member, 50: secondary battery, 51: exterior body, 61: 

folded portion, 62: seal portion, 63: seal portion, 71: crest line, 72: trough line, 73: space, 100: 

positive electrode active material, 101: first region, 101 p: crystal plane, 102: second_region, 102p: 

crystal plane, 103: third region, 103p: crystal plane, 104: fourth region, 105: coating film, 106: crack 

portion, 110: particle, 111: region, 112: layer containing titanium, 114: cobalt oxide layer, 120: 

particle, 121: region, 122: layer containing titanium, 124: cobalt oxide layer, 125: layer containing 

lithium titanate, 200: active material layer, 201: graphene compound, 214: separator, 280: spray dry 

apparatus, 281: chamber, 282: nozzle, 283: tube, 284: suspension, 285: heater, 286: collection 

container, 288: arrow, 300: coin-type secondary battery, 301: positive electrode can, 302: negative 

electrode can, 303: gasket, 304: positive electrode, 305: positive electrode current collector, 306: 

positive electrode active material layer, 307: negative electrode, 308: negative electrode current 

collector, 309: negative electrode active material layer, 310: separator, 500: laminated laminated 

secondary battery, 501: positive electrode current collector, 502: positive electrode active material 

layer, 503: positive electrode, 504: negative electrode current collector, 505: negative electrode 

active material layer, 506: negative electrode, 507: separator, 508: electrolyte solution, 509: exterior 

body, 510: positive electrode lead electrode, 511: negative electrode lead electrode, 600: cylindrical 

secondary battery, 601: positive electrode cap, 602: battery can, 603: positive electrode terminal, 

604: positive electrode, 605: separator, 606: negative electrode, 607: negative electrode terminal, 

608: insulating plate, 609: insulating plate, 611: PTC element, 612: safety valve mechanism, 613: 

conductive plate, 614: conductive plate, 615: module, 616: wiring, 617: temperature control device, 

900: circuit board, 910: label, 911: terminal, 912: circuit, 913: secondary battery, 914: antenna, 915: 

antenna, 916: layer, 917: layer, 918: antenna, 920: display device, 921: sensor, 922: terminal, 930: 

housing, 930a: housing, 930b: housing, 931: negative electrode, 932: positive electrode, 933: 

separator, 950: wound body, 951: terminal, 952: terminal, 980: laminated secondary battery, 981: 

film, 982: film, 993: wound body, 994: negative electrode, 995: positive electrode, 996: separator, 

997: lead electrode, 998: lead electrode, 7100: portable display device, 7101: housing, 7102: display 

portion, 7103: operation button, 7104: secondary battery, 7200: portable information terminal, 7201: 
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housing, 7202: display portion, 7203: band, 7204: buckle, 7205: operation button, 7206: input output 

terminal, 7207: icon, 7300: display device, 7304: display portion, 7400: mobile phone, 7401: 

housing, 7402: display portion, 7403: operation button, 7404: external connection port, 7405: 

speaker, 7406: microphone, 7407: secondary battery, 7408: lead electrode, 7409: current collector, 

7500: vaporizer, 7501: atomizer, 7502: cartridge, 7504: secondary battery, 8000: display device, 

8001: housing, 8002: display portion, 8003: speaker portion, 8004: secondary battery, 8021: ground­

based charging apparatus, 8022: cable, 8024: secondary battery, 8100: lighting device, 8101: 

housing, 8102: light source, 8103: secondary battery, 8104: ceiling, 8105: wall, 8106: floor, 8107: 

window, 8200: indoor unit, 8201: housing, 8202: air outlet, 8203: secondary battery, 8204: outdoor 

unit, 8300: electric refrigerator-freezer, 8301: housing, 8302: refrigerator door, 8303: freezer door, 

8304: secondary battery, 8400: automobile, 8401: headlight, 8406: electric motor, 8500: automobile, 

8600: motor scooter, 8601: side mirror, 8602: secondary battery, 8603: indicator, 8604: storage unit 

under seat, 9600: tablet terminal, 9625: power saving mode changing switch, 9626: display mode 

changing switch, 9627: power switch, 9628: operation switch, 9629: fastener, 9630: housing, 9630a: 

housing, 9630b: housing, 9631: display portion, 9631 a: display portion, 9631 b: display portion, 

9633: solar cell, 9634: charge and discharge control circuit, 9635: power storage unit, 9636: DCDC 

converter, 9637: converter, 9640: movable portion. 
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1. (Currently Amended) A lithium-ion secondary battery comprising a positive electrode, the 

positive electrode comprising a positive electrode active material particle comprising lithium cobaltate, 

wherein the positive electrode active material particle comprises a first region and a second 

region, 

wherein the first region comprises a layered rock-salt crystal structure, 

wherein the second region comprises a rock-salt crystal structure, 

wherein the positive electrode active material particle comprises titanium, magnesium, fluorine, 

and oxygen in the second region, a range from a surface of the positive electrode active material particle 

to an inside of the positive electrode active material particle where a concentration of the magnesium 

which is detected by analysis in a depth direction is 1/5 of a peak. 

wherein the second region extends from a surface of the positive electrode active material 

particle to an inside of the positive electrode active material particle where magnesium detected by a line 

analysis of energy dispersive X-ray spectroscopy (EDX) in a depth direction is 1/5 of a maximum peak of 

the magnesium in the line analysis, and 

wherein a crystal orientation of at least a part of the first region and a crystal orientation of at 

least a part of the second region are substantially aligned. 

2. (Canceled) 

3. (Previously Presented) The lithium-ion secondary battery according to claim 1, 

wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and 

less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to 

an XPS analysis and a concentration of cobalt is defined as 1. 

4. (Previously Presented) The lithium-ion secondary battery according to claim 1, 

wherein a relative value of a concentration of the magnesium is greater than or equal to 0.4 and 

less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected to 

an XPS analysis and a concentration of cobalt is defined as 1. 
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5. (Original) The lithium-ion secondary battery according to claim 1, 

wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from 

the surface of the positive electrode active material particle to a depth of 5 nm. 

6. (Original) The lithium-ion secondary battery according to claim 1, 

wherein the positive electrode further comprises a conductive additive, and 

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene. 

7. (Currently Amended) A lithium-ion secondary battery comprising a positive electrode, the 

positive electrode comprising a positive electrode active material particle comprising lithium cobaltate, 

wherein the positive electrode active material particle comprises a first region and a second 

region, 

wherein the first region comprises a layered rock-salt crystal structure, 

wherein the second region comprises a crystal structure which is different from the layered rock­

salt crystal structure, 

wherein the positive electrode active material particle comprises titanium, magnesium, fluorine, 

and oxygen in the second region, a range from a surface of the positive electrode active material particle 

to an inside of the positive electrode active material particle where a concentration of the magnesium 

which is detected by analysis in a depth direction is l/5 of a peak, and 

wherein the second region extends from a surface of the positive electrode active material 

particle to an inside of the positive electrode active material particle where magnesium detected by a line 

analysis of energy dispersive X-ray spectroscopy (EDX) in a depth direction is 1/5 of a maximum peak of 

the magnesium in the line analysis, and 

wherein a concentration of the magnesium is larger than a concentration of the titanium when 

the surface of the positive electrode active material particle is subjected to an XPS analysis. 

wherein a crystal orientation of at least a part of the first region and a crystal orientation of at 

least a part of the second region are substantially aligned. 

8. (Canceled) 

9. (Previously Presented) The lithium-ion secondary battery according to claim 7, 
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wherein a relative value of the concentration of the titanium is greater than or equal to 0.05 and 

less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to 

the XPS analysis and a concentration of cobalt is defined as 1. 

10. (Previously Presented) The lithium-ion secondary battery according to claim 7, 

wherein a relative value of the concentration of the magnesium is greater than or equal to 0.4 

and less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected 

to the XPS analysis and a concentration of cobalt is defined as 1. 

11. (Previously Presented) The lithium-ion secondary battery according to claim 7, 

wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from 

the surface of the positive electrode active material particle to a depth of 5 nm. 

12. (Original) The lithium-ion secondary battery according to claim 7, 

wherein the positive electrode further comprises a conductive additive, and 

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene. 

13. (Currently Amended) An electronic device comprising a A lithium-ion secondary battery, 

the lithium ion secondary battery comprising[[:]] 

a positive electrode, the positive electrode comprising a positive electrode active material 

particle comprising lithium cobaltate[[;]].,_ 

a negative electrode; and 

region, 

an electrolyte, 

wherein the positive electrode active material particle comprises a first region and a second 

wherein the first region comprises a layered rock-salt crystal structure, 

wherein the second region comprises a rock-salt crystal structure, 

wherein the second region covers at least a part of the first region, 

wherein the positive electrode active material particle comprises titanium, magnesium, fluorine, 

and oxygen in the second region, and a range from a surface of the positive electrode active material 

particle to an inside of the posifr,,e electrode active material particle where a concentration of the 

magnesium which is detected by analysis in a depth direction is l/5 of a peal.:. 
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wherein a crystal orientation of at least a part of the first region and a crystal orientation of at 

least a part of the second region are substantially aligned. 

14. (Canceled) 

15. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 13, 

wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and 

less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to 

an XPS analysis and a concentration of cobalt is defined as 1. 

16. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 13, 

wherein a relative value of a concentration of the magnesium is greater than or equal to 0.4 and 

less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected to 

an XPS analysis and a concentration of cobalt is defined as 1. 

17. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 13, 

wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from 

the surface of the positive electrode active material particle to a depth of 5 nm. 

18. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 13, 

wherein the positive electrode further comprises a conductive additive, and 

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene. 

19. (Currently Amended) An electronic device comprising a A lithium-ion secondary battery, 

the lithium: ion secondary battery comprising[[:]] 

a positive electrode~ the positive electrode comprising a positive electrode active material 

particle comprising lithium cobaltate[[;]L 

a negative electrode; and 
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an electrolyte, 

wherein the positive electrode active material particle comprises a first region and a second 

region, 

wherein the first region comprises a layered rock-salt crystal structure, 

wherein the second region comprises a crystal structure which is different from the layered rock-

salt crystal structure, 

wherein the first region comprises cobalt, 

wherein the second region covers at least a part of the first region, 

wherein the second region the positive electrode active material particle comprises titanium, 

magnesium, fluorine, and oxygen in the second region, and 

'Nherein the second region covers at least a part of the first region, and 

'Nherein the second region is in a range from a surface of the positive electrode active material 

particle to an inside of the posifr,,e electrode active material particle where a concentration of the 

magnesium which is detected by analysis in a depth direction is l/5 of a peal.:. 

wherein a crystal orientation of at least a part of the first region and a crystal orientation of at 

least a part of the second region are substantially aligned. 

20. (Canceled) 

21. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 19, 

wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and 

less than or equal to 0.4 when the surface of the positive electrode active material particle is subjected to 

an XPS analysis and a concentration of cobalt is defined as 1. 

22. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 19, 

wherein a relative value of a concentration of the magnesium is greater than or equal to 0.4 and 

less than or equal to 1.5 when the surface of the positive electrode active material particle is subjected to 

an XPS analysis and a concentration of cobalt is defined as 1. 
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23. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 19, 

wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a range from 

the surface of the positive electrode active material particle to a depth of 5 nm. 

24. (Currently Amended) The electronic device lithium-ion secondary battery according to 

claim 19, 

wherein the positive electrode further comprises a conductive additive, and 

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene. 

25. (New) The lithium-ion secondary battery according to claim 7, 

wherein a concentration of the magnesium is larger than a concentration of the titanium when 

the surface of the positive electrode active material particle is subjected to an XPS analysis. 
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Amendments to the Drawings 

Attorney Docket: 12732-
2003004 I US24652/ .. ./26813-C4 

The attached replacement sheets of drawings includes changes to FIGS. 22A-22D and 37 A-40E2 
and replaces the original sheets including FIGS. 22A-22D and 37 A-40E2. 

Reference character 10 has been removed from FIGS. 22A, 22Bl, 22B2, and 22D, and reference 
character 10a has been removed from FIG. 22C. FIGS. 37A-40E2 have been replaced with 
higher resolution images. 

Attachments following last page of this Amendment: 

Replacement Sheets (5 pages) 
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REMARKS 

Attorney Docket: 12732-
2003004 I US24652/ .. ./26813-C4 

Claims 1, 3-7, 9-13, 15-19, and 21-25 are pending, with claims 1, 7, 13, and 19 being 

independent. Claims 1, 5, 7, 13, 15-19, and 21-24 have been amended, and claim 25 has been 

added. The specification and drawings have been amended to overcome objections. Support for 

the amendments and new claim is found throughout the specification and drawings as filed. 

Information Disclosure Statement 

A copy of KR 10-0696619 was provided with the Information Disclosure Statement filed 

on October 21, 2020. 

Drawings 

Replacement drawing sheets for FIGS. 22A-22D are provided, in which reference 

character 10 has been removed from FIGS. 22A, 22Bl, 22B2, and 22D, and reference character 

10a has been removed from FIG. 22C. Replacement drawing sheets for FIGS. 37A-40E2 are 

provided. These drawings are of sufficient quality so that all details in the photographs are 

reproducible in the printed patent. Paragraphs [0367] and [0615] have been amended to remove 

reference character 214. Applicant therefore requests withdrawal of the objections to the 

drawings. 

Specification 

Paragraphs [031 O] and [0615] have been amended to remove the underlined words 

"cylindrical" and "laminated," respectively. Paragraph [0367] has been amended to replace 

reference character 214 with reference character 14, which is shown at least in FIG. 23A and 

referred to at least in paragraphs [0356], [0357], and [0359] of the specification. 

Title 

The title has been amended as suggested by the Examiner. 
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Claim Reiections - 35 USC§ 102 

Attorney Docket: 12732-
2003004 I US24652/ .. ./26813-C4 

Claims 1, 3-5, 7, 9-11, 13, 15-17, 19, and 21-23 were rejected under 35 U.S.C. § 

102(a)(l) over CN 102610806 B (Liu). 

Applicant requests withdrawal of this rejection because Liu does not describe or suggest 

a positive electrode active material particle comprising a first region and a second region, 

"wherein the first region comprises a layered rock-salt crystal structure," "wherein the second 

region comprises a rock-salt crystal structure" or "wherein the second region comprises a crystal 

structure which is different from the layered rock-salt crystal structure," and "wherein a crystal 

orientation of at least a part of the first region and a crystal orientation of at least a part of the 

second region are substantially aligned," as recited by amended independent claims 1, 7, 13, and 

19. Nor does Liu describe or suggest "wherein the second region covers at least a part of the first 

region," as recited by claims 13 and 19. 

Applicant further requests withdrawal of this rejection of claims 1 and 7 and their 

dependent claims because Liu does not describe or suggest "wherein the second region extends 

from a surface of the positive electrode active material particle to an inside of the positive 

electrode active material particle where magnesium detected by a line analysis of energy 

dispersive X-ray spectroscopy (EDX) in a depth direction is 1/5 of a maximum peak of the 

magnesium in the line analysis." Rather, paragraph [0012] of Liu discloses a positive electrode 

active material for a lithium ion battery with the structural formula LiaC01-b-cAbBcO2-tlCtl, where 

the element A, which can be magnesium, is evenly distributed in the bulk phase of the positive 

active electrode material. Paragraph [0013] of Liu explains that an inhomogeneity in element A 

would cause local structural instability and affect overall performance. A uniform distribution of 

magnesium would not result in the positive electrode active material particle with the distribution 

of magnesium recited by claims 1 and 7. Thus, for this additional reason, this rejection of claims 

1 and 7 as well as their dependent claims should be withdrawn. 

Claims dependent from independent claims 1, 7, 13, and 19 are also separately 

patentable. For example, Liu does not describe or suggest "wherein a relative value of a 

concentration of the titanium is greater than or equal to 0.05 and less than or equal to 0.4 when 

the surface of the positive electrode active material particle is subjected to an XPS analysis and a 

concentration of cobalt is defined as l," as recited by claims 3, 9, 15, and 21. In the structural 
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Attorney Docket: 12732-
2003004 I US24652/ .. ./26813-C4 

formula of Liu (LiaC01-b-cAbBc02-dCd), only element B can be titanium. Although paragraph 

[0014] of Liu describes a distribution of the B element, Liu does not describe the recited relative 

value of a concentration of B with respect to cobalt. As such, a primafacie case of anticipation 

has not been established, the rejection of claims 3, 9, 15, and 21 of Liu should be withdrawn. 

Claim Reiections - 35 USC § 103 

Claims 6, 12, 18, and 24 were rejected under 35 U.S.C. § 103 over Liu as applied to 

claims 1, 7, 13, and 19, respectively, and further in view of US 2016/0104880 (Gao). The Office 

Action relies on Gao to disclose a positive electrode comprising at least one of carbon fiber, 

graphene, or multilayer graphene as a conductive additive to improve the conductivity of the 

positive electrode. However, Gao does not cure the deficiencies of Liu with respect to 

independent claims 1, 7, 13, and 19. Applicant therefore requests withdrawal of this rejection. 

New Claim 

New claim 25 depends from claim 7 and recites: "wherein a concentration of the 

magnesium is larger than a concentration of the titanium when the surface of the positive 

electrode active material particle is subjected to an XPS analysis." Claim 25 is allowable at least 

for reasons described above with respect to claim 7. 
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Conclusion 

Attorney Docket: 12732-
2003004 I US24652/ .. ./26813-C4 

All claims are in condition for allowance. The fee for one excess dependent claim is 

being paid with this reply on the Electronic Filing System. Apply those fees and any other 

necessary charges or credits to Deposit Account 06-1050, referencing the above attorney docket 

number. 

Date: December 21 2020 

Customer Number 26171 
Fish & Richardson P.C. 
Telephone: +l 512-226-8156 
Facsimile: (877) 769-7945 

41494585.doc 

Respectfully submitted, 

/Heather L. Flanagan/ 

Heather L. Flanagan 
Reg. No. 54,101 
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Office Action Summary 

Application No. 

16/923,494 

Examiner 

Sean P Cullen, Ph.D. 

Applicant(s) 

OCHIAI etal. 

Art Unit 

1725 

AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING 
DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )~ Responsive to communication(s) filed on 21 December 2020. 

□ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)~ This action is FINAL. 2b) □ This action is non-final. 

3)□ An election was made by the applicant in response to a restriction requirement set forth during the interview 
on __ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) ~ Claim(s) 1,3-7,9-13,15-19 and 21-25 is/are pending in the application. 

5a) Of the above claim(s) is/are withdrawn from consideration. 

6) D Claim(s) is/are allowed. 

7) ~ Claim(s) 1,3-7,9-13,15-19 and 21-25 is/are rejected. 

8) □ Claim(s) __ is/are objected to. 

9) D Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )~ The drawing(s) filed on 21 December 2020 is/are: a)~ accepted or b)□ objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)□ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)□ All b)D Some** c)□ None of the: 

1.□ Certified copies of the priority documents have been received. 

2.□ Certified copies of the priority documents have been received in Application No. __ . 

3.□ Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 

** See the attached detailed Office action for a list of the certified copies not received. 
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2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 
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DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Status of Claims and Other Notes 

2. Claim(s) 1, 3-7, 9-13, 15-19, and 21-25 is/are pending. 

3. Claim(s) 2, 8, 14, and 20 is/are canceled. 

4. The paragraph numbers cited in this Office Action in reference to the instant application 

are referring to the paragraph numbering of the PG-Pub of the instant application. See US 

2020/0343530 Al. 

5. The text of those sections of Title 35, U.S. Code not included in this action can be found 

in a prior Office action. 

Information Disclosure Statement 

6. The information disclosure statement (IDS) submitted on 18 September 2020 was filed 

before the mailing of a first Office Action on the merits. The submission complies with the 

provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being 

considered by the examiner. 

7. The information disclosure statement (IDS) submitted on 24 September 2020 was filed 

after the mailing date of the non-final Office Action on 21 September 2020. The submission 

complies with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement 

is being considered by the examiner. 
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8. The information disclosure statement (IDS) submitted on 21 October 2020 was filed after 

the mailing date of the non-final Office Action on 21 September 2020. The submission complies 

with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being 

considered by the examiner. 

9. The information disclosure statement (IDS) submitted on 21 December 2020 was filed 

after the mailing date of the non-final Office Action on 21 September 2020. The submission 

complies with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement 

is being considered by the examiner. 

Drawings 

10. The drawings were received on 21 December 2020. These drawings are acceptable. 

11. Applicants' amendment(s) have overcome the objection(s) to the drawing(s). 

Specification 

12. Applicants' amendment(s) have overcome the objection(s) to the specification. 

Claim Rejections - 35 USC§ 112 

13. The following is a quotation of the first paragraph of 35 U.S.C. 112(a): 

(a) IN GENERAL.-The specification shall contain a written description of the invention, and 
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to 
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor 
of carrying out the invention. 

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and 
process of making and using it, in such full, clear, concise, and exact terms as to enable any person 
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14. Claim(s) 7, 9-12, 19, and 21-25 is/are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 

(pre-AIA), first paragraph, because the specification, while being enabling for a second region 

comprising a rock-salt crystal structure, does not reasonably provide enablement for a second 

region comprising a crystal structure which is different from a layered rock-salt crystal structure. 

The specification does not enable any person skilled in the art to which it pertains, or with which 

it is most nearly connected, to make the invention commensurate in scope with these claims. 

Claim 7 recites the limitation "wherein the second region comprises a crystal structure 

which is different from the layered rock-salt crystal structure." The breadth of the claims is large. 

The limitation "wherein the second region comprises a crystal structure which is different from 

the layered rock-salt crystal structure" encompasses a second region with any crystal structure 

other than a layered rock-salt crystal structure. The nature of the invention is complex. The 

manufacturing of active material particles include many factors, such as, concentration, 

temperature, pressure, additives, solvents, and post treatments. The level of predictability in the 

art is low because many factors affect a crystal structure of an active material particle, such as, 

concentration, temperature, pressure, reactants, additives, solvents, and post treatments. The 

amount of direction provided by the inventor is low. The inventor provides direction to 

manufacture only a second region with a rock-salt crystal structure. The working examples 

provided only have a second region with a rock-salt crystal structure. Therefore, the amount of 

experimentation is undue to make the invention commensurate in scope with claim 7. 

Claims 9-12 are directly dependent from claim 7 and include all the limitations of claim 

7. Claims 9-12 also fail to further limit the scope of the second region. Therefore, the amount of 

experimentation is undue to make the invention commensurate in scope with claims 9-12. 
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Claim 19 recites the limitation "wherein the second region comprises a crystal structure 

which is different from the layered rock-salt crystal structure." The breadth of the claims is large. 

The limitation "wherein the second region comprises a crystal structure which is different from 

the layered rock-salt crystal structure" encompasses a second region with any crystal structure 

other than a layered rock-salt crystal structure. The nature of the invention is complex. The 

manufacturing of active material particles include many factors, such as, concentration, 

temperature, pressure, reactants, additives, solvents, and post treatments. The level of 

predictability in the art is low because many factors affect a crystal structure of an active material 

particle, such as, concentration, temperature, pressure, reactants, additives, solvents, and post 

treatments. The amount of direction provided by the inventor is low. The inventor provides 

direction to manufacture only a second region with a rock-salt crystal structure. The working 

examples provided only have a second region with a rock-salt crystal structure. Therefore, the 

amount of experimentation is undue to make the invention commensurate in scope with claim 

19. 

Claims 22-24 are directly dependent from claim 19 and include all the limitations of 

claim 19. Claims 22-24 also fail to further limit the scope of the second region. Therefore, the 

amount of experimentation is undue to make the invention commensurate in scope with claims 

22-24. 

Claim 25 is directly dependent from claim 7 and includes all the limitations of claim 7. 

Claim 25 also fails to further limit the scope of the second region. Therefore, the amount of 

experimentation is undue to make the invention commensurate in scope with claim 25. 

15. The following is a quotation of 35 U.S.C. 112(b): 



AMPEREX Ex. 1002 
Page 1313

Application/Control Number: 16/923,494 
Art Unit: 1725 

(b) CONCLUSION.-The specification shall conclude with one or more claims particularly pointing 
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the 
invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Page 6 

16. Claim(s) 1, 3-7, 9-13, 15-19, and 21-24 is/are rejected under 35 U.S.C. 112(b) or 

35 U.S.C. 112 (pre-AIA), second paragraph, as being indefinite for failing to particularly point 

out and distinctly claim the subject matter which the inventor or a joint inventor ( or for 

applications subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention. 

Claim 1 recites the limitation "wherein a crystal orientation of at least a part of the first 

region and a crystal orientation of at least a part of the second region are substantially aligned." It 

is unclear with what a crystal orientation of at least a part of the first region and a crystal 

orientation of at least a part of the second region are substantially aligned. Are a crystal 

orientation of at least a part of the first region and a crystal orientation of at least a part of the 

second region substantially aligned with each other? 

Claims 3-6 are directly dependent from claim 1 and include all the limitations of claim 1. 

Therefore, claims 3-6 are also indefinite for failing to particularly point out and distinctly claim 

the subject matter which the inventor or a joint inventor (or for applications subject to pre-AIA 

35 U.S.C. 112, the applicant), regards as the invention. 

Claim 7 recites the limitation "wherein a crystal orientation of at least a part of the first 

region and a crystal orientation of at least a part of the second region are substantially aligned." It 

is unclear with what a crystal orientation of at least a part of the first region and a crystal 

orientation of at least a part of the second region are substantially aligned. Are a crystal 
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orientation of at least a part of the first region and a crystal orientation of at least a part of the 

second region substantially aligned with each other? 

Claims 9-12 are directly dependent from claim I and include all the limitations of claim 

7. Therefore, claims 9-12 are also indefinite for failing to particularly point out and distinctly 

claim the subject matter which the inventor or a joint inventor ( or for applications subject to pre-

AIA 35 U.S.C. 112, the applicant), regards as the invention. 

Claim 13 recite the limitation "a part of the first region" in line 16. Claim 13 has 

previously recited the limitation "a part of the first region" in line 11. It is unclear if "a part of the 

first region" recited in line 16 is further limiting "a part of the first region" recited in line 11. 

Claim 13 recites the limitation "wherein a crystal orientation of at least a part of the first 

region and a crystal orientation of at least a part of the second region are substantially aligned." It 

is unclear with what a crystal orientation of at least a part of the first region and a crystal 

orientation of at least a part of the second region are substantially aligned. Are a crystal 

orientation of at least a part of the first region and a crystal orientation of at least a part of the 

second region substantially aligned with each other? 

Claims 15-18 are directly dependent from claim 13 and include all the limitations of 

claim 13. Therefore, claims 15-18 are also indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor ( or for applications 

subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention. 

Claim 19 recites the limitation "a part of the first region" in line 20. Claim 19 has 

previously recited the limitation "a part of the first region" in line 13. It is unclear if "a part of the 

first region" recited in line 20 is further limiting "a part of the first region" recited in line 13. 
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Claim 19 recites the limitation "wherein a crystal orientation of at least a part of the first 

region and a crystal orientation of at least a part of the second region are substantially aligned." It 

is unclear with what a crystal orientation of at least a part of the first region and a crystal 

orientation of at least a part of the second region are substantially aligned. Are a crystal 

orientation of at least a part of the first region and a crystal orientation of at least a part of the 

second region substantially aligned with each other? 

Claims 21-24 are directly dependent from claim 19 and include all the limitations of 

claim 19. Therefore, claims 21-24 are also indefinite for failing to particularly point out and 

distinctly claim the subject matter which the inventor or a joint inventor ( or for applications 

subject to pre-AIA 35 U.S.C. 112, the applicant), regards as the invention. 

Response to Arguments 

17. Applicant's arguments with respect to claim(s) 1, 3-7, 9-13, 15-19, and 21-25 have 

been considered but are moot because the new ground of rejection does not rely on any reference 

applied in the prior rejection of record for any teaching or matter specifically challenged in the 

argument. 

Conclusion 

18. The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. 

Yura (US 2012/0258358 Al) discloses a lithium-ion secondary battery (1) comprising a 

positive electrode (2), the positive electrode (2) comprising a positive electrode active material 

particle (222) comprising lithium cobaltate (see LiCoO2, [0018]), wherein the positive electrode 
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[0061]), wherein the first region (222a) comprises a layered rock-salt crystal structure (Fig. 3, 

[0061]), wherein the second region (222a) comprises a rock-salt crystal structure (Fig. 3, [0061]), 

wherein a crystal orientation of at least part of the first region (222a) and a crystal orientation of 

at least a part of the second region (222a) are substantially aligned with each other (Fig. 3, 

[0062]). 

19. Applicant's amendment necessitated the new ground(s) ofrejection presented in this 

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 

Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136( a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CFR l.136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the date of this 

final action. 

20. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251. 

The examiner can normally be reached on Monday to Thursday 6:00 am to 4:00 pm CT, Friday 

6:00 am to 12:00 pm CT. 
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Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to 

the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll­

free ). If you would like assistance from a USPTO Customer Service Representative or access to 

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 
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FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 26171 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16923494 

Document 
CTFR 
892 
1449 
1449 
1449 
1449 

Mailroom Date 
01/11/2021 
01/11/2021 
01/11/2021 
01/11/2021 
01/11/2021 
01/11/2021 

Attorney Docket No. 
12732-2003004 
12732-2003004 
12732-2003004 
12732-2003004 
12732-2003004 
12732-2003004 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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ATTORNEY DOCKET NO. 
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CONFIRMATION NO. 
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EXAMINER 

CULLEN. SEAN P 

ART UNIT PAPER NUMBER 

1725 

NOTIFICATION DATE DELIVERY MODE 

02/04/2021 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

PA TDOCTC@fr.com 
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Application No. 
16/923,494 

Applicant-Initiated Interview Summary Examiner 
Sean P Cullen, Ph.D 

Sean P Cullen, Ph.D. 
Heather Flanagan 

Date of Interview: 29 January 2021 

Issues Discussed: 

35 u.s.c. 112 

Primary Examiner 
Attorne 

Applicant(s) 
OCHIAI etal. 
Art AIA {First Inventor 
Unit to File) Status 

1725 Yes 

Telephonic 

It was agreed that the proposed amendments would overcome the 112a and 112 b rejections. 

Proposed Amendment(s) 

Applicant proposed canceling claims 7, 9-12, 19, and 21-25. 

Applicant further proposed amending claims 1 and 13 from "wherein a crystal orientation of at least a 
part of the first region and a crystal orientation of at least a part of the second region are substantially 
aligned" to "wherein a crystal orientation of at least a second part of the first region and a crystal 
orientation of at least a part of the second region are substantially aligned with each other." 

Page 

1 of 2 

Applicant further proposed amending claim 13 from "wherein the second region covers at least a part of 
the first region" to "wherein the second region covers at least a first part of the first region." 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 I 
Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in 
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated 
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04 
Please further see: 
MPEP 713.04 
Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b) 
37 CFR § 1 .2 Business to be transacted in writing 

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the 
interview. (See MPEP section 713.04). If a reply to the last Office action has already been filed, applicant is given a 
non-extendable period of the longer of one month or thirty days from this interview date, or the mailing date of this 
interview summary form, whichever is later, to file a statement of the substance of the interview. 

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete 
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete 

U.S. Patent and Trademark Office 
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20210129 
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and proper recordation including the identification of the general thrust of each argument or issue discussed, a general 
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the 
interview, to include an indication as to whether or not agreement was reached on the issues raised. 

U.S. Patent and Trademark Office 
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20210129 
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Dear PAIR Customer: 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 26171 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16923494 

Document 
EXIN 

Mailroom Date 
02/04/2021 

Attorney Docket No. 
12732-2003004 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Application No. 
Filed 

Title 

MAIL STOP AF 
Commissioner for Patents 
P.O. Box 1450 

Teruaki OCHIAI 
16/923,494 
July 8, 2020 

Art Unit 
Examiner 
Conf. No. 

1725 
Sean P. Cullen 
3273 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE ELECTRODE ACTIVE 
MATERIAL, AND SECONDARY BATTERY 

Alexandria, VA 22313-1450 

INTERVIEW SUMMARY ANDREPLYTOACTIONOF JANUARY 11, 2021 

Please consider the following reply. 
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Application No. 
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Amendments to Claims 

Listing of Claims 

Attorney Docket: 12732-2003004 I 
US24652/ .. ./26813-C4 

1. (Currently Amended) A lithium-ion secondary battery comprising a positive electrode, 

the positive electrode comprising a positive electrode active material particle comprising lithium 

cobaltate, 

wherein the positive electrode active material particle comprises a first region and a 

second region, 

wherein the first region comprises a layered rock-salt crystal structure, 

wherein the second region comprises a rock-salt crystal structure, 

wherein the positive electrode active material particle comprises titanium, magnesium, 

fluorine, and oxygen in the second region, wherein the second region extends from a surface of 

the positive electrode active material particle to an inside of the positive electrode active material 

particle where magnesium detected by a line analysis of energy dispersive X-ray spectroscopy 

(EDX) in a depth direction is 1/5 of a maximum peak of the magnesium in the line analysis, and 

wherein a crystal orientation of at least a part of the first region and a crystal orientation 

of at least a part of the second region are substantially aligned with each other. 

2. (Canceled) 

3. (Previously Presented) The lithium-ion secondary battery according to claim !,wherein 

a relative value of a concentration of the titanium is greater than or equal to 0.05 and less than or 

equal to 0.4 when the surface of the positive electrode active material particle is subjected to an 

XPS analysis and a concentration of cobalt is defined as 1. 

4. (Previously Presented) The lithium-ion secondary battery according to claim 1, 

wherein a relative value of a concentration of the magnesium is greater than or equal to 

0.4 and less than or equal to 1.5 when the surface of the positive electrode active material 

particle is subjected to an XPS analysis and a concentration of cobalt is defined as 1. 
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First Named Inventor : Temaki OCHIAI 
16/923,494 

Attorney Docket: 12732-2003004 I 
US24652/ .. ./26813-C4 Application No. 

Filed July 8, 2020 
Page 3 of6 

5. (Original) The lithium-ion secondary battery according to claim 1, 

wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a 

range from the surface of the positive electrode active material particle to a depth of 5 nm. 

6. (Original) The lithium-ion secondary battery according to claim 1, 

wherein the positive electrode further comprises a conductive additive, and 

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene. 

7-12. (Cancelled) 

13. (Currently Amended) A lithium-ion secondary battery comprising 

a positive electrode, the positive electrode comprising a positive electrode active material 

particle comprising lithium cobaltate, 

wherein the positive electrode active material particle comprises a first region and a 

second region, 

wherein the first region comprises a layered rock-salt crystal structure, 

wherein the second region comprises a rock-salt crystal structure, 

wherein the second region covers at least a first part of the first region, 

wherein the positive electrode active material particle comprises titanium, magnesium, 

fluorine, and oxygen in the second region, and 

wherein a crystal orientation of at least a second part of the first region and a crystal 

orientation of at least a part of the second region are substantially aligned with each other. 

14. (Canceled) 

15. (Previously Presented) The lithium-ion secondary battery according to claim 13, 

wherein a relative value of a concentration of the titanium is greater than or equal to 0.05 and 

less than or equal to 0.4 when the surface of the positive electrode active material particle is 

subjected to an XPS analysis and a concentration of cobalt is defined as 1. 
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16. (Previously Presented) The lithium-ion secondary battery according to claim 13, 

wherein a relative value of a concentration of the magnesium is greater than or equal to 

0.4 and less than or equal to 1.5 when the surface of the positive electrode active material 

particle is subjected to an XPS analysis and a concentration of cobalt is defined as 1. 

17. (Previously Presented) The lithium-ion secondary battery according to claim 13, 

wherein the titanium, the magnesium, the fluorine, and the oxygen are provided in a 

range from the surface of the positive electrode active material particle to a depth of 5 nm. 

18. (Previously Presented) The lithium-ion secondary battery according to claim 13, 

wherein the positive electrode further comprises a conductive additive, and 

wherein the conductive additive comprises carbon fiber, graphene or multilayer graphene. 

19. (Cancelled) 
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Claims 1, 3-6, 13, and 15-18 are pending, with claims 1 and 13 being independent. 

Claims 1 and 13 have been amended, and claims 7, 9-12, 19, and 21-25 have been cancelled. No 

new matter has been introduced. 

Interview Summary 

The undersigned thanks Examiner Cullen for courtesies extended in an applicant-initiated 

telephonic interview on January 29, 2021, in which the amendments presented in this paper were 

discussed. It was agreed that these amendments overcome the rejections ofrecord. 

Claim Reiections - 35 USC § 112 

Claims 7, 9-12, 19, and 21-25 were rejected under 35 U.S.C. § l 12(a). Claims 1, 3-7, 9-

13, 15-19, and 21-24 were rejected under 35 U.S.C. § l 12(b). As noted above, claims 7, 9-12, 

19, and 21-25 have been cancelled. Claim 1 has been amended as discussed during the interview 

to recite "wherein a crystal orientation of at least a part of the first region and a crystal 

orientation of at least a part of the second region are substantially aligned with each other." 

Claim 13 has been amended as discussed during the interview to recite: "wherein the second 

region covers at least a first part of the first region" and "wherein a crystal orientation of at least 

a second part of the first region and a crystal orientation of at least a part of the second region are 

substantially aligned with each other." Withdrawal of these rejections is therefore requested. 
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All claims are in condition for allowance. No fees are believed to be due. Please apply 

any necessary charges or credits to Deposit Account 06-1050, referencing the above attorney 

docket number. 

Date: February 10, 2021 

Customer Number 26171 
Fish & Richardson P.C. 
Telephone: +l 512-226-8156 
Facsimile: (877) 769-7945 

41501395.doc 

Respectfully submitted, 

/Heather L. Flanagan/ 

Heather L. Flanagan 
Reg. No. 54,101 
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the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
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9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
16/923,494 
Examiner 
Sean P Cullen, Ph.D. 

Applicant(s) 
OCHIAI etal. 

Art Unit I AIA (FITF) Status 
1725 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the communication(s) 10 February 2021. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1,3-6, 13 and 15-18 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ~All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. ~ Certified copies of the priority documents have been received in Application No. 15/638,449. 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.0 Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ . 

5. ~ Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210212 
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Application/Control Number: 16/923,494 
Art Unit: 1725 

DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Status of Claims 

2. Claim(s) 1, 3-6, 13, and 15-18 is/are pending. 

3. Claim(s) 2, 7-12, 14, and 19-25 is/are canceled. 

Claim Rejections - 35 USC§ 112 

4. Applicants' amendment(s) have overcome the rejection(s) of claim(s) 7, 9-12, 19, 21-25 

under 35 U.S.C. l 12(a) or 35 U.S.C. 112 (pre-AIA), first paragraph. 

5. Applicants' amendment(s) have overcome the rejection(s) of claim(s) 1, 3-7, 9-13, 15-

19, and 21-24 under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second paragraph. 

EXAMINER'S AMENDMENT 

6. An examiner's amendment to the record appears below. Should the changes and/or 

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the 

payment of the issue fee. 

Authorization for this examiner's amendment was given in an interview with Heather L 

Flanagan (Reg. No. 54,101) on 12 February 2021. 
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Application/Control Number: 16/923,494 
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7. The application has been amended as follows: 

IN THE CLAIMS: 

Please cancel claims 21-25. 

Allowable Subject Matter 

8. Claim(s) 1, 3-6, 13, and 15-18 is/are allowed. 

9. The following is an examiner's statement ofreasons for allowance: 

The closest prior art ofrecord is Yura (US 2012/0258358 Al). 

Page 3 

Yura discloses a lithium-ion secondary battery (1) comprising a positive electrode (2), the 

positive electrode (2) comprising a positive electrode active material particle (222) comprising 

lithium cobaltate (see LiCoO2, [0018]), wherein the positive electrode active material particle 

(222) comprising a first region (222a) and a second region (222a, [0061]), wherein the first 

region (222a) comprises a layered rock-salt crystal structure (Fig. 3, [0061]), wherein the second 

region (222a) comprises a rock-salt crystal structure (Fig. 3, [0061]), wherein the second region 

(222a) covers at least a first part of the first region (222a, [0061]), wherein a crystal orientation 

of at least a second part of the first region (222a) and a crystal orientation of at least a part of the 

second region (222a) are substantially aligned with each other (Fig. 3, [0062]). 

Yura does not disclose, teach, or suggest the following distinguishing feature(s): 

A lithium-ion secondary battery comprising a positive electrode, the positive electrode 

comprising a positive active material comprising lithium cobaltate in a first region and titanium, 

magnesium, fluorine, and oxygen in a second region. 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
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Application/Control Number: 16/923,494 
Art Unit: 1725 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Conclusion 

10. Any inquiry concerning this communication or earlier communications from the 

Page 4 

examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251. 

The examiner can normally be reached on Monday to Thursday 6:00 am to 4:00 pm CT, Friday 

6:00 am to 12:00 pm CT. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to 

the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll­

free ). If you would like assistance from a USPTO Customer Service Representative or access to 
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Application/Control Number: 16/923,494 
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Page 5 

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 
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Issue Classification 

CPC 

Symbol 

H01M rI 4 I rnI 
H01M t? 4 1m 
H01M !I 4 I rn 
H01M mt 4 I mt 
H01M rnr 4 1m 
H01M ft 4 1 rnr 
H01M rnr 4 1 rnr 
H01M rnr 4 1m 
H01M t? 4 1m 
H01M rnr 2004 I rn 
H01M mt 2004 I mt 
H01M rnr 10 1m 

CPC Combination Sets 

Symbol 

Application/Control No. 

16/923,494 

Examiner 

Sean P Cullen, Ph.D. 

131 

1315 

1391 

625 

13915 

134 

366 

525 

8657 

021 

028 

0525 

1rn1 1rn1 

NONE 

(Assistant Examiner) 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Page 1 of 3 

Applicant(s)/Patent Under Reexamination 

OCHIAI etal. 

Art Unit 

1725 

Type Version 

F 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

A 2013-01-01 

A 2013-01-01 

A 2013-01-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Date) 10 

12 February 2021 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 3 

Part of Paper No.: 20210212 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H01 M4/131 

H01M4/1315 

H01 M4/1391 

H01M4/62 

H01M4/13915 

H01M4/134 

H01M4/36 

H01M4/525 

H01M4/86 

H01M4/02 

H01M10/0525 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

429 

CROSS REFERENCES(S) 

CLASS 

429 231.5 

NONE 

(Assistant Examiner) 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

16/923,494 

Examiner 

Sean P Cullen, Ph.D. 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

10 

231.3 

Applicant(s)/Patent Under Reexamination 

OCHIAI etal. 

Art Unit 

1725 

131 

1315 

1391 

62 

13915 

134 

36 

525 

86 

02 

0525 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I 231.6 I 231 _95 I I I 

Total Claims Allowed: 

(Date) 10 

12 February 2021 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 3 

Part of Paper No.: 20210212 

Page 2 of 3 
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Issue Classification 
Application/Control No. 

16/923,494 

Examiner 

Sean P Cullen, Ph.D. 

Applicant(s)/Patent Under Reexamination 

OCHIAI etal. 

Art Unit 

1725 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 13 10 4 
2 17 
3 18 

4 15 
5 16 
6 1 
7 5 
8 6 
9 3 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 10 

/Sean P Cullen, Ph.D./ 12 February 2021 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1725 

(Primary Examiner) (Date) 1 3 

U.S. Patent and Trademark Office Part of Paper No.: 20210212 

Page 3 of 3 
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Search Notes 

CPC - Searched* 

Symbol 

Application/Control No. 

16/923,494 

Examiner 

Sean P Cullen, Ph.D. 

H01M4/131, 1315, 1391, 13915, 625, 8657 

Updated CPC search 

Updated CPC search 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

429 231.3, 231.5, 231.6, 231.95 

Updated USPC search 

Updated USPC search 

Applicant(s)/Patent Under Reexamination 

OCHIAI etal. 

Art Unit 

1725 

Date Examiner 

09/14/2020 SPC 

01/05/2021 SPC 

02/12/2021 SPC 

Date Examiner 

Date Examiner 

09/14/2020 SPC 

01/05/2021 SPC 

02/12/2021 SPC 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

U.S. Patent and Trademark Office 
Page 1 of 2 

Part of Paper No.: 20210212 
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Search Notes 
Application/Control No. 

16/923,494 

Examiner 

Sean P Cullen, Ph.D. 

Search Notes 

Search Notes 

H01M4/131, 1315, 1391, 13915, 625, 8657 

429/231.3, 231.5, 231.6, 231.95 

Inventor/applicant search, PALM 

PE2E SEARCH text search, see search history 

Updated inventor/applicant search, PALM 

Updated PE2E SEARCH text search, see search history 

Updated inventor/applicant search, PALM 

Updated PE2E SEARCH text search, see search history 

Interference Search 

US Class/CPC 
US Subclass/CPC Group 

Symbol 

H01M4 131, 1315, 1391, 13915, 625, 8657 

429 231.3, 231.5, 231.6, 231.95 

U.S. Patent and Trademark Office 
Page 2 of 2 

Applicant(s)/Patent Under Reexamination 

OCHIAI etal. 

Art Unit 

1725 

Date Examiner 

09/14/2020 SPC 

09/14/2020 SPC 

09/14/2020 SPC 

09/14/2020 SPC 

01/05/2021 SPC 

01/05/2021 SPC 

02/12/2021 SPC 

02/12/2021 SPC 

Date Examiner 

02/12/2021 SPC 

02/12/2021 SPC 

Part of Paper No.: 20210212 
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PE2E SEARCH - Search History (Prior Art) 

Ref# Hits Search Query DBs 

L203 3196 ((429/231.3,231.5,231.6,2 US-PGPUB; USPAT; 
31.95).ccls. USOCR; FIT (AU, AP, AT, 
(H01 M4/131,1315,1391,1 CA,CH,CN,DD,DE,EA, 
3915,625,8657).cpc.) EP, ES, FR, GB, JP, KR, 
AND (shell coating layer) OA, RU, SU, WO); FPRS; 
WITH (LiTiO.sub.2 LiTiO2 EPO; JPO; DERWENT; 
lithium ADJ (titanate IBM_TDB 
titanium ADJ oxide) 
Li$Ti$O{d1} 
Li$Ti$"O.sub.{d1} 
Li$Ti$O{d2} 
Li$Ti$"O .sub. { d2}) 

L204 1 L203 AND (shell coating US-PGPUB; USPAT; 
layer) WITH Mg$F$ USOCR; FIT (AU, AP, AT, 

CA,CH,CN,DD,DE,EA, 
EP, ES, FR, GB, JP, KR, 
OA, RU, SU, WO); FPRS; 
EPO; JPO; DERWENT; 
IBM_TDB 

L205 3 L203 AND (shell coating US-PGPUB; USPAT; 
layer) WITH magnesium USOCR; FIT (AU, AP, AT, 
near2 fluoride CA,CH,CN,DD,DE,EA, 

EP, ES, FR, GB, JP, KR, 
OA, RU, SU, WO); FPRS; 
EPO; JPO; DERWENT; 
IBM_TDB 

L206 3 L203 AND (shell coating US-PGPUB; USPAT; 
layer) WITH magnesium USOCR; FIT (AU, AP, AT, 
near2 fluoride CA,CH,CN,DD,DE,EA, 

EP, ES, FR, GB, JP, KR, 
OA, RU, SU, WO); FPRS; 
EPO; JPO; DERWENT; 
IBM_TDB 

PE2E SEARCH - Search History (Interference) 

Ref# Hits 

N170 690 

02/12/2021 11 :35:13 AM 
Workspace:16923494 

Search Query DBs 

((429/231.3,231.5,231.6,2 US-PGPUB; USPAT 
31.95).ccls. 
(H01 M4/131,1315,1391,1 
3915,625,8657).cpc.) 

Default Plurals British Time Stamp 
Operator Equivalents 

OR ON ON 2021/02/12 
11 :22 AM 

OR ON ON 2021/02/12 
11 :23 AM 

OR ON ON 2021/02/12 
11 :23 AM 

OR ON ON 2021/02/12 
11 :25 AM 

Default Plurals British Time Stamp 
Operator Equivalents 

OR ON ON 2021/02/12 
11 :23 AM 

Page 1 of 2 
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N171 2370 

N172 1 

02/12/2021 11 :35:13 AM 
Workspace:16923494 

AND (shell coating layer) 
WITH (LiTiO.sub.2 LiTiO2 
lithium ADJ (titanate 
titanium ADJ oxide) 
Li$Ti$O{d1} 
Li$Ti$"O.sub.{d1} 
Li$Ti$O{d2} 
Li$Ti$"O .sub. { d2}) 

L 199 AND (shell coating 
layer) WITH (magnesium 
near2 fluoride Mg$F$) 

N170 AND (shell coating 
layer) WITH (magnesium 
near2 fluoride Mg$F$) 

US-PGPUB; USPAT OR ON ON 2021/02/12 
11 :24 AM 

US-PGPUB; USPAT OR ON ON 2021/02/12 
11 :25 AM 

Page 2 of 2 
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OK TO ENTER: /SPC/ 

02/12/2021 
Attorney Docket No.: 12732-2003004 I Client Ref: US24652/ .. ./26813-C4 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 

Title 

MAIL STOP AF 
Commissioner for Patents 
P.O. Box 1450 

Teruaki OCHIAI 
16/923,494 
July 8, 2020 

Art Unit 
Examiner 
Conf. No. 

1725 
Sean P. Cullen 
3273 

POSITIVE ELECTRODE ACTIVE MATERIAL, METHOD FOR 
MANUFACTURING POSITIVE ELECTRODE ACTIVE 
MATERIAL, AND SECONDARY BATTERY 

Alexandria, VA 22313-1450 

INTERVIEW SUMMARY ANDREPLYTOACTIONOF JANUARY 11, 2021 

Please consider the following reply. 
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To: 
From: 
Cc: 

PA TDOCTC@fr.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 26171 

Feb 22, 2021 03:46:52 AM 

Dear PAIR Customer: 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 26171 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16923494 

Document 
NOA 

Mailroom Date 
02/22/2021 

Attorney Docket No. 
12732-2003004 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Attorney's Docket No.: 12732-2003004 I US24652/ .. ./26813-C4 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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Application No. 
Filed 

Teruaki OCHIAI 
16/923,494 
July 8, 2020 

Art Unit 1725 
Examiner Sean P. Cullen 
Confirmation No. 3273 

Title 
Notice of Allowance Date: February 22, 2021 

POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING 
LITHIUM COBALTATE COATED WITH LITHIUM TITANATE 
AND MAGNESIUM OXIDE 

MAIL STOP ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

REPLY TO NOTICE OF ALLOWANCE 

In response to the Notice of Allowance mailed February 22, 2021, enclosed is a 

completed issue fee transmittal form PTOL 85b. A fee in the amount of $1200 for the issue fee 

is being paid concurrently herewith on the Electronic Filing System (EFS) by way of Deposit 

Account authorization. 

Please apply any other charges or credits to Deposit Account No. 06-1050, referencing 

attorney docket number 12732-2003004. 

Date: March 1, 2021 

Customer Number 26171 
Fish & Richardson P.C. 
Telephone: (202) 783-5070 
Facsimile: (877) 769-7945 

41509947.doc 

Respectfully submitted, 

/John F. Hayden/ 

John F. Hayden 
Reg. No. 37640 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web 
By mail, send to: Mail Stop ISSUE FEE 

Commissioner for Patents 
P.O. Box 1450 

By fax, send to: (571) 273-2885 

Alexandria, Virginia 22314-1450 
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

26171 7590 

FISH & RICHARDSON P.C. 
P.O. BOX 1022 

02/22/2021 

MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

16/923,494 07/08/2020 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
th USPTO . EFS W b b £ . ·1 t (571) 273 2885 th d t b I e via - e or >v acs1m1 e o - , on e ae e ow. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Temaki OCHIAI 12732-2003004 3273 

TITLE OF INVENTION: POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional LARGE $1200 

EXAMINER ART UNIT 

CULLEN, SEAN P. 1725 

I. Change of correspondence address or indication of "Fee 
Address" (37 CFR 1.363). 

[ l 

[ l 

Change of correspondence address ( or Change of 
Correspondence Address form PTO/SB/122) attached. 

"Fee Address" indication (or "Fee Address" Indication 
form PTO/SB/47; Rev 03-09 or more recent) 
attached. Use of a Customer Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $1200 05/24/2021 

CLASS-SUBCLASS 

429-488000 

2. For printing on the patent front page, list 

(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, Fish & Richardson P.C. 

(2) The name of a single firm (having as a member 
a registered attorney or agent) and the names of 2 _____________ _ 
up to 2 registered patent attorneys or agents. If 
no name is listed, no name will be printed. 3 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been 
previously recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 
Semiconductor Energy Laboratory Co., Ltd. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 
Atsugi-shi, Kanagawa-ken, JAPAN 

Please check the appropriate assignee category or categories (will not be printed on the patent): [ ] Individual [X] Coiporation or other private group entity [ ] Government 

4a. Fees Submitted: [X] Issue Fee [ ] Publication Fee (if required) [ ] Advance Order - # of Copies 

4b. Method of Payment (Please first reapply any previously paid fee shown above): 

[X] Electronic Payment via EFS-Web [ ] Enclosed check [ ] Non-electronic payment by credit card (Attach form PTO-2038) 

[X] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment, to Deposit Account No. 06-1050 

5. Change of Entity Status (from status indicated above) 

[ ] Applicant certifying micro entity status. See 37 CFR 1.29 

] Applicant asserting small entity status. See 37 CFR 1.27. 

] Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid Certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee 
payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken as 
a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken as a notification ofloss of entitlement to small or micro entity 
status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _/J_o_hn_F_._H~ay~d_e_n/ ____________ _ Date March 1, 2021 

Typed or printed name _J_o_hn_F_. _H_a~y_d_e_n ____________ _ Registration No. _37_6_4_0 __________ _ 

PTOL-85 Part B (08-18). Approved for use through 1/31/2020 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

41509950.doc 
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Electronic Patent Application Fee Transmittal 

Application Number: 16923494 

Filing Date: 08-Jul-2020 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALT ATE 
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE 

First Named Inventor/Applicant Name: Teruaki OCHIAI 

Filer: John F. Hayden/April Saunders-Fuller 

Attorney Docket Number: 12732-2003004 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

UTILITY APPL ISSUE FEE 1501 1 1200 1200 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 42053917 

Application Number: 16923494 

International Application Number: 

Confirmation Number: 3273 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALT ATE 
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE 

First Named Inventor/Applicant Name: Teruaki OCHIAI 

Customer Number: 26171 

Filer: John F. Hayden/April Saunders-Fuller 

Filer Authorized By: John F. Hayden 

Attorney Docket Number: 12732-2003004 

Receipt Date: 01-MAR-2021 

Filing Date: 08-JUL-2020 

Time Stamp: 15:39:57 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $1200 

RAM confirmation Number E202131F40160665 

Deposit Account 061050 

Authorized User April Saunders-Fuller 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.17 (Patent application and reexamination processing fees) 

37 CFR 1.19 (Document supply fees) 
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37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

56910 

1 Transmittal Letter 12732-2003004-REPL Y.pdf no 1 
18799dae50c9011d432eb190a1b07dbc5fe 

ab9af 

Warnings: 

Information: 

122879 

2 Issue Fee Payment (PTO-85B) 12732-2003004-IF.pdf no 1 
173657f95d52e3d9646b54b411 b2603f1 ea 

c4336 

Warnings: 

Information: 

30782 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
6eb5 bf28efed d009c28a9c203b3 5 8c21 Sbe 

09e4a 

Warnings: 

Information: 

Total Files Size (in bytes) 210571 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/923,494 04/27/2021 

26171 7590 04/07/2021 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10991934 12732-2003004 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

3273 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Teruaki OCHIAI, Atsugi, JAPAN; 
SEMICONDUCTOR ENERGY LABORATORY CO., LTD., ATSUGI-SHI, JAPAN; 
Takahiro KAWAKAMI, Atsugi, JAPAN; 
Mayumi MIKAMI, Atsugi, JAPAN; 
Yohei MOMMA, Isehara, JAPAN; 
Masahiro TAKAHASHI, Atsugi, JAPAN; 
Ayae TSURUTA, Atsugi, JAPAN; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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To: 
From: 
Cc: 

PA TDOCTC@fr.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 26171 

Apr 08, 2021 10:15:28 AM 

Dear PAIR Customer: 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 26171 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16923494 

Document 
ISSUE.NTF 

Mailroom Date 
04/07/2021 

Attorney Docket No. 
12732-2003004 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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Doc code: RCEX PTO/SB/30EFS (07-09) 
Apprnved ror use through 07/3112012. 0MB 0651-0031 

U.S. Parent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the PapeNJOrk Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Doc description: Request for Continued Examination (RCE) 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
t6/923,494 I Filing I ~020-07-08 

Docket Number 
112732-2003004 I Art I r125 Number Date (if applicable) Unit 

First Named 
Teruaki OCHIAI 

Examiner 
jsean P. Cullen Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 

I 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any design application. The Instruction Sheet for this form is located at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s) 
entered, applicant must request non-entry of such amendment(s). 

□ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

0 Other 

[8] Enclosed 

□ Amendment/Reply 

[8] Information Disclosure Statement (IDS) 

□ Affidavit(s)/ Declaration(s) 

[8] Other 
~etition to Withdraw from Issue; QPIDS {Form PTO/SB/09} I 

MISCELLANEOUS 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months 
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

□ Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is r-equir-ed by 37 CFR 1.114 when the RCE is filed. 
rgJ The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 

Deposit Account No e61050 I 
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

X Patent Practitioner Signature 

Applicant Signature 

EFS - Web 2.1.15 
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Doc code: RCEX PTO/SB/30EFS (07-09) 
Apprnved ror use through 07/3112012. 0MB 0651-0031 

U.S. Parent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the PapeNJOrk Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Doc description: Request for Continued Examination (RCE) 

Signature of Registered U.S. Patent Practitioner 

Signature John F. Hayden/ Date (YYYY-MM-DD) fo21-04-09 

Name John F_ Hayden Registration Number 37640 

I 
This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to 
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is 
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time 
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for 
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, 
P.O. Box 1450, Alexandria, VA 22313-1450. 

Jfyou need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 

EFS - Web 2.1.15 
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Privacy Act Statement 

The Privacy Act of 197 4 {P .L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act. please be 
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b )(2); (2) furnishing of the information 
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office 
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information 
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need 
for the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, 
pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may 
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS - Web 2.1.15 
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Doc Code: QPIDS.REQ 
Document Description: Quick Path Information Disclosure Statement 

PTO/SB/09 (09-18) 

CERTIFICATION AND REQUEST FOR CONSIDERATION OF AN INFORMATION DISCLOSURE 
STATEMENT FILED AFTER PAYMENT OF THE ISSUE FEE UNDER THE QPIDS PROGRAM 

Non-Provisional Application Number: 

16/923,494 
Filing Date: 

July 8, 2020 

First Named Inventor: Title of Invention: 
Teruaki OCHIAI POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING 

LITHIUM COBALTATE WITH LITHIUM TITANATE AND 
MAGNESIUM OXIDE 

THE UNDERSIGNED HEREBY CERTIFIES AND REQUESTS THE FOLLOWING FOR THE ABOVE­
IDENTIFIED APPLICATION. 

1. Consideration is requested of the information disclosure statement (IDS) submitted herewith, which is 
being filed after payment of the issue fee. 

2. Check the box next to the appropriate selection: 

IZI Each item of information contained in the IDS was first cited in any communication from a foreign 
patent office in a counterpart foreign application not more than three months prior to the filing of the IDS. 
See 37 CFR 1.97(e)(1). 
OR 

D No item of information contained in the IDS was cited in a communication from a foreign patent office 
in a counterpart foreign application, and, to the knowledge of the person signing the certification after 
making reasonable inquiry, no item of information contained in the IDS was known to any individual 
designated in 37 CFR 1.56(c) more than three months prior to the filing of the IDS. See 37 CFR 
1.97(e)(2). 
OR 

D See attached certification statement in compliance with 37 CFR 1.97(e). 

3. Please charge the IDS fee set forth in 37 CFR 1.17(p) to Deposit Account No. 06-1050. 

4. A Petition to Withdraw from Issue After Payment of the Issue Fee (37 CFR 1.313(c)(2)), including the 
petition fee set forth in 37 CFR 1.17(h), is submitted herewith as a Web-based ePetition. 
WARNING: Do not submit the petition as a follow-on paper via EFS-Web. Submit the petition as a Web­
based ePetition by signing on to EFS-Web as a registered user, selecting the radio button next to 
"Existing application/patent," and then selecting the radio button next to "ePetition (for automatic 
processing and immediate grant, if all petitions requirements are met)." Failure to use the Web-based 
ePetition interface will result in automatic entry of the RCE. 

5. A request for continued examination (RCE) under 37 CFR 1.114 and the RCE fee under 37 CFR 1.17(e) 
are submitted herewith. 

6. The RCE will be treated as a "conditional" RCE. In the event the examiner determines that any item of 
information contained in the IDS necessitates the reopening of prosecution in the application, the 
undersigned understands that (i) the RCE will be processed and treated as an RCE under 37 CFR 1.114 
and therefore (ii) the IDS fee under 37 CFR 1.17(p) will be returned in accordance with 
37 CFR 1.97(b)(4). In the event that no item of information in the IDS necessitates reopening prosecution, 
the undersigned understands that the RCE will not be processed and the RCE fee under 37 CFR 1.17(e) 
will be returned. 

7. This certification and request is being filed as a Web-based ePetition and is not accompanied by an 
amendment to the application. Inclusion of an amendment will result in automatic entry of the RCE. 

Signature /John F. Havden/ Date April 9, 2021 
Practitioner 

Name Registration Number 
(Print/Typed) John F. Hayden (If applicable) 37640 
Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required in accordance with 
37 CFR 1. 33 and 11. 18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one 
signature, see below.* 

IZI *Total of 1 forms are submitted. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

41517925.docx 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : Teruaki OCHIAI Art Unit 1725 
Application No. 
Filed 

16/923,494 Examiner Sean P. Cullen 
July 8, 2020 

Title POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING 
LITHIUM COBALTATE WITH LITHIUM TITANATE AND 
MAGNESIUM OXIDE 

MAIL STOP ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

INFORMATION DISCLOSURE STATEMENT 

Please consider the documents listed on the disclosure form submitted with this 

statement. Copies of the documents are being submitted with this statement to the extent 

required under 37 C.F.R. § l.98(a)(2). This statement is being filed after payment of the issue 

fee under the Quick Path Information Disclosure Statement (QPIDS) Program. 

Certification under 37 C.F.R. § 1.97(e)(l) 

Each item of information in this information disclosure statement was first cited in a 

communication from a foreign patent office in a counterpart foreign application dated February 

26, 2021, which is not more than three months prior to the filing of this information disclosure 

statement. See 37 CFR l.97(e)(l). The communication was an Office Action from the Korea 

Patent Office in counterpart Korean Application No. 2019-7034933. 

A late submission fee in the amount of $260, specified by 3 7 C.F .R. § l. l 7(p) is being 

authorized with this statement. Apply any additional necessary charges or credits to deposit 

account 06-1050, referencing Attorney Docket No. 06-1050. 

Date: April 9, 2021 

Customer Number 26171 
Fish & Richardson P.C. 
Telephone: (202) 783-5070 
Facsimile: (877) 769-7945 

41517922.doc 

Respectfully submitted, 

/John F. Hayden/ 

John F. Hayden 
Reg. No. 37640 
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PTO/SB/08A (07-06) 

Approved for use through 03/31/2007. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it contains a valid 0MB control number 

Substitute for form 1449/PTO Complete if Known 

INFORMATION DISCLOSURE Application Number 16/923,494 

STATEMENT BY APPLICANT 
Filing Date July 8, 2020 
First Named Inventor Teruaki OCHIAI 
Art Unit 1725 

(Use as many sheets as necessary) 
Examiner Name S. CULLEN 

Sheet I 1 I of I 1 Attorney Docket Number 12732-2003004 

U. S. PA TENT DOCUMENTS 

Examiner Cite Document Number Publication Date Name of Patentee or 
Pages, Columns, Lines, Where 

Initials* No. 1 Number-Kind Code2 (ifknownJ MM-DD-YYYY Applicant of Cited Document 
Relevant Passages or Relevant 

Figures Appear 

FOREIGN PA TENT DOCUMENTS 

Examiner 
Initials* 

I Examiner I 
Signature 

Cite 

No. 1 

Foreign Patent Document 

Country Code3 -Number4 -Kind Code5 (if known) 

KR-2015-0062724A 
KR-2014-0125856A 

Publication Date Name of Patentee or 
Pages, Columns, Lines, Where 

MM-DD-YYYY Applicant of Cited Document 
Relevant Passages or Relevant T" 

Figures Appear 

06-08-2015 Full 
10-29-2014 Full 

"EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. 
Include copy of this form with next communication to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents al 
www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of 
the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document 
under WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached. 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, 
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the fonn, ca/11-800-PTO-9199 (1-800-786-9199) and select option 2. 



AMPEREX Ex. 1002 
Page 1391

Espacenet - INPADOC patent family Page 1 of 1 

'' '' 
1. POSITIVE ACTIVE MATERIAL FOR RECHARGEABLE LITHIUM BATTERY, METHOD FOR 
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In Chemical Formula 1, O<x<l and M 1 is a transition metal. 

[Chemical Formula 2] 

yMnOz-(l-yJLiM202 

In Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 
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SPECIFICATION 

Scope of Claims 

[Claim l] 

A cathode active material for a lithium rechargeable battery, comprising: 

a core including a compound represented by the following Chemical Formula l; 

and 

a coating layer positioned on the core and including a compound represented by 

the following Chemical Formula 2: 

[Chemical Formula l] 

xLhMn03-(l-x)LiM102 

wherein, in Chemical Formula 1, O<x<l and M 1 is a transition metal; 

[Chemical Formula 2] 

yMnOz-(l-yJLiM202 

wherein, in Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[Claim 2] 

The cathode active material for a lithium rechargeable battery of claim 1, further 

compnsmg: 

a reduced graphene oxide layer positioned on the coating layer. 

[Claim 3] 

The cathode active material for a lithium rechargeable battery of claim 2, 

wherein 

a thickness of the reduced graphene oxide layer is 1 to 5 nm 

[Claim 4] 

The cathode active material for a lithium rechargeable battery of claim 1, 

wherein 

a Li/M molar ratio of the entire cathode active material including the core and 

the coating layer is 1.05 to 1.6. 

[Claim 5] 

The cathode active material for a lithium rechargeable battery of claim 1, 

wherein 

a thickness of the coating layer is 1 to 13 nm 
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[Claim 6] 

The cathode active material for a lithium rechargeable battery of claim 1, 

wherein 

M 1 of Chemical Formula 1 and M2 of Chemical Formula 2 include Ni, Co, and 

Mn. 

[Claim 7] 

A method of manufacturing a cathode active material for a lithium rechargeable 

battery, comprising: 

preparing a lithium complex oxide and a basic solution; 

activating a surface of the lithium complex oxide by adding the lithium complex 

oxide to the basic solution, and performing mixing and heating; and 

firing the lithium complex oxide with the activated surface. 

[Claim 8] 

The method of claim 7, wherein 

the activating of the surface of the lithium complex oxide by adding the lithium 

complex oxide to the basic solution and performing mixing and heating includes: 

heating the basic solution to 30 to 120 °C; and 

performing agitation after adding the lithium complex oxide to the heated basic 

solution. 

[Claim 9] 

The method of claim 8, wherein 

the performing of agitation after adding the lithium complex oxide to the heated 

basic solution is performed for 1 to 240 hours. 

[Claim 10] 

The method of claim 7, further comprising, 

before the firing of the lithium complex oxide with the activated surface, 

drying the lithium complex oxide with the activated surface. 

[Claim 11] 

The method of claim 10, wherein 

the drying of the lithium complex oxide with the activated surface is performed 

at 80 to 160 °C. 
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[Claim 12] 

The method of claim 10, wherein 

the firing of the lithium complex oxide with the activated surface is performed 

at 150 to 900 °C. 

[Claim 13] 

The method of claim 7, wherein 

the basic solution is a solution having hydrogen ions that are exchanged with 

lithium ions. 

[Claim 14] 

The method of claim 7, wherein 

the basic solution is a hydrazine solution, an ammonia solution, or a combination 

thereof. 

[Claim 15] 

The method of claim 7, wherein 

in the preparing of the lithium complex oxide and the basic solution, 

the lithium complex oxide is a lithium complex oxide in which a graphene oxide 

layer is formed. 

[Claim 16] 

The method of claim 15, wherein 

the lithium complex oxide in which the graphene oxide layer is formed is 

prepared by: 

preparing a solution in which a graphene oxide is dispersed; 

performing agitation after adding the lithium complex oxide to the solution; and 

obtaining the lithium complex oxide in which the reduced graphene oxide layer 

is formed by using the solution where the graphene oxide and the lithium complex oxide 

are agitated by a spray drying method. 

[Claim 17] 

The method of claim 16, 

wherein the cathode active material formed by the manufacturing method 

includes: 
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a core including a compound represented by the following Chemical Formula l; 

a coating layer positioned on the core and including a compound represented by 

the following Chemical Formula 2; and 

the reduced graphene oxide layer positioned on the coating layer: 

[Chemical Formula l] 

xLhMn03-(l-xJLiM102 

wherein, in Chemical Formula 1, O<x<l and M 1 is a transition metal; 

[Chemical Formula 2] 

yMnOz-(l-yJLiM202 

wherein, in Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[Claim 18] 

The method of claim 7, wherein 

the cathode active material formed by the manufacturing method includes: 

a core including a compound represented by the following Chemical Formula l; 

and 

a coating layer positioned on the core and including a compound represented by 

the following Chemical Formula 2: 

[Chemical Formula l] 

xLhMn03-(l-xJLiM102 

wherein, in Chemical Formula 1, O<x<l and M 1 is a transition metal; 

[Chemical Formula 2] 

yMnOz-(l-yJLiM202 

wherein, in Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[Claim 19] 

A lithium rechargeable battery comprising: 

a cathode including the cathode active material for the lithium rechargeable 

battery according to any one of claim 1 to claim 6; 

an anode including an anode active material; and 

an electrolyte. 

Description of the Invention 

Technical Field 

[0001] 

The present invention relates to a cathode active material for a lithium 



AMPEREX Ex. 1002 
Page 1399

rechargeable battery, a method of manufacturing the same, and a lithium rechargeable 

battery including the same. 

Background Art 

[0002] 

With respect to the recent trend of a reduction in size and weight of portable 

electronic devices, demand for an increase in performance and capacity of a battery used 

as a power source for the devices has increased. 

[0003] 

The battery generates electric power by usmg a material which can 

electrochemically react with a cathode and an anode. A representative example of the 

batteries includes a lithium rechargeable battery generating electrical energy by a change 

in chemical potential when lithium ions are subjected to intercalation/deintercalation in 

the cathode and the anode. 

[0004] 

The lithium rechargeable battery is manufactured by using a material where 

reversible intercalation/deintercalation of the lithium ions is feasible as cathode and anode 

active materials, and charging an organic electrolyte solution or a polymer electrolyte 

solution between the cathode and the anode. 

[0005] 

A lithium complex metal compound is used as the cathode active material of the 

lithium rechargeable battery, and complex metal oxides such as LiCoO2, LiMn2O4, 

LiNiO2, LiNi1-xCoxO2 (0<x<l), and LiMnO2 have been researched as an example thereof. 

[0006] 

Among the cathode active materials, a Mn-based cathode active material such as 

LiMn2O4 and LiMnO2 can be easily synthesized and is relatively inexpensive, and has the 

highest thermal stability during over-charging as compared to other active materials, and 

a low degree of pollution to the environment, and thus is attractive, but has a drawback 

in that capacity thereof is small. 

[0007] 

Further, LiNiO2 has a battery characteristic of the highest discharging capacity 

among the aforementioned cathode active materials, but has a drawback in that it is 

difficult to synthesize LiNiO2. Further, a high oxidation state of nickel becomes a cause 

of deterioration of the life-span of both a battery and an electrode, and there are problems 

in that self-discharging is severe and reversibility is poor. Moreover, since stability is 

not completely secured, there is difficulty in commercialization. 

[0008] 
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Currently, LiCoO2 is generalized as an active material having a particle diameter 

of about 10 µm, but does not ensure sufficient energy density. 

Summary of the Invention 

Objects to be Achieved 

[0009] 

The present invention has been made in an effort to provide a cathode active 

material having an improved characteristic. To be more specific, the present invention 

relates to a cathode active material for a lithium rechargeable battery having high initial 

coulombic efficiency and excellent lifespan and output characteristics, a method of 

manufacturing the same, and a lithium rechargeable battery manufactured using the same. 

Means for Achieving the Objects 

[0010] 

An exemplary embodiment of the present invention provides a cathode active 

material for a lithium rechargeable battery, including: a core including a compound 

represented by the following Chemical Formula l; and a coating layer positioned on the 

core and including a compound represented by the following Chemical Formula 2. 

[0011] 

[Chemical Formula l] 

[0012] 

[0013] 

In Chemical Formula 1, O<x<l and M 1 is a transition metal. 

[0014] 

[Chemical Formula 2] 

[0015] 

[0016] 

In Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[0017] 

The cathode active material may further include a reduced graphene oxide layer 

positioned on the coating layer. 

[0018] 

A thickness of the reduced graphene oxide layer may be 1 to 5 nm. 

[0019] 

A Li/M molar ratio of the entire cathode active material including the core and 

the coating layer may be 1.05 to 1.6. 
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[0020] 

A thickness of the coating layer may be 1 to 13 nm. 

[0021] 

M1 of Chemical Formula 1 and M2 of Chemical Formula 2 may include Ni, Co, 

and Mn. 

[0022] 

Another exemplary embodiment of the present invention provides a method of 

manufacturing a cathode active material for a lithium rechargeable battery, including: 

preparing a lithium complex oxide and a basic solution; activating a surface of the lithium 

complex oxide by adding the lithium complex oxide to the basic solution, and performing 

mixing and heating; and firing the lithium complex oxide with the activated surface. 

[0023] 

The activating of the surface of the lithium complex oxide by adding the lithium 

complex oxide to the basic solution and performing mixing and heating may include: 

heating the basic solution to 30 to 120 °C; and performing agitation after adding the 

lithium complex oxide to the heated basic solution. 

[0024] 

The performing of agitation after adding the lithium complex oxide to the heated 

basic solution may take place for 1 to 240 hours. 

[0025] 

The method may further include, before the firing of the lithium complex oxide 

with the activated surface, drying the lithium complex oxide with the activated surface. 

[0026] 

The drying of the lithium complex oxide with the activated surface may be 

performed at 80 to 160 °c. 

[0027] 

The firing of the lithium complex oxide with the activated surface may be 

performed at 150 to 900 °c. 

[0028] 

The basic solution may be a solution having hydrogen ions that are exchanged 

with lithium ions. 

[0029] 

The basic solution may be a hydrazine solution, an ammonia solution, or a 

combination thereof. 

[0030] 

In the preparing of the lithium complex oxide and the basic solution, the lithium 
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complex oxide may be a lithium complex oxide in which a graphene oxide layer is formed. 

[0031] 

The lithium complex oxide in which the graphene oxide layer is formed may be 

prepared by: preparing a solution in which a graphene oxide is dispersed; performing 

agitation after adding the lithium complex oxide to the solution; and obtaining the lithium 

complex oxide in which the reduced graphene oxide layer is formed by using the solution 

where the graphene oxide and the lithium complex oxide are agitated by a spray drying 

method. 

[0032] 

The cathode active material formed by the manufacturing method may include: 

a core including a compound represented by the following Chemical Formula 1; a coating 

layer positioned on the core and including a compound represented by the following 

Chemical Formula 2; and the reduced graphene oxide layer positioned on the coating 

layer. 

[0033] 

[Chemical Formula l] 

[0034] 

[0035] 

In Chemical Formula 1, O<x<l and M1 is a transition metal. 

[0036] 

[Chemical Formula 2] 

[0037] 

[0038] 

In Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[0039] 

The cathode active material formed by the manufacturing method may include: 

a core including a compound represented by the following Chemical Formula l; and a 

coating layer positioned on the core and including a compound represented by the 

following Chemical Formula 2. 

[0040] 

[Chemical Formula l] 

[0041] 

[0042] 



AMPEREX Ex. 1002 
Page 1403

In Chemical Formula 1, O<x<l and M 1 is a transition metal. 

[0043] 

[Chemical Formula 2] 

[0044] 

[0045] 

In Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[0046] 

Yet another exemplary embodiment of the present invention provides a lithium 

rechargeable battery including: a cathode including the cathode active material for the 

lithium rechargeable battery according to the aforementioned exemplary embodiments of 

the present invention; an anode including an anode active material; and an electrolyte. 

Effect of the Invention 

[0047] 

According to the exemplary embodiments of the present invention, it is possible 

to provide a cathode active material for a lithium rechargeable battery having high initial 

coulombic efficiency and excellent life-span and output characteristics, a method of 

manufacturing the same, and a lithium rechargeable battery manufactured using the same. 

Brief Description of the Drawings 

[0048] 

FIG. 1 shows XRD analysis results of Examples 1 and 2 and Comparative 

Example 1. 

FIG. 2 shows SEM photographs of active materials according to the examples 

and the comparative examples. 

FIG. 3 shows TEM photographs of the active material according to Example 1. 

FIG. 4 shows TEM photographs of the active material according to Example 2. 

FIG. 5 is a graph illustrating life-span characteristics of batteries according to 

Example 5 and Comparative Example 2. 

FIG. 6 is a graph illustrating initial efficiency characteristics of batteries 

according to Example 7 and Comparative Example 2. 

FIG. 7 is a graph illustrating output characteristics of batteries according to 

Examples 5, 6, and 7 and Comparative Example 2. 

FIG. 8 is a graph illustrating life-span and operation voltage characteristics of 

batteries according to Example 7 and Comparative Example 2. 

FIG. 9 is a graph illustrating the life-span characteristics according to Example 

7 and Comparative Example 2 after initial charging/discharging at 2.0 to 4.8 V. 
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Mode for Carrying Out the Invention 

[0049] 

Exemplary embodiments of the present invention will hereinafter be described 

in detail. However, the exemplary embodiments are illustrative only, and are not to be 

construed to limit the present invention, and the present invention is just defined by the 

scope of the claims as will be described below. 

[0050] 

An exemplary embodiment of the present invention may provide a cathode 

active material for a lithium rechargeable battery having high initial coulombic efficiency 

and excellent life-span and output characteristics, a method of manufacturing the same, 

and a lithium rechargeable battery manufactured using the same. 

[0051] 

In the cathode active material according to the exemplary embodiment of the 

present invention, a structurally and electrochemically stable coating layer ( or surface 

layer) may be formed on a surface of the active material by chemically activating a 

LhMn03 phase of the surface of the active material by using an aqueous solution (e.g., a 

basic solution) including hydrogen ions, and then performing heat treatment. 

[0052] 

Further, optionally, the cathode active material for the lithium rechargeable 

battery according to the exemplary embodiment of the present invention may further 

include a reduced graphene oxide layer having excellent electrical conductivity as the 

coating layer. 

[0053] 

To be more specific, the exemplary embodiment of the present invention 

provides the cathode active material for the lithium rechargeable battery including a core 

including a compound represented by the following Chemical Formula 1, and a coating 

layer positioned on the core and including a compound represented by the following 

Chemical Formula 2. 

[0054] 

[Chemical Formula l] 

[0055] 

[0056] 

In Chemical Formula 1, O<x<l and M 1 is a transition metal. 

[0057] 

[Chemical Formula 2] 
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[0058] 

[0059] 

In Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[0060] 

A structure of the compound represented by Chemical Formula 2 is a structure 

in which lithium which is generated by a manufacturing method using a basic solution as 

will be described below is eliminated. This structure is structurally and 

electrochemically stable, and may improve the lifespan and output characteristics of the 

battery. A thickness of the coating layer may be 1 to 13 nm, and more specifically 1 to 

10 nm. The life-span and output characteristics may be slightly changed according to a 

thickness range, and an agitation time as will be described below may be controlled 

according to a target thickness. 

[0061] 

Further, the cathode active material may further include a reduced graphene 

oxide layer positioned on the coating layer. A thickness of the reduced graphene oxide 

layer may be 1 to 5 nm. The thickness range can be optionally adjusted according to the 

characteristic of the active material, but is not limited thereto. 

[0062] 

A Li/M molar ratio of the entire cathode active material including the core and 

the coating layer may be 1.05 to 1.6, and more specifically 1.1 to 1.35. This ratio is a 

ratio of elimination of Li as compared to an initially added raw material, and may be 

changed according to the thickness of the coating layer. 

[0063] 

M1 of Chemical Formula 1 and M2 of Chemical Formula 2 may be Ni, Co, and 

Mn. All transition metals already known in the art can be used, so M1 and M2 are not 

limited thereto. 

[0064] 

Another exemplary embodiment of the present invention provides a method of 

manufacturing a cathode active material for a lithium rechargeable battery, including: 

preparing a lithium complex oxide and a basic solution; activating a surface of the lithium 

complex oxide by adding the lithium complex oxide to the basic solution, and performing 

mixing and heating; and firing the lithium complex oxide with the activated surface. 

[0065] 

The activating of the surface of the lithium complex oxide by adding the lithium 

complex oxide to the basic solution and performing mixing and heating may include: 
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heating the basic solution to 30 to 120 °C; and performing agitation after adding the 

lithium complex oxide to the heated basic solution. 

[0066] 

The performing of agitation after adding the lithium complex oxide to the heated 

basic solution may take place for 1 to 240 hours, and more specifically 1 to 20 hours. 

The thickness of the aforementioned coating layer may be controlled according to the 

agitation time. 

[0067] 

The method may further include, before the firing of the lithium complex oxide 

with the activated surface, drying the lithium complex oxide with the activated surface. 

[0068] 

The drying of the lithium complex oxide with the activated surface may be 

performed at 80 to 160 °C. However, the drying is not limited thereto. 

[0069] 

The firing of the lithium complex oxide with the activated surface may be 

performed at 150 to 900 °C, more specifically 180 to 220 °C. However, the firing is not 

limited thereto. 

[0070] 

The basic solution may be a solution having hydrogen ions exchanged with 

lithium ions. 

[0071] 

To be more specific, the basic solution may be a hydrazine solution, an ammonia 

solution, or a combination thereof. However, the basic solution is not limited thereto. 

[0072] 

In the preparing of the lithium complex oxide and the basic solution, the lithium 

complex oxide may be a lithium complex oxide in which a graphene oxide layer is formed. 

[0073] 

The lithium complex oxide in which a graphene oxide layer is formed may be 

prepared by: preparing a solution in which a graphene oxide is dispersed; performing 

agitation after adding the lithium complex oxide to the solution; and obtaining the lithium 

complex oxide in which the graphene oxide layer is formed by using the solution where 

the graphene oxide and the lithium complex oxide are agitated by a spray drying method. 

Since the spray drying method is well known in the art, a detailed description thereof will 

be omitted. 

[0074] 

The cathode active material prepared by the manufacturing method may include 
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the core including the compound represented by the following Chemical Formula l; the 

coating layer positioned on the core and including the compound represented by the 

following Chemical Formula 2; and the reduced graphene oxide layer positioned on the 

coating layer. 

[0075] 

[Chemical Formula l] 

[0076] 

[0077] 

In Chemical Formula 1, O<x<l and M1 is a transition metal. 

[0078] 

[Chemical Formula 2] 

[0079] 

[0080] 

In Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[0081] 

The cathode active material prepared by the manufacturing method may include 

the core including the compound represented by the following Chemical Formula l; and 

the coating layer positioned on the core and including the compound represented by the 

following Chemical Formula 2. 

[0082] 

[Chemical Formula l] 

[0083] 

[0084] 

In Chemical Formula 1, O<x<l and M1 is a transition metal. 

[0085] 

[Chemical Formula 2] 

[0086] 

[0087] 

In Chemical Formula 2, O<y<l, l<z<4, and M2 is a transition metal. 

[0088] 

Since a detailed description of the structure of the cathode active material is the 

same as that of the aforementioned exemplary embodiment of the present invention, the 
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description will be omitted. 

[0089] 

The cathode active material according to the exemplary embodiment of the 

present invention may be effectively used in a cathode of the lithium rechargeable battery. 

The lithium rechargeable battery includes an anode including an anode active material 

and an electrolyte together with the cathode. 

[0090] 

The cathode is manufactured by mixing the cathode active material according to 

the exemplary embodiment of the present invention, a conductive material, a binder, and 

a solvent to manufacture a cathode active material composition, and then directly 

applying and drying the cathode active material composition on an aluminum current 

collector. Alternatively, the cathode can be manufactured by casting the cathode active 

material composition on a separate support, and then laminating a film obtained by 

stripping the cathode active material from the support on an aluminum current collector. 

[0091] 

In this case, carbon black, graphite, or a metal powder is used as the conductive 

material, and a vinylidene fluoride/hexafluoropropylene copolymer, polyvinylidene 

fluoride, polyacrylonitrile, polymethyl methacrylate, polytetrafluoroethylene, and a 

mixture thereof are feasible as the binder. Further, N-methylpyrrolidone, acetone, 

tetrahydrofuran, decane, and the like are used as the solvent. In this case, the cathode 

active material, the conductive material, the binder, and the solvent are used in a content 

at a level typically used in the lithium rechargeable battery. 

[0092] 

Like the cathode, the anode is manufactured by mixing an anode active material, 

a binder, and a solvent to manufacture an anode active material composition, directly 

applying the anode active material composition on a copper current collector or casting 

the anode active material composition on a separate support, and laminating an anode 

active material film stripped from the support on the copper current collector. In this 

case, if necessary, the anode active material composition may further contain a conductive 

material. 

[0093] 

A material where intercalation/deintercalation of lithium is feasible is used as the 

anode active material, and for example, a lithium metal or a lithium alloy, cokes, artificial 

graphite, natural graphite, organic polymer compound combustion bodies, carbon fibers, 

and the like are used. Further, the conductive material, the binder, and the solvent are 

used identically to those of the aforementioned cathode. 
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[0094] 

All separators typically used in the lithium rechargeable battery can be used, and 

for example, polyethylene, polypropylene, polyvinylidene fluoride, or a multilayer of two 

or more layers thereof may be used, and needless to say, a mixed multilayer such as a 

polyethylene/polypropylene two-layered separator, a 

polyethylene/polypropylene/polyethylene three-layered separator, and a 

polypropylene/polyethylene/polypropylene three-layered separator may be used. 

[0095] 

A non-aqueous electrolyte, a known solid electrolyte, or the like can be used as 

the electrolyte charged in the lithium rechargeable battery, and an electrolyte where a 

lithium salt is dissolved is used. 

[0096] 

The solvent of the non-aqueous electrolyte is not particularly limited, but cyclic 

carbonates such as ethylene carbonate, propylene carbonate, butylene carbonate, and 

vinylene carbonate; chained carbonates such as dimethyl carbonate, methylethyl 

carbonate, and diethyl carbonate; esters such as methyl acetate, ethyl acetate, propyl 

acetate, methyl propionate, ethyl propionate, and y-butyrolactone; ethers such as 1,2-

dimethoxyethane, 1,2-diethoxyethane, tetrahydrofuran, 1,2-dioxane, and 2-

methyltetrahydrofuran; nitriles such as acetonitrile; amides such as dimethylformamide; 

and the like may be used. The aforementioned examples may be used either alone or in 

a combination of a plurality of examples. Particularly, a mixed solvent of a cyclic 

carbonate and a chained carbonate may be preferably used. 

[0097] 

Further, a gel-shaped polymer electrolyte where an electrolyte solution is 

impregnated in a polymer electrolyte such as polyethylene oxide and polyacrylonitrile, or 

an inorganic solid electrolyte such as Lil and LhN, is feasible as the electrolyte. 

[0098] 

In this case, one kind selected from the group consisting ofLiPF6, LiBF4, LiSbF6, 

LiAsF6, LiCl04, LiCF3SQ3, Li(CF3S02)2N, LiC4f9SQ3, LiSbF6, LiAl04, LiAlCl4, LiCl, 

and Lil is feasible as the lithium salt. 

[0099] 

Hereinafter, preferred examples and comparative examples of the present 

invention will be described. However, the following examples are only the preferred 

examples of the present invention, and the present invention is not limited thereto. 

[0100] 

Examples 
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[0101] 

Example 1: Manufacturing of Cathode Active Material 

[0102] 

After 40 µg of hydrazine monohydrate was added to 10 mg of deionized water, 

the aqueous solution was heated to 90 °C, and the temperature was maintained. 

[0103] 

Subsequently, after 2 g of 0.4LhMnO3-0.6LiNi113Mn113Co113O2 was added and 

mixed, agitation was performed for 3 hours. 

[0104] 

Drying was then performed at a temperature of 120 °C for 12 hours, and heat 

treatment was performed at a temperature of 200 °C for 3 hours. 

[0105] 

Thereby, the cathode active material for the lithium rechargeable battery was 

manufactured. The composition of the manufactured cathode active material for the 

lithium rechargeable battery was 0.33Li2MnO3-0.6LiNi113Mn113Co113O2. 

[0106] 

Example 2: Manufacturing of Cathode Active Material 

[0107] 

After 40 µg of hydrazine monohydrate was added to 10 mg of deionized water, 

the aqueous solution was heated to 90 °C, and the temperature was maintained. 

[0108] 

Subsequently, after 2 g of 0.4LhMnO3-0.6LiNi113Mn113Co113O2 was added and 

mixed, agitation was performed for 10 hours. 

[0109] 

Drying was then performed at a temperature of 120 °C for 12 hours, and heat 

treatment was performed at a temperature of 200 °C for 3 hours. 

[0110] 

Thereby, the cathode active material for the lithium rechargeable battery was 

manufactured. The composition of the manufactured cathode active material for the 

lithium rechargeable battery was 0. l 8Li2MnO3-0.6LiNi113Mn113Co113O2. 

[0111] 

Example 3: Manufacturing of Cathode Active Material 

[0112] 

200 ml of a 4 mg/ml graphene oxide solution was added to 10 mg of deionized 

water, and then agitated. 

[0113] 
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Subsequently, after 16 g of 0.4LhMnO3-0.6LiNi113Mn113Co113O2 was added and 

mixed, agitation was performed for 1 hour. 

[0114] 

Spraying was then performed into the cylinder at 190 °C by using a spray drier. 

[0115] 

Subsequently, drying was performed at a temperature of 120 °C for 12 hours. 

[0116] 

Thereby, the cathode active material for the lithium rechargeable battery was 

manufactured. The composition of the manufactured cathode active material for the 

lithium rechargeable battery was 0.4Li2MnO3-0.6LiNi113Mn113Co113O2, the surface of 

which was coated with graphene oxide. 

[0117] 

Example 4: Manufacturing of Cathode Active Material for Lithium Rechargeable 

Battery 

[0118] 

After 40 µg of hydrazine monohydrate was added to 10 mg of deionized water, 

the aqueous solution was heated to 90 °C, and the temperature was maintained. 

[0119] 

Subsequently, after 2 g of 0.4Li2MnO3-0.6LiNi113Mn113Co113O2 that was the 

resulting material of Example 3, the surface of which was coated with graphene oxide, 

was added and mixed, agitation was performed for 3 hours. 

[0120] 

Drying was then performed at a temperature of 120 °C for 12 hours, and heat 

treatment was performed at a temperature of 200 °C for 3 hours. 

[0121] 

Thereby, the cathode active material for the lithium rechargeable battery was 

manufactured. The composition of the manufactured cathode active material for the 

lithium rechargeable battery was 0.33Li2MnO3-0.6LiNi113Mn113Co113O2, the surface of 

which was coated with reduced graphene oxide. 

[0122] 

[0123] 

Example 5: Manufacturing of Lithium Rechargeable Battery 

[0124] 

The cathode active material for the lithium rechargeable battery manufactured in 

Example 1, Super-Pas a conductive material, and polyvinylidene fluoride (PVdF) as a 

binder were mixed at the weight ratio of 8: 1: 1 to manufacture a slurry. The slurry was 
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uniformly applied on an aluminum foil having a thickness of 15 µm, and vacuum-dried 

at a temperature of 120 °C to manufacture a cathode. 

[0125] 

A half cell was manufactured by using the manufactured cathode and a lithium 

foil as the counter electrode, and using the liquid electrolyte solution in which LiPF6 was 

dissolved in a concentration of 1.0 Min the solvent where porous polyethylene carbonate, 

ethylmethyl carbonate, and dimethyl carbonate were mixed at a volume ratio of 3:4:3, 

according to the typically known manufacturing process. 

[0126] 

Example 6: Manufacturing of Lithium Rechargeable Battery 

[0127] 

The same procedure as Example 5 was performed to manufacture a coin half cell, 

except that the cathode active material for the lithium rechargeable battery manufactured 

in Example 2 was used. 

[0128] 

Example 7: Manufacturing of Lithium Rechargeable Battery 

[0129] 

The same procedure as Example 5 was performed to manufacture a coin half cell, 

except that the cathode active material for the lithium rechargeable battery manufactured 

in Example 4 was used. 

[0130] 

Comparative Example 1: Cathode Active Material for Lithium Rechargeable 

Battery 

[0131] 

The compound represented by 0.4Li2MnO3-0.6LiNi113Mn113Co113O2 was used as 

the cathode active material for the lithium rechargeable battery. 

[0132] 

Comparative Example 2: Manufacturing of Lithium Rechargeable Battery 

[0133] 

The same procedure as Example 5 was performed to manufacture a coin half cell, 

except that the cathode active material for the lithium rechargeable battery of 

Comparative Example 1 was used. 

[0134] 

Experimental Example 

[0135] 

Experimental Example 1: IPC Analysis 
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[0136] 

The following Table 1 shows component analysis results of Example 1 and 

Comparative Example 1. 

[0137] 

Table I 

LIM ratio 
Li Mn Co Ni 

(molar ratio) 

Comparative Example 1 7.01 3.01 0.98 1.00 1.41 

Example 1 6.46 2.99 0.98 1.00 1.3 

[0138] 

As a result of the analysis, it can be confirmed that the Li/M ratio is changed by 

hydrazine treatment of Example 1. This is judged to be caused by chemical elimination 

of Li. 

[0139] 

Experimental Example 2: XRD Analysis 

[0140] 

FIG. 1 shows XRD analysis results of Examples 1 and 2 and Comparative 

Example 1. 

[0141] 

It can be seen that an XRD peak is formed around 19° according to an increase 

in hydrazine treatment time. Accordingly, it can be seen that Li+ /H+ ions are exchanged. 

[0142] 

Experimental Example 3: SEM analysis 

[0143] 

FIG. 2 shows SEM photographs of the active materials according to the 

examples and the comparative examples. After the cathode active materials for the 

lithium rechargeable batteries of Example 1 and Comparative Example 1 were sampled 

on a carbon tape, platinum (Pt) plasma coating was performed to take SEM photographs. 

To be more specific, a description of each picture in FIG. 2 is as follows. 

[0144] 

a. Conceptual diagram of the cathode active material, the surface of which is 

coated by a general sol-gel method 

[0145] 

b. Conceptual diagram of the cathode active material according to Example 4 

[0146] 
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c. 0.4LiMnO3-0.6LiNi113Mn113Co113O2 bare material used 

[0147] 

d. 0.4LiMnO3-0.6LiNi113Mn113Co113O2, the surface of which is coated with 

graphene oxide formed by Example 3 

[0148] 

e. Active material according to Example 4 

[0149] 

f Active material according to Example 3 

[0150] 

It can be confirmed that surface treatment and graphene oxide treatment 

according to the examples of the present invention are uniformly performed well. 

[0151] 

Experimental Example 4: TEM Analysis 

[0152] 

FIG. 3 shows TEM photographs of the active material according to Example 1. 

It can be confirmed that a 2 to 3 nm coating layer is formed on the surface. 

[0153] 

FIG. 4 shows TEM photographs of the active material according to Example 2. 

It can be confirmed that the coating layer of around 13 nm is formed on the surface. That 

is, it can be seen that the thickness of the coating layer can be adjusted according to the 

treatment time. 

[0154] 

Experimental Example 5: Battery Characteristic Data 

[0155] 

FIG. 5 is a graph illustrating life-span characteristics of the batteries according 

to Example 5 and Comparative Example 2. In FIG. 5, the number of the used active 

material was used for identification. More specifically, the life-span characteristic was 

measured at 2.0 to 4.6 V after the first cycle at room temperature/2.0 to 4.7 V (1 C-rate). 

[0156] 

It can be seen that the life-span characteristic of the coin-cell using the active 

material according to Example 1 is better. 

[0157] 

FIG. 6 is a graph illustrating initial efficiency characteristics of the batteries 

according to Example 7 and Comparative Example 2. 

[0158] 

It can be seen that the coin-cell using the active material according to Example 
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4 has high initial efficiency. 

[0159] 

FIG. 7 is a graph illustrating output characteristics of the batteries according to 

Examples 5, 6, and 7 and Comparative Example 2. 

[0160] 

It can be seen that the coin-cells using the active materials of Examples 1 and 4 

have the better output characteristic as compared to the coin-cell using Comparative 

Example 1, but in the case of Example 2, the output characteristic is inferior to that of 

Comparative Example 1. That is, it can be seen that the output characteristic of the 

battery is partially affected by the thickness of the coating layer according to the hydrazine 

treatment time. 

[0161] 

FIG. 8 is a graph illustrating the life-span and operation voltage characteristics 

of the batteries according to Example 7 and Comparative Example 2. 

[0162] 

It can be seen that even though Example 7 and Comparative Example 2 have the 

similar life-span characteristics, in the case of Example 7, an operation voltage reduction 

is small. 

[0163] 

FIG. 9 is a graph illustrating the life-span characteristics according to Example 

7 and Comparative Example 2 after initial charging/discharging at 2.0 to 4.8 V. 

[0164] 

It can be seen that the coin-cell according to Example 7 has the improved life­

span characteristic as compared to the coin-cell according to Comparative Example 2. 

[0165] 

The prevent invention is not limited to the above Examples, but may be 

manufactured in a variety of different modes, and it will be appreciated by those skilled 

in the art that the prevent invention can be implemented in different specific modes 

without changing the technical idea or essential features of the prevent invention. 

Therefore, the aforementioned embodiments should be understood to be exemplary but 

not limiting in any way. 

[FIG. l] 
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~ 

[FIG. 2] 

4Q 

Comparative Example 1 

Example 1 

Example 2 before heat treatment 

Example 2 after heat treatment 
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[FIG. 4] 
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[FIG. 5] 
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[FIG. 7] 
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·-bto 7 ~-wn f-:1 ~llifi ~lf'.lv"E"fz 
%~{@:{Y ~-l,f %rc' B,{@:~Y-W lo"fn1f [L'.i'y 'llofLlo '.[lifi ~lf'.[Y~YY %~{@:{Y ~-l,f %rc' B,{@:~Y-W lo"fn1f [L'.i'y 

"-bfo 7 
l@.[,,_7 -to% {}lv ot6 klri 1 ·~:litfi ~-1-"'-Thr:r: -:I>:- Fo½ %~{?:-!v ~-l,f %b:1 lL'.i<y lloko% ~vlL'.fo B:!'t-lL'. lL'.i<y 

%rc' [L'.i'y lloko% ~y[L'.fo B:!'t-lL'. [L'.i'y 1ft '.[lifi ~-1-"'-l't-lL'. 2a061 [:,:[r,. OS %ko% ~y[L'.fo [L'.i'y -~'.llifi ~lf'.[y 
{@:~Y-W %tn1f lo~{?:{Y ~-l,f %rc' [L'.i'y r,-l-"'-!'t-lL'. 1ft -~~ 'Fo½ %~{@:{Y ~-l,f %rc' [L'.i'y lloko% ~y[L'.fo [L'.i'y 

. -bl@-& [fz: 

%rk.f'" "E[fz: lor-z~-w ~fo %k1L-l,,lo %rc' ~-1-"'--wn ~'.llifi ~lf'.[Y~yy %~{@:{Y ~-l,f %rc' B,{@:~Y-W lo"fn1f 
[L'.i'y 1ft '.[lifi ~lf'.[y-[@:~Y-W %tn1f lo~{?:{Y ~-l,f %rc' [L'.i'y r,-l-"'-!'t-lL'. 1ft -~~ 'Fo½ %~{@:{Y ~-l,f %rc' [L'. 

[q,ool 

lHOO] 

lsvool 

l<::vool 

f rtooJ 

flltOOJ 

fsrnoJ 

fsrnoJ 

[1.rool 

[;:rool 

lvrnol 

lsrnol 

fz:rnoJ 

f rrnoJ 

fornoJ 

l6WO] 

[87.:001 

f /.c".OOJ 

lnool 

lvwol 
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[0046] 

[00471 

[00481 

[0049J 

[0050] 

[0051] 

[0052] 

[0053] 

[0054J 

f0055J 

[OO.'i6] 

[OOY!] 

[0058] 

~ JH ~ 01 10-2015-0062724 

~.g. ~7] ~%.l!_%J!} ~7711, 'T'-'11 ~Aac] 4-'T'"il}.Jl, ½~ ~Aac] 4-'T'~ cl~ c]:'<}~7:]-§- 0J~ ~{Hl, c]91 A1] 

:=E"J'icl rQ cm c]-§-"il}oj A7]:'EB cl~ c]:'<}~7:]~ A1]-t"~ 'T 5:}tj-, 

.5:. 3.g_ {l_Ajc,j] loJ] u:J-"E- ~%~91 TEM A}~c]tj-, 

.5:. 4.g_ {)_,-] 6l] 2oJ] u:J-"E- ~%~91 TEM A}~ c] tj-, 

c]"il}, ~ W'!l91 T~ojm "'J,11]"il] ~'!J"il}7]~ ~tj-, i::J-'i!-, c]~ oj]A]~Aj A7]A15'1~ ~-2..~, c]oJ] 91"0~ ~ W'!l 

c] A1]~5']7:]~ 't§-2._uj ~ W'!J_g. 3t-~~ 71JT'/3.<?191 '/32r°oJ] 91"0~ :CZa91~ ~c]tj-, 

~ W'!l91 ~ T~oj]oJ]Aj~, ~.g. ~7] ~%.l!_%J!} ~7711, 'T''!l~Aac] 4-'T'"il}jl, ½~ ~Aac] 4-'T'~ cl~ c]:'<} 

~7:]-§- 0J~ ~%~, c]91 A7]:'E"J'icl rQ cm c]-§-"il}oj A7]:'EB cl~ c]:'<} ~;z]~ A1]-t"~ 'T 5:}tj-, 

~ W'!l91 ~ T~oj]oJ] u:J-"E- 0J~ ~%~.g. "r:±. c]-2:-% .±.~"il}~ 'T'%<>Jl(ojm ¥ 0 -1, 'i37]"a %'"1)% c]-§-"il}oj 

~%~ R~91 Li2Mno3 "'J-% :§:j-~<\j-2..~ ~"a:§:j- ,_1z1 + ~:'<M"il}oj ~%~ R~oJl 7'-:=E<\j, rQ ~7m~<\j 'd-:CZa 

S':.~, /;'1_~<\j-2..~, ~ W'!l91 ~ T~oj]oJ] u:J-"E- cl~ c]:'<}~7:]-§- 0J~ ~%~.g. ~7] ~.5:.Aac] 4-Arn ~'ldB 

~:§:j- -=ii:'}'{1[%% .311'1J%-2..~ i::-j .±.~~ 'T 5:}tj-, 

_l;l_tj- T"1]<\j-2..~, ~ W'!l91 ~ T~ ojloJ]A7~, "il}7] :§:j-~~ 1~ _lf,-]5'1~ :§:j-~%% .±.~"il}~ .3Ic-j; rQ "'J-7] .31 

c-j ,,>,Joj] .<?1:'<]"il}uj, "il}7] :§:j-~~ 2~ _lf,-]5'1~ :§:j-~%% .±_~"il}~ .3_1_1'1J%;% .±_~"il}~ cl~ C]7}~7:]-§- OJ~~ 
%~% A1]-t"~9-, 

[:§:j-~~ 2] 

- 9 -
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[00.'i'i] 

[0060] 

[0061] 

[0062] 

[0063J 

[0064J 

f0065J 

[0066] 

[006/J 

[0068J 

[0069J 

[00701 

[0071] 

[0072] 

f00)3J 

[0074] 

~ JH ~01 10-2015-0062724 

"'J7] :§:j-~~ 2~ JIA15'1~ :§:j-~%91 7'-:=E~ +~ii}~ 'i37hl %'"1% c]-§-~ A7]:'E "HJoll 91"oR A~Aa5'1~ 211rc] 

~21-'8 7'-:=Ec]i::J-. c].:ci~ 7'-:=E~ 7'-:=E:o\j. rQ ~7m~:o\j-2..~ 'd-:cza~ 7'-:=E~ ~;z]91 'T'-'11 .ePa. ½~ .ePa% 1R 
/;1_A]~ 'T 5:Ji::J-. "'J7] .3I"il%91 -'r-~l~ 1 '117:] 13run~ 'T 5:}-2..uj. _l;l_tj- 7'-;,1]:o\j-2..~ 1 '117:] lOrun~ 'T 5:Ji::J-. -'r­

~l c§.<?loJl u:}i:'} 'T''!J .epiJJ!j- ½~ .epj c] tj-:±. ~:§:j-~ 'T 5:}-2..uj. ~:o\jii}~ -'r-~loJl u:}i:'} +~ii}~ ii1.1ti- A]zj_-% 

A1l Ci ~ 'T 5:} tj- . 

S1:.~. "'J7] .3I"il% "'JoJl .<?1:;s]ii}~ ~'tl_-'8_ ~:§:j- -=ii:'}'{](reduced graphene oxide)%% i::7 .±.~~ 'T 5:Ji::J-. "'J7] 

~'ld-'8 ~:§:j- -=ii:'}'{1[%91 -'¥-~l~ 1 1-11;,zl 5run~ 'T' 5:Ji::J-. "'J7l -'¥-~l c§.<?1~ ~%~91 .epiJoJl u:J-21- /;i~:o\j-2..~ :=E 

~ 7}"o'-ii}uj c]oJl A7]~5'1~ ~.g. o}ytj-_ 

"'J7] .31Ci rQ .31'1J%% .±.~ii}~ ~;,1] 0J~ ~%~ 1-11 Li/M %ll]%.g. 1.05 '117:] 1.6~ 'T 5:}-2..uj. _l;l_tj- T"1]:o\j 

-2..~ 1.1 '117:] l.35~ 'T 5:Ji::J-. c]~ 3']~ -'f-~5']~ 'tl_A~1i._lil_tj- Lie] ~21-'8 ll]%c]uj . .31'1J%91 -'r-~loJl u:}i:'} 

~:§:j-~ 'T 5:} tj-. 

"'J7] :§:j-~~ 191 M
1 

rQ :§:j-~~ 291 M
2

~ Ni. Co. rQ Mn%.±.~~ 'T 5:Ji::J-. c]u] 1;}'1:J;,j]oJ] ~"i~ ~c]~4;-c]~ 

-2.-'\'- A}% 7}"o'-ii}uj. c]oJl A1]~5'1~ ~.g. o}ytj-_ 

~ w'!l 21 i::J-"E ~ T~ 6ll oJl Ai~. 211r -Jil-~ ~:§:j-%. rQ 'i3 71 Aa %'"1% tr'lll ii}~ t!-71L "'J7l 'i3 71 Aa %'"1 oJl "'J 

7] 211f -Jil-~ ~:§:j-%% 4'-~ • ~~. rQ 7}~ii}~ "'J7] 211f -Jil-~ ~:§:j-%91 JI~% ~Aj:§:j-A]7]~ t!l1]; rQ "'J7] 

JI~c] ~Aa:§:j-B 21l'r -Jil-~ ~:§:j-%% :±_AaA]7]~ B-71];~ .±.~ii}~ 21l'r c]:;s}~7:]-§- 0J~ ~%~91 A7]:'E "Hl% 

A1]-t"~9-. 

"'J7l 'i37lAa %'"1oJl "'J7l 211r -Jil-~ ~:§:j-%% -'f-~. ~~- rQ 7}~iit~ "'J7l 211r -Jil-~ ~:§:j-%91 JI~% ~Aa:§:j­

A171~ t!-71L~. "'J7l 'i37lAa %'"1% 30 1-117:1 120°c~ 7}~iit~ t!-71L rQ "'J7l 7r~B 'i37lAa %'"1oJl "'J7l 211r 

"'J7l 7r~B 'i37lAa %'"1oJl "'J7l 211r -Jil-~ ~:§:j-%% -'f-~ + :nr1ti-iit~ t!-71L~. 1 1-117:1 240A1zj_- %'d- 'T'- 15]~ 

'T 5:}-2..uj. _l;l_tj- T"1]:o\j-2..~ 1 '117:] 20 A]zj_- %'d- 'T'- 15]~ 'T 5:Ji::J-. "'J7] ii1.1ti- A]zj_-oJ] u:j-i:'} ~~~ .31'1J%91 T 
~rn Ail Ci ~ 'T s:J i::J-. 

"'J7] JI~c] ~Aa:§:j-B 21l'r -Jil-~ ~:§:j-%% :±_AaA]7]~ B-71]; c]~oJl. "'J7] JI~c] ~Aa:§:j-B 21l'r -Jil-~ ~:§:j-%% 

~:'EA]7]~ t!l1rn L7 ±~~ 'T 5:}tj-. 

"'J7] JI~c] ~Aa:§:j-B 21l'r -Jil-~ ~:§:j-%% ~:'EA]7]~ B-711~. 80 '117:] 160°CoJ]A7 'T'- 15]~ 'T 5:Ji::J-. i::J-'il-. c]oJl 

A1rn5'1 ~ ~_g. o}y tj-. 

"'J7] JI~c] ~Aa:§:j-B 21l'r -Jil-~ ~:§:j-%% :±_AaA]7]~ B-71];~. 150 '117:] 900°CoJ]A7 'T'- 15]~ 'T 5:}-2..uj. _l;l_tj- T 

;,j]:o\j-2..~ 180 '117:] 220°CoJ]A7 'T'- 15]~ 'T 5:Ji::J-. i::J-'i!-. c]oJl A7]~5'1~ ~.g. 0 }ytj-_ 

_l;l_tj- T"1]:o\j-2..~. "'J7] 'i37]Aa -§-<>Jj.g. ii}c]_c=_i:'}~ %'"1. 'i]-_2.yo} %'"1. _(E~ c]¥91 :'E~~ 'T 5:Ji::J-. i::J-'il-. c] 

oJl A7]~5'1~ ~.g. 0 }Yi::J-. 

"'J7] 211r -Jil-~ ~:§:j-%. rQ 'i3 7] Aa %'"1% tr' ll] ii}~ B-71]; oJl Ai. "'J7] 211r -Jil-~ ~:§:j-%.g. ~:§:j- -=ii:'}'{1[%c] ~ Aa 

B 21l'r -Jil-~ ~:§:j-%~ 'T' 5:Ji::J-. 

"'J7] ~:§:j- -=ii:'}'{1[%c] ~Aa-'8 21l'r -Jil-~ ~:§:j-%.g._ ~:§:j- -=ii:'}'{]c] ¾~B %'"1% tr'll]ii}~ B-71]; "'J7] %'"1oJl 

"'J7] 21l'r -Jil-~ ~:§:j-%% 4'-~ + ii1.1ti-ii}~ B-71]; rQ "'J7] ~:§:j- -=ii:'}'{] rQ 21l'r -Jil-~ ~:§:j-%c] ii1.1ti--'8_ %'"1% 

¾1¥- ~:=E'icl% c]-§-ii}~ ~:§:j- -=ii:'}'{1[%c] ~Aa-'8 21l'r -Jil-~ ~:§:j-%% 'T'~ii}~ B-71];~ ~"oR tr'll]~ 'T' 5:Ji::J-. 

c] "1 ~ ¾1¥- ~:'E '1cl .g. 1;}'1:J 71] oJ] ~ ~"i Ai 5:}7] oJ] T"7] :o\j ';'l ~ '1l .g. "~ Efi,}.'i:.~ ~tj-. 

"'J7] A7]:'E "J'icloJl 91~ 0J~ ~%~.g.. ii}7] :§:j-~~ 1~ JIA15'1~ :§:j-~%% .±.~ii}~ .31Ci; rQ "'J7] .31Ci "'JoJl 

.<?1:;s]ii}uj. ii}7] :§:j-~~ 2~ JIA15'1~ :§:j-~%% .±.~ii}~ .31'1J%;% .±.~ii}jl. "'J7] .31'1J% "'JoJl .<?1:;s]ii}~ ~'tl_ 

B ~:§:j- -=ii:'}'{](reduced graphene oxide)%% i::7 .±.~ii}~ 7'-:=E~ 'T 5:Ji::J-. 

- 10 -
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ID'Thllob:1%- '81-ofo 7 l@.%{Y lo1'n~-b loB,,lo ~z lo~lo ~::Ji =ilo-b:10½% W'ib:'Fi-lflrc'it '1f21tt2nb:'%- 'ID> 
Thllob:1%- 2lvro '81{-"'-~{L'.%{Y -b ~"E tnMo/'L: ~b',%{Y 20R'.i'y% kllol:z:1L {,,lo %rc' ~t::tlolfilrrlk lL'.i'y 

"-bB,%{Y lfi{-"'-fo% -l_o~r;,: lo~fo t@-~fL ~~n% 1ft lfz:~jz '~Y 

W"i' {@::Ji "-bl@%{Y %% -kH1Y y-B,t 'lf~Yto ~~{?: {z·i'fI, lL'.* 'to* toR::' 'to* "ER, '::;;FE ·_g~ %rc' 
tiloT-,§- %rc' 'lb°R'lv 'Kb',%{Y {ne~Y ~fo 7 ~Molfi./H::tTob/Molfi./H::tTo %%rc' ~2f-2~-w ~% lL'.i'y 

"-bl@ 3'lL'.{-"'-* 
-W i>'t:1 ~~YfL-=5' ~llo~r;,: l@cfltt ~llo~~Y°E f-2~-W ~% l\nlo "-bl@"Elfz: r,{-"'-Mol~,lr:1{2 llolf~1LB:- rc'-t:: % 
~Uc f-2~-w ~% UlYrc'ifl t::t-k2lfdzl:,: lo K{-"'-&Y'~f lloi'y lf~[:,:[:,: lo-=5'i'l't tik{-"'-ek"E r,dz llolf~1LB:- b:1-t:: ~ 
lo '81{-"'-"ElfY %~~y'£ f-2~-W -=:i~~o r,{-"'-~~ ~~n% 1ft lfz:~jz 'r-z~-w ~% 2l:,:{L'.-&{n -1,r~fo -i5-~% lL'.i'y 

"-b 
B:%{Y 20~7 ~{-"'-%{Y 20R'.i'y% kllol:z:fL {,,lo %rc' -i5-&-w lo~n% 1ft lfz:~jz -~YfL-=5' 'r-z~-w ~fo l\nlo 
"-bl@%{Y %% -Ulf:1 '-F,',½2=ilo{-"'--b:'eilf1 '~Ho ·~t,:,~[n:Thlln-N ~~n% {@::Ji "-b{-"'-~{L'. lo~~~ r 1ft 

ID> Th llo20 ½%ti eilf1 b:1%- 'ei lo lfi Tu Eti- ltu Th ltu b:1%- 'Tu ei b2Tu E{o b:1%- '=i lo-b:'o ½%&it,:, Fi-lfl b:1%- 'fn b:1%- "IE 

ID>l'tt2n20½%{Y~/=ilo-b:10½%&ib:'Fi-lfl ~lfz:~jz '81{-"'-%{Y %.fo-i'r T_g 'to* 'ffi"'¾ iH£ ~~YfL-=5' llnlo 

"-b{-"'-~{L'. {L'.°ElfY r, 
{"-Mo l~, lr:1-b:1 llo1<y lf~1L B:- -!::t lr:1-½fo %~l'tt -i5-R> r,{-"'-b:'w t::t-k2lfdzl:z: lo '%-b l@ & ::;; ~" llo1<y lf~ l:z:l:z: lo-=5'i'l't 
¾¾~YT lz¾-W ~=t°o lLi<v ~=ti ·t-i~Tlk ~-t~TbZ ~ rk~ r)'.'.'tz lloi<v lb~1Lfz ~ln½fo 1 %-b ~Tlk ¾¾ 
~Y°E f-2~-w ~fo r,{-"'-~~ ~~n% 1ft lfz:~jz -~YfL-=5' 't,rr-z~-w ~fo ~{:n lloll<:>1¥-t:: ro lo~~ i} -i5-~fo lL'.i'y 

. -b {@ ~ 3' {-"'-cr,e fy 

-i5-~R' r llo~lln lL'.{-"'-ro% -lolvl¥-t:: ro lo~~ ii- l@~1L -i5-~R' ToR:lf~-t:: l@lb llo"E-t:: lor-z~-w ~fo l@t2lo 

[Z b{2. {?: l 

[1 ty{2.{?:] 

·-bto 7 ro"E-t:: ~{-"'--wn %'.~fk"E ~{-"'--wn %~~{?: ~b'ilY1I 2Z b{2.{?: lL'.{-"'- '81-M"~ 
lloi'y to"E lL'.i'y 1ft '.to"E ~{-"'--wn %~~{?: ~b'ilY1I 21 ty{2.{?: lL'.{-"'- '-i5-r-z~-w ~fo l@lo llofk.f'" "ElfY lL'.i'y 

[Z ty{2.{?:] 

[1 ty{2.{?:] 

ls6ool 

l<::6001 

f [600] 

f0600] 

f6800] 

lssool 

[L.800] 

l98ool 

ls-sool 

lvsool 

frnooJ 

f rsooJ 

fll800J 

l61.ool 

[8UJOJ 

l9LO0] 

ls-rnol 
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[0095] 

[0097] 

[0098] 

f0099J 

[0100] 

[OJOll 

f01G2J 

f0Jll3J 

f01G4J 

[OHJ:'i] 

[0106] 

[OJ ll/ J 

[Olll8J 

f01G9J 

[Ol HJ] 

[OH l] 

[OJ Lcj 

~ JH ~ 01 10-2015-0062724 

/¾clE:~'\':l_ ,ill 2% All~ 1011 cl Fi, ¾cl oJl ~ iill/¾clE:~'\':l_ iill/¾21 oJl ~ ,ill 3% All~ 1011 cl Fi, ¾clE:~'\':l_ iill/¾21 oJl ~ ,ill 

/¾clE:~'\':l_,ill 3% A1l~101lclFi %J!J- 7.£.g. ~~ i::J-¾"J-cl A}%~ "r 5:}%.g. %~cli::J-. 

"'J7l cll'r cl~} ~;zloJl ¾~5'1~ ~"cl¥~~ lll"r"'a ~°OB~ S':.~ -t'-7:l-'8_ jl;,11 ~°OB~ %Cl A}% 7}'\5-ii}uj. cll'r 

'i3Cl -§-"om ~% A}-§-~tj-. 

"'J7l lll"r"'a ~°OB~91 -§-uB~ ~i!l_iil ~:CZa5']~ ~.g. o}J.-17:l's'l-. oJl~iill5'}_t;l_Ljlcl~. _1I_~'\':l_,ill5'}_t;l__L-jlcl~. -¥-~iill 

5'} _t;l__L-jl cl~. lll ~ ,ill5'} _t;l__ Lil cl~ %91 ~PJ 5'} _t;l__L-jl cl~; 9 u1l ~5'} _t;l__L-j] cl~. u1l ~ oJ] ~5'} _t;l__L-j] cl~. 9 oJ] ~5'} _t;l__L-j] cl 

~ %91 sJl"'J 5'}_t;l__L-j]cl~; oH]~~u1l~. oH]~~oJl~. oH]~~-1':~'\':l_. E:~:rr]--2:-~u1l~. E:~:rr]--2:-~oJl~. 11-

-¥-Fl ~sq-~ %91 oJl c'::F1l--'='--fi-; 1. 2-9 u1l~"'l oJl 18:. 1. 2-9 oJl ~Al oJl 18:. F1l~ i:'M--'=-~-"f-,:,1_-. 1. 2-9-2,~. 2-u1l ~ F1l~ 

i:'M--'=-~-"f-,:,1_- %91 oJ]F1l--'='--fi-; oH]_s'_y~~ %91 y~~fi-; 9D1]~±¾o}ul__c=__ %91 o}ul__c=__fi- %% A}%~ "r 5:} 

i::J-. c]¥% B-'ei-S':.~ -Jil-"r7B :=E~i,}c,j A}%~ "r 5:Jtj-. ~ii]. ~PJ 5'}_t;l__L-j]cl~-'4 sJl"'J 5'}_t;l__L-j]cl~-'491 ~~ % 

urn- llH)-Zjii}71l A}%~ "r 5:}tj-. 

S':.~ ~°OB~~AL ¾c1oJl~iill-2i-"'l--'=-. ¾21°}3-~~y~~ %91 ~~;,11 ~"oB~oJl ~°OM% ~Hrn ;,in ~~;,11 

~°OB~c]L-j-. Lil. Li 3N %91 1¥-71 jl;,11 ~°OB~cl 7}'\5-ii}i::}. 

cl n:J1 cll'r'i3.g. LiPF6 • LiBF4 • LiSbF6 • LiAsF6 • LiCI04 • LiCF3SO3. Li(CF3SO2)zN. LiC~9SO3. LiSbF6 • LiAI04 • 

LiAICl 4 • LiCI. rQ Lil~ cl-'f-Ci~ -;i:-oJlAj Zl_~-'8_ 1"§-cl 7}'\5-ii}i::}. 

Clii} ~ W'!l91 llH)-Zj~ {l_AJc,jl rQ lllii1-6lrn 7l;<B~i::J-. _::I_i'-74 ii}7l {J_Al6ll~ ~ W'!l91 llH)-Zj~ ~ {J_Al6ll~ 

~ ~ w'!Jcl ii}7l {J_Al6lloJl ~:CZa5']~ ~.g. o}ytj-_ 

~cl--2:-"r(deionized water) lOmgoJl ii}cl--'=-i:'t~ _lil_xii}cl--'=-101lcl~(hydrazine monohydrate) 40µg% ~7}~ +. 
"r%'"1% 90°C-2-~ 7}~~ + __g_-5:_ %7:lii}~tj-. 

c1~h\7. c11f Cl~} ~7:l-§- 0J~ ~%~% ;<1l:'Eii}~tj-. ~71 ;<1l:'E~ c11f c1~}~7:l-§- 0J~ ~%~91 :'E"'a_g. 

0. 33Li2MnO3-0. 6LiNi1;~1;3Co1;~2cl 9-. 

~cl--2:-"r(deionized water) lOmgoJl ii}cl--'=-i:'t~ _lil_xii}cl--'=-101lcl~(hydrazine monohydrate) 40µg% ~7}~ +. 
"r%'"1% 90°C-2-~ 7}~~ + __g_-5:_ %7:lii}~tj-. 

c1~h\7. c11f Cl~} ~7:l-§- 0J~ ~%~% ;<1l:'Eii}~tj-. "'J7l ;<1l:'E~ c11f c1~}~7:l-§- 0J~ ~%~91 :'E"'a_g. 

0. l8Li2MnO3-0. 6LiNi1;~1;3C01;3O2Cl tj-. 

~cl--2:-"r(deionized water) lOmgoJl 4mg/ml91 ~:§:)- -=ii:'}-'{] %<>Jl(graphene oxid solution)% 200ml% ~7}~ +. 
ji1_ 1ti-ii}~ tj-. 

- 12 -
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[01131 

[OJ l4l 

[0115 J 

[01161 

[01171 

[OJ JSJ 

[OJ J9J 

[01201 

fOL!J J 

[0]221 

[0123] 

[01241 

fOL!SJ 

[01261 

fOJ._c/J 

[0128] 

[0]291 

fOJ30J 

[Ol3l] 

[Offcj 

[0133] 

~ JH ~01 10-2015-0062724 

c] 61 A7, c'::_SI_ 1011 c] _c=_i:'}c] 61 ~ c]-§-ii}oj 190°C91 {l_ <H i::7 1-11-¥-~ c'::_SI_ 1011 c] ¾A}ii}~ tj-. 

c]ojA7, 120°C91 -2:-.5:.~ 12A]zj_- %'d- ~:'E ii}~i::J-. 

c]~hZi. cl~ c]~} ~Al% 0J~ ~{Hl% A7]:'Eii}~i::J-. "'J7l A1l:=E~ cl~ c]~}~Al% 0J~ ~%~.g. ~:§} -=ii:'}'{] 

(graphene oxide)c] R~ .5:..±.-'8 0.4Li 2MnO3-0.6LiNi 1;3Mn1;3Co1;3O2c]tj-. 

~cl-2:-'T'(deionized water) lOmgoJl ii}c]_c=_i:'}~ -2..xii}c]_c=_l1]c]~(hydrazine monohydrate) 40µg% ~7}~ +. 
'1"%'"1% 90°C-2..~ 7}~~ + -2:-.5:. %Alii}~tj-. 

c]ojA-1, "'J7l {l_A]oll 391 ~J!} %~';'1. ~:§} -=ii:'}'{]c] R~ .5:..±.-'8 0.4Li2MnO3-0.6LiNi1;3Mn1;3Co1;~2 2g% ~jl 

~~~ 3t- 0 3A]zj_-%'d- ii1.~ii}~tj-. 

c]~hZi. cl~ c]~} ~Al% 0J~ ~%~% A7]:'Eii}~i::J-. ~71 A7l:'E~ cl~ c]~}~Al% 0J~ ~%~91 :'E"'a.g. R~ 

oJl ~'tl_-'8_ ~:§} -=ii:'}'{]c] .5:..±.-'8 0.33Li2MnO3-0.6LiNi1;3Mn1;3Co1;3O2cli::J-. 

"'J7l {l_A]oll loJ]A7 A1l:=E~ cl~ c]~} ~Al% 0J~ ~%~J!} .5:.~A~~ i'r-~-P. ll}';'}i::7~ ¾c11ll~c1"11 ¾-'f--2..i:'} 

c]_c=_(PVdF)~ Zj-Zj- s:1:191 ~2Jlll~ ~~ii}oj ~i'M~ A7]:'Eii}~i::J-. "'J7l ~"121~ 15 µm -'r-~191 ~-'f-ufa"J-oJl 

"IT~ ii} 711 .5:..±. ii} jl. 120°C 91 -2:-.5:.oJ] A7 ~ -t'- ~:'Eii}oj 0J~% A1l :'Eii}~ tj-. 

"'J7] A1l:=E-'8 °J~J!} 21 ~ ~ ~% "'JI11 ~~ -2..~ ii}uj. 9--t'-"'a ¾21 oJl ~ iill"l- 5'}_t;l_Lil c]~. oJl ~ u11~ 5'}_t;l_Lil c]~ 

_::i.:qjl 9u1]~5'}_t;l_Ljlc]~~ 3:4:391 1\3-:rr]ll]~ ~~~ -§-uBoJ] LiPF67} l.OM 2is-.5:.~ ~ 0 } 5:}~ <>Jl;,1] ~-oM% A} 

-§-ii}oj ~"'J:o\j-2..~ ~GiAi 5:}~ A7l:'E -t'-:CZ,loJ] u:j-i:'} ~~ All_% A7l:'E ii}~i::J-. 

"'J7] {)_A] ol] 2oJ]A7 A1l:=E~ cl~ c]~} ~A]-§- 0J~ ~%~% A}-§-~ ~% A7]9lii}j1.~ "'J7] {)_A] ol] 59} %~ii}71] 

{l_ Al ii}oj -3I ';'l ~~ All_% A1l :=E ii}~ tj-. 

"'J7] {)_A] ol] 4oJ]A7 A1l:=E~ cl~ c]~} ~A]-§- 0J~ ~%~% A}-§-~ ~% A7]9lii}j1.~ "'J7] {)_A] ol] 59} %~ii}71] 

{l_ Al ii}oj -3I ';'l ~~ All_% A1l :=E ii}~ tj-. 

"'J7] ll]ii1.6l] 191 cl~ c]~} ~A]-§- 0J~ ~%~% A}-§-~ ~% A7]9lii}j1.~ "'J7] {)_A] ol] 59} %~ii}71] {l_A]ii}oj 

-3I ';'l ~~ All_% A1l :=E ii}~ tj-. 
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[01341 

[OJ35J 

[0136] 

[0137] 

[OJ38J 

[OB9J 

[01401 

[01411 

[01421 

[OJ43J 

[OJ44J 

[OMS] 

[01461 

[OJ47l 

[OJ48J 

[OM9] 

[OJ 50J 

[0]51] 

[0152] 

[0153] 

[0]541 

[0155 J 

~ JH ~ 01 10-2015-0062724 

Li Mn Co Ni L/M 
ratio( %lll l 

lllii1.6ll 1 7.01 3.01 0.98 1.00 1.41 
{l_ Al oll 1 6.46 2.99 0.98 1.00 1.3 

¾1 ~J!J-. {l_A]oll 191 ii}c]_c=_i:'}~ :'<MoJl 91°0~ Li/M91 ll]%c] ~~ ~% ~';'}~ "r 5:Ji::J-. c]~ Li91 :§}~:o\j ~ 

21 _5'.. ';'} ~ ~_2__5'.. :@-tl-.'8_ tj-. 

1) :ii oJ) 2: XRD ~?-J 

ii}c]_c=_i:'}~ :'<M A]zj_-c] ¾7} ~!-oJl u:}i:'} 19.5:. 1\3-"2-oJl XRD :rr]3.7} W"~ii}~ ~% ~ "r 5:Ji::J-. c]_5'..1\3-F7 L//H+91 

c]-2:- ji1.~c] c]-"f-Ci ~% ~ "r 5:Ji::J-. 

.5:. 2~ {l_A]oll rQ ll]iiiol]oJl u:J-"E ~{Hl91 SEM A}~c]i::J-. "'J7l {l_A]oll 1. ll]ii1.6ll 191 21l'r c]:'z} ~;z]-§- 0J~ ~ 
%~% Zj-Zj- 18::±. Fj]c]_sI_ .<?M "J¾'lJ~ +. ¾i'11E11'fCPt) ¾i:'}Zou} .311'iJiircj SEM A}~% ~~ii}~i::J-. _l;l_tj- T 
"11:o\j-2.._5'.. . .5:. 2 1-1121 zi-zi-21 At~oJl rim ~'!l.g. q.g.J!J- 7.£i::J-. 

e. 1}_AJo/J 4o// 14-f'!- 'fl-fHl 

f. 11_ A/ of/ Jo// '4{i'!- 'fi-{f'fl 

.5:. 4.g. {l_Aloll 2oJl u:J-"E ~%~91 TEM A}~cli::J-. R~oJl ~13nm91 .31"1]%Cl "';PaB ~% ~';'}~ "r 5:Ji::J-. ~- 77 

21 Alzj_-oJJ u:J-;:q. .31"11%91 -'¥-~rn :'E~~ "r s:J%% ~ "r s:Ji::J-. 
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(19) Korea Patent Office (KR) 

(12) Published Patent Application (A) 

(11) Publication No. 10-2014-0125856 

(43) Date of Publication: October 29, 2014 

English Translation of KR2014-0125856 

5 (51) Int. Cl. 

10 

15 

20 

H01M 4/525 (2010.01) H01M 4/505 (2010.01) H01M 4/58 (2010.01) H01M 4/13 

(2010.01) H01M 10/052 (2010.01) C01G 53/00 (2006.01) C01D 15/00 (2006.01) 

(21) Application Number: 10-2014-7025572 

(22) Date of Filing: February 5, 2013 

(71) Applicant: BASF SE 

Ludwigshafen am Rhein (DE) 

(72) Inventor: V olkov Aleksey 

67065 Ludwigshafen (DE) 

Leitner Klaus 

67059 Ludwigshafen (DE) 

Jordan Keith Lampert 

68165 Mannheim (DE) 

Martin Schulz-Dobrick 

67063 Ludwigshafen (DE) 

(74) Agent: Koreana Patent Firm 

(54) Title of the Invention: Particle, Formation Method of the Particle, and Use of the 

Particle 

(57) Overview: 

The present invention relates to a particle including a mixed oxide of General 

25 Formula (I) below and the particle is completely or partially coated with one or more 

fluorides. 

(I) 

(In the Formula (I), variables are each defined as follows: bis a number in the range of 

0.25 to 0.45; c is a number in the range of 0.15 to 0.25; d = 1-b-c; (1 +a) is in the range of 

30 1.05 to 1.20; and 1.8+a:s;z:::;2.2+a). The present invention also relates to a formation 

method and a use of the particle of the invention. 

1/33 



AMPEREX Ex. 1002 
Page 1446

[Scope of Claim] 

[Claim l] 

English Translation of KR2014-0125856 

A particle including a mixed oxide of General Formula (I) below that 1s 

completely or partially coated with one or more fluorides: 

(I) 

(In the Formula (I), variables are each defined as follows: bis a number in the range of 

0.25 to 0.45; c is a number in the range of 0.15 to 0.25; 1.8 +a~ z ~ 2.2 + a); d = 1 - b -

c; and (1 + a) is in the range of 1.05 to 1.20). 

[Claim 2] 

10 The particle according to claim 1, wherein a molar ratio of fluoride to the sum 

of transition metals in the mixed oxide of General Formula (I) is in the range of 0.02 to 

0.15. 

[Claim 3] 

The particle according to claim 1 or 2, wherein 5 % or more of an external surface 

15 of the particle is covered with fluoride. 

[Claim 4] 

The particle according to any one of claims 1 to 3, wherein fluoride is selected 

from LiF, NiF2, CoF2, MnF2, and oxyfluoride of one or more metals selected from Ni, 

Mn, and Co. 

20 [Claim 5] 

The particle according to any one of claims 1 to 4, wherein an average diameter 

(D50) is in the range of 1 µm to 30 µm. 

[Claim 6] 

The particle according to any one of claims 1 to 5, wherein the particle is 

25 substantially spherical. 

[Claim 7] 

30 

The particle according to any one of claims 1 to 6, wherein the particle includes 

LhMn03. 

[Claim 8] 

A use of the particle according to any one of claims 1 to 7 for manufacturing of 

an electrode. 

[Claim 9] 

2/33 
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English Translation of KR2014-0125856 

An electrode comprising; 

the particle according to claims 1 to 8, one or more carbon-containing materials 

having electric conductivity, and one or more binders. 

[Claim 10] 

The electrode according to claim 9, wherein the carbon-containing materials 

having electric conductivity are selected from graphite, carbon black, carbon nanotube, 

graphene, and a mixture of at least two of the above materials. 

[Claim 11] 

A use of the particle according to claims 1 to 7 and the electrode according to 

10 claim 9 or 10 in a battery. 

[Claim 12] 

A manufacturing method of a battery using the particle according to claims 1 to 

7 and the electrode according to claim 9 or 10. 

[Claim 13] 

15 A manufacturing method of an electrode using the particle according to claims 1 

to 7 and the electrode according to claim 9 or 10. 

[Claim 14] 

A battery comprising; 

an electrode material according to claims 1 to 7 and one or more electrodes 

20 according to claim 9 or 10. 

[Claim 15] 

A use of the battery according to claim 14, as a power source in a mobile device. 

[Claim 16] 

A use of the battery according to claim 14 or 15, 

25 wherein the mobile device is an automobile, a motorcycle, an aircraft, a computer, 

30 

a telephone, or a power tool. 

[Claim 17] 

A formation method of the particle according to claims 1 to 7 comprising a step 

of; 

calcining of hydroxide, carbonate, oxyhydroxide, or basic carbonate of nickel, 

manganese, and cobalt in the presence of fluoride and one or more lithium salts. 

[Claim 18] 

3/33 
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The method according to clam 1 7, 

wherein the selected fluoride is ammonium fluoride or ammonium hydrogen 

difluoride. 

[Description] 

5 [Technical Field] 

[0001] 

10 

15 

20 

25 

The present invention relates to a particle including a mixed oxide of General 

Formula (I) below: 

[0002] 

Li1+aNibCOcMnctOz (I) 

[0003] 

(In the Formula (I), 

[0004] 

variables are each defined as follows: 

[0005] 

bis a number in the range of 0.25 to 0.45; 

[0006] 

c is a number in the range of 0.15 to 0.25; 

[0007] 

d = 1 - b - c; 

[0008] 

1.8 +a~ z ~ 2.2 + a; 

[0009] 

and (1 + a) is in the range of 1.05 to 1.20), 

[0010] 

wherein the particle is completely or partially coated with one or more fluorides. 

[0011] 

The present invention also relates to a formation method of the particle of the 

invention. The present invention also relates to a use of the particle of the invention. 

30 [Background of the Invention] 

[0012] 

4/33 
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Batteries with high storage capacitance at maximum working voltage are 

becoming increasingly important. In general, with batteries that operate on the basis of 

aqueous systems, it is difficult to obtain the desired capacitance. 

[0013] 

5 In lithium-ion batteries, charge transfer is ensured by non-aqueous solvents or 

by lithium ion in non-aqueous solvent systems, not by protons in hydrated form 

Electrode materials have a specific role to play. The demands for cathode materials are 

particularly high. 

[0014] 

In many cases, these cathodes that operate at high voltages become problematic 

at high voltages-that is, at 4.3 V or higher, for example. Under these circumstances, 

oxidation of the electrolyte may occur, sometimes accompanied by its polymerization. 

In the most unfavorable cases, however, the polymer layer on the cathode functions as an 

insulator, leading to a drastic reduction in battery efficiency. Furthermore, many 

15 cathode materials have been found to lack cycling stability at such voltages. This is 

because too much lithium is removed from the structure during the discharge 

(delithiation) process, which can lead to a collapse of the corresponding cathode material 

structure. 

[0015] 

20 Therefore, the object of the present invention is to provide material suitable for 

manufacturing a cathode having a long lifetime even at a high voltage-that is, at 4.3 V 

or higher, for example-and even after several significant delithiation processes in 

particular. An additional object of the present invention is to provide a formation 

method of a material that can be further processed into a corresponding cathode. 

25 Another object of the present invention is to provide an electrode and a battery having a 

long lifetime even at a high voltage and even after several significant delithiation 

processes in particular. 

[0016] 

Therefore, we have found the particle defined at the beginning. In the present 

30 invention, the particle is referred to as "the particle of the invention". 

[0017] 

5/33 
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In the present invention, the term "cycling" refers to the charging and the 

discharging of a battery or a cell. 

[Content of the Invention] 

[0018] 

5 The present invention relates to one or more mixed oxides in General Formula 

(I) below: 

[0019] 

(I) 

[0020] 

(In the Formula (I), 

[0021] 

variables are each defined as follows: 

[0022] 

bis a number in the range of 0.25 to 0.45, preferably 0.37 to 0.42; 

15 [0023] 

20 

c is a number in the range of 0.15 to 0.25, preferably 0.17 to 0.22; 

[0024] 

d = 1 - b - c; 

[0025] 

(1 + a) is in the range of 1. 05 to 1.20, preferably 1. 10 to 1. 15; 

[0026] 

and 1.8 +a~ z ~ 2.2 + a), 

[0027] 

wherein the particle is completely or preferably partially coated with one or more 

25 fluorides. 

[0028] 

In one embodiment of the present invention, the particle of the invention includes 

two or more mixed oxides of General Formula (I). In another embodiment of the present 

invention, the particle of the invention includes exactly one mixed oxide of General 

30 Formula (I). 

[0029] 
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In one embodiment of the present invention, the particle of the invention does 

not include any additional Mn-, Co- or Ni-containing oxide compound other than the 

mixed oxide of General Formula (I). In another embodiment of the present invention, 

the particle of the invention includes, for example, LhMn03 in the range of 5 mol% to 22 

5 mol%, based on the compound of General Formula (I). 

[0030] 

In one embodiment of the present invention, the particle of the invention has a 

molar ratio of fluorine to the sum of the transition materials in the mixed oxide of General 

formula (I) in the range of 0. 02 to 0. 15. 

10 [0031] 

In one embodiment of the present invention, the material of the present invention 

substantially has a layered structure, which is an oxide formed of layers in other words. 

The structure of each crystal lattice can be measured by known methods-for example 

X-ray diffraction or electron diffraction-in particular X-ray powder diffraction. 

15 [0032] 

In one embodiment of the present invention, the particle of the invention, for 

example, may have a BET surface area in the range of 0.1 m2/g to 5 m2/g, measured by 

nitrogen adsorption according to DIN ISO 9277:2003-05. 

[0033] 

20 In one embodiment of the present invention, the material of the invention may 

be doped with metal ions selected from Na, K, Rb, Cs, alkali earth metal, Ti, V, Cr, Fe, 

Cu, Ag, Zn, B, Al, Zr, Mo, W, Nb, Si, Ga, and Ge cations, with a total of 2 wt% or lower, 

preferably with a total of 1 wt% or lower, based on the overall compounds (I). In a 

favorable embodiment of the present invention, the material of the invention is not doped 

25 with any other metal ions. 

[0034] 

The term "doping" should be understood to signify an addition of one or more 

compounds having one or more cations selected from Na, K, Rb, Cs, alkali earth metal, 

Ti, V, Cr, Fe, Cu, Ag, Zn, B, Al, Zr, Mo, W, Nb, Si, Ga, and Ge cations in one or more 

30 steps during the formation of the material of the invention. Impurities introduced by 

minor contaminants of the starting material, like a sodium ion in the range of 0.1 ppm to 
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100 ppm based on the material of the invention, are not referred to as doping in the present 

invention. 

[0035] 

In one embodiment of the present invention, the particle of the invention includes 

5 sulfate or carbonate up to 1 wt% or lower. In another embodiment of the present 

invention, the material of the invention does not include a given detectable ratio of sulfate 

and/or carbonate. 

[0036] 

In one embodiment of the present invention, the compound of General Formula 

10 (I) is in the form of a crystalline powder. 

[0037] 

In one embodiment of the present invention, the particle of the invention is 

substantially spherical. In one embodiment of the present invention, the particle of the 

invention is a secondary aggregate of primary particles, which is substantially spherical. 

15 The particle diameter (D50) of the secondary aggregate can be in the range of 1 µm to 30 

µm, preferably 2 µm to 25 µm, more preferably 4 µm to 20 µm. In the present invention, 

the particle diameter (D50), for example, refers to the average particle diameter (weight 

average) that is measurable by evaluation with light scattering or an electron microscope. 

[0038] 

20 

25 

It should be understood that the term "substantially spherical" signifies that the 

particle of the invention is exactly spherical or has a circular shape, in which case the 

difference between the diameter at the largest point and the diameter at the smallest point 

does not exceed 10 %. 

[0039] 

The particle of the invention is completely or partially coated with one or more 

fluorides, which means that the particle of the invention includes coating material 

including one or more fluorides. The coating material is considered to be a part of the 

particle of the invention. 

[0040] 

30 In one embodiment of the present invention, 5 % or more of an external surface 

of the particle of the invention is coated with fluoride, indicating an average value. In a 

favorable embodiment, 10 % to 90 % of the external surface of the particle of the 
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invention is covered with fluoride. The coverage, for example, can be measured by 

photoelectron spectroscopy (XPS) or electron microscopy (SEM, TEM). 

[0041] 

Fluoride that coats the particle of the invention may be either crystalline or 

5 amorphous. 

[0042] 

In one embodiment of the present invention, fluoride is selected from LiF, NiF2, 

CoF2, MnF2, possibly mixed fluoride of two or more metals selected from Mn, Ni, and 

Co, and oxyfluoride of one or more metals selected from Ni, Mn, and Co. Fluoride 

10 selected from LiF, NiF2, CoF2, and MnF2 is preferred. 

[0043] 

In one embodiment of the present invention, the particle of the invention is 

completely or partially coated with fluoride compounds, such as LiF, NiF2, CoF2, MnF2, 

and two or more fluorides selected from oxyfluoride of one or more metals selected from 

15 Ni, Mn, and Co. 

[0044] 

In one embodiment of the present invention, fluoride(s) is(are) arranged in the 

form of a single crystal, or amorphous or crystalline layer on the external surface of the 

particle of the invention. 

20 [0045] 

In one embodiment of the present invention, fluoride exists on the external 

surface, but it does not exist in pores of the particle of the invention. In another 

embodiment of the present invention, fluoride exists not only on the external surface, but 

also in pores of the particle of the invention, especially in pores derived from the 

25 aggregation of the primary particles. 

[0046] 

A battery with a favorable property can be manufactured by using the particle of 

the invention. More particularly, a battery manufactured with the compound of General 

Formula (I) has a high discharge capacitance when cycled against lithium elements at 3.0 

30 V to 4.6 V. It is observed that the battery of the invention shows only a very small drop 

(if it exists) in potential during the cycling. During the cycling against the lithium 
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elements at 3.0 V to 4.6 V, the average discharge potential should exceed 3.5 V in 25 

mA/g of a current rate in the material of the invention. 

[0047] 

The present invention also provides an electrode including the particle of the 

5 invention. 

[0048] 

In the present invention, the particle of the invention may be referred to as 

material (A). 

[0049] 

In one embodiment of the present invention, the particle of the invention is used 

as a composite including carbon-containing materials having electric conductivity in the 

electrode of the invention. For example, the particle of the invention can be treated, or 

coated, with the carbon-containing materials having electric conductivity, for example. 

Such a composite is also a part of the main subject of the present invention. 

15 [0050] 

The carbon-containing material having electric conductivity, for example, can 

be selected from graphite, carbon black, carbon nanotube, graphene and a mixture of at 

least two of the aforementioned materials. In the present invention, the carbon­

containing material having electric conductivity may be referred to as carbon (B), for 

20 short. 

[0051] 

In one embodiment of the present invention, the carbon-containing material 

having electric conductivity is carbon black. Carbon black, for example, can be selected 

from lamp black, furnace black, flame black, thermal black, acetylene black, and 

25 industrial black. Carbon black may include impurities, such as hydrocarbon (especially 

aromatic hydrocarbon), oxygen-containing compounds, or oxygen-containing groups 

(e.g., OH group). In addition, sulfur- or iron-containing impurities may exist in the 

carbon black. 

[0052] 

30 In a variation, the carbon-containing material having electric conductivity is a 

partially oxidized carbon black. 

[0053] 
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In one embodiment of the present invention, the carbon-containing material 

having electric conductivity includes carbon nanotubes. Carbon nanotubes (CNTs, for 

short), for example, single-walled carbon nanotubes (SWCNTs) and preferably multi­

walled carbon nanotubes (MWCNTs) are known. The formation method and some 

5 properties thereof, for example, are described in the study conducted by A Jess et al. 

(Chemie Ingenieur Technik 2006, 78, 94-100). 

[0054] 

In one embodiment of the present invention, a diameter of carbon nanotubes is 

in the range of 0.4 nm to 50 nm, preferably 1 nm to 25 nm. 

10 [0055] 

In one embodiment of the present invention, a length of carbon nanotubes is in 

the range of 10 nm to 1 nm, preferably 100 nm to 500 nm. 

[0056] 

Carbon nanotubes can be formed with known methods. For example, a volatile 

15 carbon compound (e.g., methane or carbon monoxide), acetylene or ethylene, or a mixture 

of volatile carbon compounds (e.g., a combined gas) can be decomposed in the presence 

of one or more reductants (e.g., hydrogen and/or additional gas like nitrogen). Another 

suitable gaseous mixture is a mixture of carbon monoxide and ethylene. A suitable 

temperature for decomposition, for example, is in the range of 400 °C to 1000 °C, 

20 preferably 500 °C to 800 °C. A suitable pressure condition for decomposition, for 

example, is in the range of standard pressure to 100 bar, preferably up to 10 bar. 

[0057] 

For example, single- or multi-walled carbon nanotubes can be obtained by the 

decomposition of carbon compounds during light arc discharge, specifically in the 

25 presence or absence of a decomposing catalyst. 

[0058] 

In one embodiment, the decomposition of volatile carbon-containing 

compound(s) is(are) performed in the presence of a decomposing catalyst (e.g., Fe, Co or 

preferably Ni). 

30 [0059] 
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In the present invention, a graphene is understood to signify the same or almost 

the same two-dimensional hexagonal carbon crystal having a structural similarity to a 

single graphene layer. 

[0060] 

In one embodiment of the present invention, the weight ratio of the particle of 

the invention to the carbon-containing material having electric conductivity in the 

electrode of the invention is in the range of 200: 1 to 5: 1, preferably 100: 1 to 10: 1. 

[0061] 

An additional embodiment of the present invention is an electrode, specifically 

10 a cathode (including the particle of the invention, one or more carbon-containing 

materials having electric conductivity, and one or more binders). The particle of the 

invention, one or more carbon-containing materials having electric conductivity, and one 

or more binders are combined to form an electrode material, which also is a part of the 

subject matter of the present invention. 

15 [0062] 

The particle of the invention and the carbon-containing material having electric 

conductivity are as described above. 

[0063] 

A suitable binder is preferably selected from organic ( co )polymers. A suitable 

20 (co)polymer (i.e. homopolymer or copolymer), for example, can be selected from the 

( co )polymer obtained by anionic, catalytic or free-radical ( co )polymerization, specifically 

polyethylene, polyacrylonitrile, polybutadiene, polystyrene, as well as the (co)polymer of 

two or more comonomers selected from ethylene, propylene, styrene, (meta)acrylonitrile, 

and 1,3-butadiene. Polypropylene is also suitable. Polyisoprene and polyacrylate are 

25 additionally suitable. Polyacrylonitrile is preferable. 

[0064] 

In the present invention, polyacrylonitrile is understood to signify not only 

polyacrylonitrile homopolymer, but also copolymer of acrylonitrile and 1,3-butadiene or 

styrene. Polyacrylonitrile homopolymer is preferred. 

30 [0065] 

In the present invention, polyethylene not only signifies homopolyethylene, but 

also 50 mol% or more of co-polymerized ethylene and copolymer of ethylene including 

12/33 



AMPEREX Ex. 1002 
Page 1457

English Translation of KR2014-0125856 

50 mol% or less of one or more additional comonomers like a-olefin (e.g., propylene, 

butylene (I-butene), 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-pentene; isobutene and 

aromatic vinyl like styrene; as well as (methyl) acrylic acid, vinyl acetate, vinyl 

propionate, C1-C10-alkyl ester of (methyl) acrylic acid, especially methyl acrylate, methyl 

5 methacrylate, ethyl acrylate, ethyl methacrylate, n-butyl acrylate, 2-ethylhexyl acrylate, 

n-butyl methacrylate, 2-ethylhexyl methacrylate, and also maleic acid, maleic anhydride 

and itaconic anhydride). Polyethylene can be HDPE or LDPPE. 

[0066] 

In the present invention, polypropylene not only signifies homopolypropylene, 

10 but also 50 mol% or more of co-polymerized polypropylene and copolymer of 

polypropylene including 50 mol% or less of one or more additional comonomers(e.g., 

ethylene and a-olefin like butylene, 1-hexene, 1-decene, 1-dodecene and 1-pentene). 

Polypropylene is preferably isotactic or substantially isotactic polypropylene. 

[0067] 

15 In the present invention, polystyrene signifies not only the homopolymer of 

20 

styrene, but also a copolymer of acrylonitrile, 1,3-butadiene, (methyl) acrylic acid, C1-

C10-alkyl ester of (methyl) acrylic acid, divinylbenzene, especially 1,3-divinylbenzene, 

1,2-diphenyl ethylene and a-methylstyrene. 

[0068] 

Another favorable binder is polybutadiene. 

[0069] 

Other suitable binders are selected from polyethylene oxide (PEO), cellulose, 

carboxymethyl cellulose, polyimide, and polyvinyl alcohol. 

[0070] 

25 In one embodiment of the present invention, the binder is selected from these 

(co)polymers having an average molecular weight Mw in the range of 50,000 g/mol to 

1,000,000 g/mol, preferably up to 500,000 g/mol. 

[0071] 

The binder may be a crosslinked or non-crosslinked ( co )polymer. 

30 [0072] 
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In a particularly favorable embodiment of the present invention, the binder is 

selected from halogenated (co)polymers, especially from fluorinated (co)polymers. 

Halogenated or fluorinated (co)polymers are understood to signify these (co)polymers 

containing one or more co-polymerized comonomers having one or more halogen 

5 elements or one or more fluorine elements per molecule, preferably having two or more 

halogen elements or two or more fluorine elements per molecule. 

[0073] 

Examples of the binders include polyvinyl chloride, polyvinylidene chloride, 

polytetrafluoroethylene, polyvinylidene fluoride (PvdF), tetrafluoroethylene-

10 hexafluoropropylene copolymer, vinylidene fluoride-tetrafluoroethylene copolymer 

(PV dF-HFP), vinylidene fluoride-tetrafluoroethylene copolymer, perfluoroalkyl vinyl 

ether copolymer, ethylene-tetrafluoroethylene copolymer, vinylidene fluoride­

chlorotrifluoroethylene copolymer, and ethylene-chlorofluoroethylene copolymer. 

[0074] 

15 Suitable binders are, in particular, polyvinyl alcohol and halogenated 

20 

(co)polymer (e.g., polychlorinated vinyl or polychlorinated vinylidene), fluorinated 

(co)polymers (e.g., polyfluorinated vinyl), and polyfluorinated vinylidene and 

polytetrafluoroethylene. 

[0075] 

In one embodiment, the carbon-containing material having electric conductivity 

in the electrode of the invention is selected from graphite, carbon black, carbon nanotube, 

graphene, and a mixture of at least two of the above materials. 

[0076] 

In one embodiment of the present invention, the electrode material of the 

25 invention includes: 

[0077] 

(A) the particle of the invention in the range of 60 wt% to 98 wt%, preferably 70 

wt% to 96 wt%, 

[0078] 

30 (B) carbon-containing material having electric conductivity in the range of 1 

wt% to 25 wt%, preferably 2 wt% to 20 wt%, and 
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[0079] 

(C) binder in the range of 1 wt% to 20 wt%, preferably 2 wt% to 15 wt%. 

[0080] 

[0081] 

The geometry of the electrode of the invention can be selected from wide ranges. 

The electrode of the invention, for example, is preferably formed in a thin layer with a 

thickness in the range of 10 µm to 250 µm, preferably 20 µm to 130 µm. 

[0082] 

In one embodiment of the present invention, the electrode of the invention 

10 includes foil (e.g., metal foil, especially aluminum foil, or polymer film such as polyester 

film, which can be untreated or siliconized). 

[0083] 

The present invention further provides for the use of the electrode material or the 

electrode of the invention in a battery. The present invention also provides a 

15 manufacturing method of a battery using the electrode material or the electrode of the 

invention. The present invention provides a battery including one or more electrode 

materials or electrodes of the invention as well. 

[0084] 

By definition, the electrode in the battery of the invention functions as a cathode. 

20 The battery of the invention includes a counter electrode, defined as an anode in the 

present invention, which can be, for example, a carbon anode, specifically a graphite 

anode, a lithium anode, a silicon anode or a lithium titanate anode. 

[0085] 

The battery of the invention, for example, can be a battery or an accumulator. 

25 [0086] 

The battery of the invention can further include additional components (e.g., a 

conductive salt, a non-aqueous solvent, a separator, and/or an output conductor such as 

those manufactured with metal or alloy) as well as cable connection part and housing in 

addition to the anode or the electrode of the invention. 

30 [0087] 

In one embodiment of the invention, the battery of the invention includes one or 

more non-aqueous solvents selected from preferably polymer, cyclic or acyclic ether, 
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cyclic and acyclic acetal, and cyclic or acyclic organic carbonate, which can be in liquid 

or solid form at room temperature. 

[0088] 

Examples of suitable polymers are specifically polyalkylene glycol, preferably 

5 poly-C1-C4-alkylene glycol, and polyethylene glycol in particular. These polyethylene 

glycols can include 20 mol% or less of one or more C1-C4-alkylene glycols in a co­

polymerized form. Polyalkylene glycols are preferably polyalkylene glycols that are 

double-capped with methyl or ethyl. 

[0089] 

A molecular weight Mw of suitable polyalkylene glycol and especially suitable 

polyethylene glycol can be 400 g/mol or more. 

[0090] 

A molecular weight Mw of suitable polyalkylene glycol and especially suitable 

polyethylene glycol can be 5,000,000 g/mol or less, preferably 2,000,000 g/mol or less. 

15 [0091] 

Examples of suitable acyclic ethers are diisopropyl ether, di-n-butyl ether, 1,2-

dimethoxyethane, 1,2-diethoxyethane, and in those, 1,2-dimethoxyethane is preferable. 

[0092] 

Examples of suitable cyclic ethers are tetrahydrofuran and 1,4-dioxane. 

20 [0093] 

Examples of suitable acyclic acetals are dimethoxymethane, diethoxymethane, 

1, 1-dimethoxymethane and 1, 1-diethoxymethane. 

[0094] 

Example of suitable cyclic acetals are 1,3-dioxane and specifically 1,3-dioxolane. 

25 [0095] 

Examples of suitable acyclic organic carbonates are dimethyl carbonate, ethyl 

methyl carbonate, and diethyl carbonate. 

[0096] 

Examples of suitable cyclic organic carbonates are compounds of General 

30 Formulas (II) and (III) below: 
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(IH) 

5 [0099] 

15 

R1, R2
, and R3 may be the same or different, and are selected from hydrogen and 

C1-C4-alkyl (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, and 

tert-butyl). In this case, it is preferable that neither R2 nor R3 is a tert-butyl). 

[0100] 

In a particularly favorable embodiment, R1 is methyl and R2 and R3 are each 

hydrogen, or R1, R2
, and R3 are each hydrogen. 

[0101] 

Another preferable cyclic organic carbonate is vinylene carbonate of formula 

(IV) below. 

0 
il 

o/ "'o 
(IV) \ J \-------· 

[0102] 

[0103] 

Solvent(s) is(are) preferably used in the anhydrous state (i.e. a state with a water 

content in the range of 1 ppm to 30 ppm, wherein ppm refers to weight ppm), which can 

20 be, for example, measured by Karl Fischer titration. 

[0104] 
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The battery of the invention further includes one or more conductive salts. The 

suitable conductive salts are especially lithium salts. Examples of suitable lithium salts 

include salts of LiPF6, LiBF4, LiCl04, LiASF6 , LiCF3SQ3, LiC(CnF2n+1S02)3, lithium 

imide (e.g., LiN(CnF2n+1S02)2, where n is an integer in the range 1 to 20), LiN(S02F)2, 

5 LhSiF6, LiSbF6, LiAlCl4, and the general formula (CnF2 n+1S02)mXLi. In this case, mis 

as defined below: 

[0105] 

m = 1 when Xis selected from oxygen and sulfur, 

[0106] 

m = 2 when Xis selected from nitrogen and phosphorus, 

[0107] 

and m = 3 when Xis selected from carbon and silicon. 

[0108] 

The preferable conductive salts are selected from LiC(CF3S02)3, LiN(CF3S02)2, 

15 LiPF6, LiBF4 and LiCL04. Moreover, LiPF6 and LiN(CF3S02)2 are particularly 

preferred. 

[0109] 

In one embodiment of the present invention, the battery of the invention includes 

one or more separators that mechanically separate the electrodes. Suitable separators 

20 are polymer films, especially porous polymer films that are not reactive to metal lithium. 

Particularly suitable materials for separators are polyolefins, especially porous 

polyethylene in the film form and porous polypropylene in the film form. 

[0110] 

Separators made of polyolefin, especially polyethylene or polypropylenes, can 

25 have porosity in the range of 35 % to 45 %. The suitable pore diameter, for example, is 

in the range of 30 nm to 500 nm. 

[0111] 

In another embodiment of the present invention, the separator can be selected 

from a PET nonwoven fabric filled with inorganic particles. Such a separator has a 

30 porosity in the range of 40 % to 55 %. Suitable pore diameter, for example, is in the 

range of 80 nm to 750 nm. 

[0112] 
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In another embodiment of the present invention, a separator made of fiberglass 

paper is selected. 

[0113] 

The battery of the invention further includes an housing that can have any desired 

5 shape, e.g. cubic or cylindrical disk form In a variation, the housing to be used is a 

metal foil that is elaborately treated as pouch. 

[0114] 

The battery of the invention provides a high electrical potential and is effective 

for its high energy density and favorable stability. More specifically, the battery of the 

10 invention has high discharge capacitance when cycled against lithium elements at more 

than 4.3 V. It is observed that the battery of the invention shows only a very small drop 

(if exists) in potential during the cycling. During the cycling at 2.5 V to 4.55 V, the 

average discharge potential should exceed 3.5 V in 95 mA/g of a current rate in the 

material of the invention. 

15 [0115] 

The batteries of the invention can be combined with each other, and they can be, 

for example, connected in series or in parallel. Series connection is preferred. 

[0116] 

The present invention further provides a use of the battery of the invention, 

20 especially in mobile devices. Examples of mobile devices include motor vehicles (e.g., 

automobiles, motorcycles, aircrafts, or water vehicles such as boats or ships). Other 

examples of mobile devices include manually operated devices (e.g., computers 

[ especially laptop devices], telephones, or power tools in the field of construction 

[ especially drills, battery-powered drills or battery-powered tackers]). 

25 [0117] 

The use of the battery of the invention in the unit offers an advantage of a 

particularly high-volume energy density. 

[0118] 

The present invention also provides a manufacturing method of a battery 

30 compnsmg: 

[0119] 
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(A) the particle including a mixed oxide of General Formula (I) below that is 

completely or preferably partially coated with one or more fluorides: 

[0120] 

(I) 

5 [0121] 

(In the Formula (I), 

[0122] 

variables are each defined as follows: 

[0123] 

bis a number in the range of 0.25 to 0.45, preferably 0.37 to 0.42; 

[0124] 

c is a number in the range of 0.15 to 0.25, preferably 0.17 to 0.22; 

[0125] 

d = 1 - b - c; 

15 [0126] 

20 

(1 + a) is in the range of 1. 05 to 1.20, preferably 1. 10 to 1. 15; 

[0127] 

1.8 +a~ z ~ 2.2 + a), 

[0128] 

(B) one or more carbon-containing materials having electric conductivity, and 

[0129] 

(C) one or more binders 

[0130] 

are mixed in one or more steps, 

25 [0131] 

in some cases; (D) these are applied to one or more metal foils or polymer films. 

[0132] 

The particle of the invention, carbon-containing material or the carbon (B), and 

the binder (C) are as defined above. 

30 [0133] 

Mixing may be performed in one or more steps. 

[0134] 
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In a variation of the method according to the present invention, the particle of 

the invention, the carbon (B), and the binder (C) are mixed in a single step-for example 

in a mill, especially in a ball mill. The obtained mixture is then applied in a thin layer 

form to a support (e.g., the metal foil or polymer film (D)). The support can be removed 

5 before or during the integration into the battery. In another variation, the support is 

retained. 

[0135] 

In another variation of the method according to the present invention, the particle 

of the invention, the carbon (B), and the binder (C) are mixed in several steps, for example 

10 in a mill, especially in a ball mill. The particle of the invention and the carbon (B) can 

be mixed first. The mixture is combined with the binder (C) later. The obtained 

mixture is then applied in a thin layer form to a support (e.g., the metal foil or polymer 

film (D)). The support can be removed before or during the integration into the battery. 

In another variation, the support is not removed. 

15 [0136] 

In a variation of the method according to the present invention, the particle of 

the invention, the carbon (B) and the binder (C) are mixed in water or organic solvent 

(e.g., N-methylpyrrolidone or acetone). The obtained suspension is then applied in a 

thin layer form to a support (e.g., the metal foil or polymer film (D)), and the solvent is 

20 removed by heat treatment. The support can be removed before or during the integration 

into the battery. In another variation, the support is not removed. 

[0137] 

In the present invention, the thin layer can have a thickness in the range of 2 µm 

to 25 µm, for example. 

25 [0138] 

To improve the mechanical stability, the electrodes can be thermally or 

preferably mechanically treated (e.g., by pressing or calendaring). 

[0139] 

The method according to the present invention is highly suitable for the 

30 formation of the electrode material of the invention and the electrodes that can be obtained 

from the electrode material. 

[0140] 
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The present invention also provides a composite including the particle that 

particle is completely or partially coated with one or more fluorides, which includes one 

or more mixed oxides of General Formula (I) below, and one or more carbon-containing 

material having electric conductivity (also called as the carbon (B)): 

[0141] 

Li1+aNibCOcMnctOz (I) 

[0142] 

(In the Formula, 

[0143] 

variables are each defined as follows: 

[0144] 

bis a number in the range of 0.25 to 0.45, preferably 0.37 to 0.42; 

[0145] 

c is a number in the range of 0.15 to 0.25, preferably 0.17 to 0.22; 

15 [0146] 

20 

25 

d = 1 - b - c; 

[0147] 

(1 + a) is in the range of 1. 05 to 1.20, preferably 1. 10 to 1. 15); 

[0148] 

1.8 +a~ z ~ 2.2 + a), 

[0149] 

In the composite of the invention, the particle of the invention is treated (e.g., 

coated) with the carbon (B). 

[0150] 

In one embodiment of the invention, the particle of the invention and the carbon 

(B) are present in a weight ratio of 98: 1 to 12:5, preferably 48: 1 to 7:2, in the composite 

of the invention. 

[0151] 

The composite of the invention is particularly suitable for the formation of the 

30 electrode material of the invention. The manufacturing method is described above and 

is a part of the main subject of the invention. 

[0152] 
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The present invention also provides the manufacturing method of the particle of 

the invention, which is also called a synthesis method according to the present invention. 

This method according to the present invention can be performed by calcining hydroxide, 

carbonate, oxyhydroxide, or basic carbonate of nickel, manganese, and cobalt in the 

5 presence of fluorides, and one or more lithium salts. 

[0153] 

Specifically, the procedure consists of first forming a precursor including the 

transition metals Ni, Co and Mn in a desired ratio, possibly including dopant(s), and then 

calcining it as described above. In a preferable variantion, the procedure involves 

10 forming the precursor with the precipitation of a mixed carbonate or mixed oxyhydroxide, 

which may be basic. In the second step, mixing is first performed with a lithium 

compound, preferably with at least one lithium salt (e.g., with lithium hydroxide), or more 

preferably with Li 2C03 and one or more fluorides. Next, calcination is performed (e.g., 

under air flow) preferably at 875 °C to 950 °C for 3 hours to 12 hours. 

15 [0154] 

In one embodiment of the synthesis method, the calcination is performed at a 

maximum temperature in the range of 875 °C to 950 °C. 

[0155] 

In one embodiment of the present invention, the selected fluoride is ammonium 

20 fluoride, ammonium hydrogen fluoride, or a mixture of ammonium fluoride and 

ammonium hydrogen difluoride. 

[0156] 

The present invention will be explained with a reference of applicable examples 

below. 

25 [Detailed Description of the Invention] 

[0157] 

30 

General remarks: Numbers expressed in % are weight%, unless otherwise 

specified. 

[0158] 

The amount of dissolved salt is based on the number of kg of solution. 

[0159] 

I. Formation of Starting Materials 
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Commercial LhCO3 was dried at 105°C for 16 hours before use, and particles 

5 with a diameter of more than 50 µm were removed by sieving. 

[0162] 

1.2. Removal of Hydroxide (precursor) 

[0163] 

After solutions ofNiSO4, CoSO4 and MnSO4 and aqueous solutions of ammonia 

10 and NaOH were mixed by intensely stirring them at 55 °C with at a feed rate 

corresponding to 3 hours to 18 hours of residence time in the continuous reactor, 

Nio4Coo2Mno4(OH)2 was added. Spherical particles of Nio4Coo2Mno4(OH)2 were 

precipitated. The resulting mixed metal oxide/hydroxides were filtered out. 

15 

[0164] 

II. Formation of Material of the Invention and Material for Comparison 

[0165] 

11.1. Formation of Material C-M. l for Comparison 

[0166] 

NCM-424, Li/metal= 1.13 

20 [0167] 

Nio4Coo2Mno4(OH)2 was dried under the air at 15 °C for 16 hours. 

[0168] 

In an agate mortar, 6.34 g of LhCO3 was initially filled according to 1.1 and then 

mixed well with 13.85 g of a dried Nio4Coo2Mno4(OH)2 for 20 minutes. Thereafter, the 

25 obtained mixture was calcined in a muffle furnace under the air with the execution of the 

following temperature profile: 

[0169] 

First, the temperature per each case was increased from the room temperature to 

350 °C by 3 °C/min. The material was heated at 350 °C for 4 hours. Thereafter, the 

30 temperature was increased by 675 °C. During this process, the temperature per each 

case was increased by 3 °C/min. 

[0170] 
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The material was heated at 675 °C for 4 hours. The temperature was increased 

to 900 °C. During this process, the temperature per each case was increased by 3 °C/min. 

[0171] 

The calcination was performed at 900 °C for 6 hours. Through the overall 

5 heating and calcination, the air was passed through with the muffle furnace (100 1/h). 

[0172] 

After the completion of calcination, the material was cooled down at a cooling 

rate of 0.5 K/min. The comparison material C-M. l of present invention was obtained 

with this process, and kept under the nitrogen before any additional use. 

10 [0173] 

11.2. Formation of Material M.2 of the Invention 

[0174] 

NCM-424, Li/metal= 1.13, F of0.02 mol 

[0175] 

15 In the agate mortar, 6. 34 g of LhCO3 was initially filled according to 1.1 and then 

mixed well with 13.85 g of the dried Nio4Coo2Mno4(OH)2 for 10 minutes. After that, 

0.13 g ofNH4F was added and the mixture was combined for 10 minutes. Thereafter, 

the obtained mixture was calcined in a muffle furnace under the air with the execution of 

the following temperature profile: 

20 [0176] 

First, the temperature per each case was increased from the room temperature to 

350 °C by 3°C/min. The material was heated at 350 °C for 4 hours. Thereafter, the 

temperature was increased by 675 °C. During this process, the temperature per each 

case was increased by 3 °C/min. 

25 [0177] 

The material was heated at 675 °C for 4 hours. The temperature was increased 

to 900 °C. During this process, the temperature per each case was increased by 3 °C/min. 

[0178] 

The calcination was performed at 900 °C for 6 hours. Through the overall 

30 heating and calcination, the air was passed through with the muffle furnace (100 1/h). 

[0179] 
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After the completion of calcination, the material was cooled down at a cooling 

rate of 0.5 K/min. The material M.2 of the invention was obtained with this process, 

and kept under the nitrogen before any additional use. 

[0180] 

5 11.3. Formation of Material M.3 of the Invention 

[0181] 

NCM-424, Li/metal= 1.13, F of 0.1 mol 

[0182] 

In the agate mortar, 6.34 g of LhCO3 was initially filled according to 1.1 and then 

10 mixed well with 13.85 g of the dried Nio4Coo2Mno4(OH)2 for 10 minutes. After that, 

0.57 g of NH4F was added and the mixture was combined for 10 minutes. Thereafter, 

the obtained mixture was calcined in a muffle furnace under the air with the execution of 

the following temperature profile: 

[0183] 

15 First, the temperature per each case was increased from the room temperature to 

350 °C by 3 °C/min. The material was heated at 350 °C for 4 hours. Thereafter, the 

temperature was increased by 675 °C. During this process, the temperature per each 

case was increased by 3 °C/min. 

[0184] 

20 The material was heated at 675 °C for 4 hours. The temperature was increased 

to 900 °C. During this process, the temperature per each case was increased by 3 °C/min. 

[0185] 

The calcination was performed at 900 °C for 6 hours. Through the overall 

heating and calcination, the air was passed through with the muffle furnace (100 1/h). 

25 [0186] 

30 

After the completion of calcination, the material was cooled down at a cooling 

rate of 0.5 K/min. The material M.3 of the invention was obtained with this process, 

and kept under the nitrogen before any additional use. 

[0187] 

11.4. Formation of Material M.4 of the Invention 

[0188] 

NCM-424, Li/metal= 1.13, F of 0.2 mol 
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[0189] 

In the agate mortar, 6.34 g of LhCO3 was initially filled according to 1.1 and then 

mixed well with 13.85 g of the dried Nio4Coo2Mno4(OH)2 for 10 minutes. After that, 

1.14 g of NH4F was added and the mixture was combined for 10 minutes. Thereafter, 

5 the obtained mixture was calcined in a muffle furnace under the air with the execution of 

the following temperature profile: 

[0190] 

First, the temperature per each case was increased from the room temperature to 

350 °C by 3 °C/min. The material was heated at 350 °C for 4 hours. Thereafter, the 

10 temperature was increased by 675 °C. During this process, the temperature per each 

case was increased by 3 °C/min. 

[0191] 

The material was heated at 675 °C for 4 hours. The temperature was increased 

to 900 °C. During this process, the temperature per each case was increased by 3 °C/min. 

15 [0192] 

The calcination was performed at 900 °C for 6 hours. Through the overall heating and 

calcination, the air was passed through with the muffle furnace (100 1/h). 

[0193] 

After the completion of calcination, the material was cooled down at a cooling 

20 rate of 0.5 K/min. The material M.4 of the invention was obtained with this process, 

and kept under the nitrogen before any additional use. 

25 

[0194] 

11.5. Formation of Material M.5 of the Invention 

[0195] 

NCM-424, Li/metal= 1.2, F of0.l mol 

[0196] 

In the agate mortar, 6. 7 4 g of LhCO3 was initially filled according to 1.1 and then 

mixed well with 13.85 g of the dried Nio4Coo2Mno4(OH)2 for 10 minutes. After that, 

0.57 g of NH4F was added and the mixture was combined for 10 minutes. Thereafter, 

30 the obtained mixture was calcined in a muffle furnace under the air with the execution of 

the following temperature profile: 

[0197] 
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First, the temperature per each case was increased from the room temperature to 

350 °C by 3°C/min. The material was heated at 350 °C for 4 hours. Thereafter, the 

temperature was increased by 675 °C. During this process, the temperature per each 

case was increased by 3 °C/min. 

5 [0198] 

The material was heated at 675 °C for 4 hours. The temperature was increased 

to 900 °C. During this process, the temperature per each case was increased by 3 °C/min. 

[0199] 

The calcination is performed at 900 °C for 6 hours. Through the overall heating 

10 and calcination, the air was passed through with the muffle furnace (100 1/h). 

[0200] 

After the completion of calcination, the material was cooled down at a cooling 

rate of 0.5 K/min. The material M.5 of the invention was obtained with this process, 

and kept under the nitrogen before any additional use. 

15 [0201] 

20 

25 

III. Electrochemical Analysis: 

[0202] 

III. 1. The Analysis of the Invention as the Half Cell 

[0203] 

To form the cathode (Kat-hz-2), the materials below were mixed in a screwtop 

container: 

[0204] 

88 % ofM.2 

[0205] 

6 % of the polyvinylidene difluoride ("PV dF") ( commercially available from 

Arkema Group, under the name "Kynar Flex® 2801 ") 

[0206] 

3 % of the carbon black with the BET surface area of 62 m2/g (commercially 

available from Timcal, under the name "Super P Li") 

30 [0207] 

3 % of the graphite ( commercially available from Timcal, under the name 

"KS6") 
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[0208] 

A sufficient amount of N-methylpyrrolidone (NMP) was added while stirring, 

and the mixture was stirred with Ultra-Turrax® until a smooth paste without lumps was 

obtained. 

5 [0209] 

The obtained paste was knife-coated with aluminum foils of thickness 20 µm. 

The paste was dried for 16 hours at 120 °C in a vacuum drying cabinet. The loading 

after the drying process was 1.1 mg/cm2
. After drying, a circular disk part was punched 

into an area of 3 cm2
. With this process, the cathode (Kat-hz-2) of the invention was 

10 obtained. 

15 

[0210] 

Anode (An-hz-1): A lithium disk was punched into an area of3 cm2
. With this 

process, the anode (An-hz-1) of the invention was obtained. 

[0211] 

The test cell to be used was a setup according to Fig. 1. In a battery assembly, 

it was assembled from the bottom to the top based on a schematic diagram of Fig. 1. The 

anode is located on the very top, and the cathode is located at the very bottom in Fig. 1. 

[0212] 

Numbers in Fig. 1 indicate the following: 

20 [0213] 

25 

30 

1, l' A bolt 

[0214] 

2, 2' A nut 

[0215] 

3, 3' Sealing ring (2 per each case; the second sealing ring that is slightly smaller 

per each case is not displayed on Fig. 1) 

[0216] 

4 Helical springs 

[0217] 

5 Output conductor made out of stainless steel 

[0218] 

6 Housing 
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[0219] 

The cathode (Kat-hz-2) was applied to a bolt on the cathode side l '. After 

application, the separator composed of glass fibers (thickness of 0.5 mm) was placed on 

the cathode (Kat-hz-2). A small amount of the electrolyte was set to flow. The anode 

5 (An-hz-1) was placed on a wet separator. The used output conductor 5 was a stainless 

steel plate that was applied to the anode directly. Later, seals 3 and 3' were added and 

fixed with a screw, together with the test cell. By the use of the helical springs 4 made 

of a steel spring and the pressure created by the screw connection with the anode bolt 1, 

the electronic contact was assured. 

10 [0220] 

The battery of the invention was similarly manufactured based on the material 

M.3 through M.5 or the comparison material C-M. l. 

[0221] 

The used electrolyte was a 1 M solution of LiPF6 m ethyl methyl 

15 carbonate/diethyl carbonate (volume ratio of 1:1). 

[0222] 

20 

25 

30 

With this process, the battery of the invention that was tested at 25 °C, especially 

with a potential range of the battery: 3.0 V through 4.6 V, was obtained. 

[0223] 

The following cycling programs were performed: 

[0224] 

The charge 0.1 C and the discharge 0.1 C 2x 

[0225] 

The charge 0.2 C and the discharge 0.2 C 5x 

[0226] 

The charge 0.2 C and the discharge 0.4 C lx 

[0227] 

The charge 0.2 C and the discharge 0.8 C lx 

[0228] 

The charge 0.2 C and the discharge 1.6 C lx 

[0229] 

The charge 0.2 C and the discharge 3.2 C lx 
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[0230] 

The charge 0.2 C and the discharge 6.4 C lx 

[0231] 

The charge 0.1 C and the discharge 0.1 C 2x (or lx) 

[0232] 

The charge 0.2 C and the discharge 0.2 C 5x 

[0233] 

The charge 0.2 C and the discharge 1 C lx 

[0234] 

The charge 0.4 C and the discharge 1 C lx 

[0235] 

The charge 1 C and the discharge 1 C 53x 

[0236] 

The charge 0.2 C and the discharge 0.2 C 3x 

[0237] 

The charge 1 C and the discharge 1 C 53x 

[0238] 

The charge 0.2 C and the discharge 0.2 C 3x 

[0239] 

At the time of a fast discharge, the loss in capacitance in the half cell was 

extremely small. 

[0240] 

III.2. The Analysis of the Present Invention as the Full Cell 

[0241] 

Formation of the Full Cell: 

[0242] 

To form the cathode (Kat-vx-2), the materials below were mixed in a screwtop 

container: 

[0243] 

85.2 % ofM.2 

[0244] 
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8.3 % of the polyvinylidene difluoride ("PVdF") (commercially available from 

Arkema Group, under the name "Kynar Flex® 2801 ") 

[0245] 

3.2 % of the carbon black with the BET surface area of 62 m2/g (commercially 

5 available from Timcal, under the name "Super P Li") 

[0246] 

3.3 % of the graphite (commercially available from Timcal, under the name 

"KS6") 

[0247] 

A sufficient amount of N-methylpyrrolidone (NMP) was added while stirring, 

and the mixture was stirred with Ultra-Turrax® until a smooth paste without lumps was 

obtained. 

[0248] 

The obtained paste was knife-coated with aluminum foils of thickness 20 µm. 

15 The paste was dried for 16 hours at 120 °C in a vacuum drying cabinet. The loading 

after the drying process was 1.1 mg/cm2
. After drying, a circular disk part was punched 

into an area of 3 cm2
. With this process, the cathode (Kat-hz-2) of the invention was 

obtained. 

20 

[0249] 

An electrochemical test was conducted at "Swagelok" cells. The used 

electrolyte was a 1 M solution of LiPF6 in ethyl methyl carbonate/ethylene carbonate 

(volume ratio of 1:1). 

[0250] 

Separators: glass fibers; the anode: graphite; the temperature: 25°C; a potential 

25 range of the battery: 2.50 V through 4.525 V; a cycling program: 0.1 C (the first and the 

second cycles), 0.5 C (the third cycle), 1 C = 190 mA/g. 

30 

[0251] 

Results: 

[0252] 

The loss in capacitance in the full cell according to Table 1 was calculated as 

follows: the difference between the average volume after 70 cycles and the average 
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volume after 2 cycles is divided by the average volume after 70 cycles and multiplied by 

100 to obtain a loss in capacitance ("fading"). 

[0253] 

Table 1 

The Results of Loss in Capacitance in the Analysis of the Full Cell 

The Used Cathode Loss in Capacitance (%) 

(kat-vz-2) 10 

(kat-vz-3) 8 

5 Fig. 1: a schematic structure of the battery discomposed for the test of the mixture of the 

present invention 
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zJ-zJ-91 ~::zj zj;,_}91 T5'~ 7-}"11~.Q..s'._ ~r-~A'j ~~ t1J11J, oJl~ ¥°1 X--;i .§:j~ SC.~ ~;,_} .§:j~, ~~l X--;i 
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[0032] ~ W~91 ~ 7'-~oJlcJl"'i, ~ W~91 qj;:z}~ oJl~ ¥°1 DIN ISO 9277:2003-05 cJl n:J-4 oJl~i:B ~:±_ *31-cJl 91~~ 

~::z.:J-B, 0.1 1.11;:zl 5 m
2
/g 'il~91 BET .R'i'!~¾ 7}~ y ~"Ct. 

[0033] ~ W~91 ~ 7'-~oJlcJl"'i, ~ W~91 %~~ ~"11 :~:j-"~J-% (I)¾ 71~.Q.._5'._ Na, K, Rb, Cs, ~'Q-i::j _1~ .. ~-4f, Ti, 

V, Cr, Fe, Cu, Ag, Zn, B, Al, Zr, Mo, W, Nb, Si, Ga ~ Ge 91 6J 01.g-cJl"'i <ielJ-'9~ ~4f 01.g_ 't 2 ~<s% 
ol~}, ll}'ffzJ~}l11~ 't 1 ~'5% ol~}s'._ S:.:>zl~ y ~"Ct. 
q~ ~4f ol.g-.Q.._5'._ S:.:>zJ-'cl;:zl @~q. 

[0034] "S:.:>zl" ~ ~ W~91 %~ -"f'E: %'1, ~}y- 01,,_c:l-91 1;:1-lllcJl"'i, Na, K, Rb, Cs, ~'Q-?j £~4f, Ti, V, Cr, Fe, 

Cu, Ag, Zn, B, Al, Zr, Mo, W, Nb, Si, Ga~ Ge 91 6J 01.g_cJl"'i <ielJ-'9~ ~}y- ol,,_c:J-91 6Jol.g_¾ ~~ ~}y- ol 

ppm 'il~91 Y-~% 01.g_:i)- :Q~, ½W %~91 ~::(}91 _2__q'l.Q.._5'._ 'i'l~~ S:.qj~ ~~%~ ~ W~91 ~"tcJl ~°l"'i 
S:.:>zl.Q.._5'._ ;:zl~-'cl;:zl @¾ ~olq. 

[0035] ~ W~91 ~ T~oJlcJl"'i, ~ W~91 qj;:z}~ Jc]i:B 1 ~'5% 01~}91 ~Iill 01~ SC.~ 5'}~_l_;l_lcJ] 01~~ ±-W~I:t. 

[0037] 

~ W~91 SC. "Ct~ T~ oJlcJl"'i, ~ W~91 %~~ qJ9191 ~½7}~~ lll¾91 ~Iill 01~ ~/SC.~ 5'}~_l_;l_lc]] 01~~ 
~~1 ~~9-. 

[0038] "~~~_Q_s'._ 7'-"11" ~ ~ W~91 qj;:z}7} ::zj~~l 7'-"11°17-14 %"2- ",VJ¾ ~~q~ ~¾ 91u]~}~ ~_Q_s'._ 01~~-'9 
'9, 0 1<'-i~ 7<!-9-- 3cJi:B ;:zJ~cJl"'i91 zJ7<J ~ Jc]::-;-_ ;:zJ~cJl"'i91 zJ7<J~ "'is'._ 10% 3::.:ij-s'._ ,,_c:l- 01~};:z] @q. 

[0040] ~ w~91 ~ 7'-~oJlcJl"'i, ~ w~91 qj;:z} 91-¥- .R'i'!91 5% onol ¾-'f-_2__,;}ol'=-5'._ -21%!~1:t. 01~ liJif ~k 
¾ 91u]~q. ll}'ffzJ~ 7'-~oJlcJl"'i, ~ W~91 qj;:z} 91-¥- .R'i'!91 10 1.11;:z] 90% 7} ¾-'f-_2__?}01'=-_5'._ :4Jli~q. 

:4Jlii::j;:z]~ oJl~ %°1 %~;:z} ~%711 (XPS) SC.~ ~;:z} ~u]7<J (SEM, TEM) cJl 91~~ ~::zj~ y ~"Ct. 

1B 0n ~4f91 ~~ ¾-'f-_2__?}01'=-, ~ Ni, Mn~ Co cJl"'i <-!ell-'cl~ ~}y- 01AJ ~4f91 ~"'l¾-'f-_2__?}011=.cJl"'i ,;i 

elj~q. _LiF, NiF2 , CoF2 ~ MnF2 cJl"'i <ielJ-'9~ ¾-'f-_2__?}01'=-7} ll}'ffzJ~}q. 

[0043] ~ W~91 ~ 7'-~oJlcJl"'i, ~ W~91 qj;:z}~ ¾-'f-_2__?}01'=-91 ~~%, oJl~ ¥°1 LiF, NiF2 , CoF2 , MnF2 ~ Ni, 

Mn ~ Co cJl"'i <-!ell-'cl~ ~}y- 0lAJ ~4f91 ~"'l¾-'f-_2__?}01'=-cJl"'i <-!ell-'cl~ % 0n91 ¾-'f-_2__?}01'=-_5'._ ~"11 SC.~ 

-¥-~ 51_ 1%! ~ q. 

[0044] ~ W~91 ~ 7'-~oJlcJl"'i, ¾-'f-_2__?}01'=-(%) ~ ~ W~91 qj;:z} 91-¥- .R'i'! ,,_JcJl 1;:1-~ ~::zj91 ".'lE1l, SC.~ e1::za~ 
sc_~ ~::<j~ %91 ",;jf1ls'._ ll~~~q. 

[0045] ~ W~91 ~ T~oJlcJl"'i, ¾-'f-_2__?}011=.~ ~ W~91 qj;:z}91 91-¥- .R'i'! AJcJl ~A~~}Y-, 7l~cJl~ ~A~~};:z] @~ 
"Ct. ~ W~91 SC. "Ct~ 7'-~oJlcJl"'i, ¾-'f-_2__?}01'=-~ 91-¥- .R'i'! ,,_JcJl ~-"~~ ¥- 0}L]i;} ~ W~91 qj;:z}91 71 
~cJ], ~~1 -"➔l 1 qj;:z}91 %~.Q.._5'._ 'i'l~~ %?11~ 7l~cJl ~A~~q. 

[0046] ~ W~91 qj;:z}~ +½~}61, 6d'~~ ~AJ¾ ~~ ~;:z]~ -"➔15'~ y ~"Ct. _l_;l_q ~~], ~~~ (I) 91 ~~% 
_5'._ -"il5'~ ~;:z]7} 3.0 V 1.11;:z] 4.6 V cJl"'i ?1~ -'/al::-;:-_cJl i:B~~ "'}01~"3-'9~ 7<!-9-- ~~ tiJ~ %<s¾ 7};:z]uj, W'i:l-

- 6 -
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~llot21t [_g~ '[[;:c~%(-&-) -i}~{L'.~-c;, lwto [lo~%(-&-) ~b-[2-¾{'>". ~:fl ~Hu~ '~lo% 'fo% ¾[lo ~[[;:c~% 
-&- ~:fi [[;:c~% rtf'i ~ '[[;:c~%C-&-) -w-~ ~ · ti B,181¥ kllo[[;:c~%C-&-) [L'.¾ ~lfi{_glz{H:i ~[fl'.'~~ -w-~ ~ [s9ool 

·tiloft~ 1:01 ['>".fti- 1:001 ~lfi{S?[z-8,{R '1:s ['>".fti- 1:ooz 

~[Rtk% tol'z¾ ¾~-::;:cf'i_ 'l"/:SR [L'.R lb {'>".Fo to~ifl it 'kllo-l::=-R to~ifl it 'kllo[lo R,-& -i} to~ifl it [0900] 

"{:iB,[w[o 20/'L ~{S?[nto ¾i"z:~ yf'i_ f" 
-tzg FH')/ Z -w-rt% tik{S?rt% tok ~~ ¾~-& -i}{Y¾ ti,:~ ln:[t;or rtf'i ~ln:[t;or 'kfofo [lof;ik,:, to~ifl it [6<;00] 

-b B, [<> -c;, [lo{->? ~)/ ~ 
to 1N ~lfi{_g[z-8,{R ~:fl OJ 'a!:[ fo% ¾[lo 'Hu~ lwir ~lwir to (%)¾~-N ¾~-yf'i_ fYifl~ 'kllo[loR,-& -i} [:-;~oo] 

"-blob!,~ to['>".{2 seq 01 ~lfi{_g[z-8,{R 'seq 001 ['>".fti- fo 
·tilo aoos ['>".fti- oos ~lfi{S?[z-8,{R 'aoo01 ['>".fti- oot fo 

% ¾llo ~:S~ -w-~~ -w-ft ¾lwir ·tilo¾~-i" to~~llo t,-::;:::f't-N-tvrt ~¾~-i" :::;:;{,,:: -w-~~ it-b :fi 

·tito -c;, ~lwir llo{S? ~)/~ to-::;:::rz fo% ¾llo ':::;:;{,,:: toke} ~:fi/[h -::;:c-c;, fo% ¾llo 'lf,'.Po--m: to-F,lo f-i{_g ~:::;:; 
{L'. fY~ fo% ¾[lo '¾~-i" to¾~-N yf'i_ fYifl~ ~:fi '~~[lo ~:fi ~~Ho '-::;:cf't-N-tvrt ~:fi f'illn fo% % 

. -b 

[oft~ uru OOS ['>".fti- uru 001 ~lfi{_g[z-8,{R 'ww 1 ['>".fti- uru 01 {L'.[or,: ~R-M:-=<i'f-i yf'i_ 'k[lo[loR,-& -i} to~ifl it [<;<;OO] 

"-blob!,~ uru sz ['>".fti- 1 ~lfi{_g[z-8,{R 'uru OS ['>".fti- v·o lo~[z ~R-M:-=<i'ti yf'i_ 'kllo[loR,-& -i} to~ifl it [v~oo] 

·tito fo[:S~l'.'[L'. lwto [lo% ssar ·v kllo [001 

-t6 '8L '90oz ,rm1pa1 1namailur a1wal(J] fo% ¾[lo ~fY~ -½rt lh ~-ft1 ~[fl'.' tolo ·tifo ~~.:1-0 20~ 
M'>". {L'. (lNJ J\\W) R-M:-=<i'ti yf'i_ l:R%-b ~lfi{_g[z-8,{R [Cl (lNJ J\\S) R-M:-=<i'ti yf'i_ l:R-rtfi fo% ¾[lo '(lNJ k 

[s,;ool 

·pro ~ ~~~~ lb~ ~¾ i}{k lo¾~ir 
· µrs ~ ~-w rr ~lL Ho ~~ ~lto , lL %-W-Y-tv ~:fl ¾-W-~ %-W-Y-tv ~:fl 

~~-[v lh lr.,¾ ~~Ho 'tr.,¾ (JBWJal(l) ]',',~w 'tr.,¾ (aWB!J) ~[f2¾ '(}(JBJq aJBUJTIJ) ::;:;[-if§ 'tr., 

¾ :ii[[\, 'fo% ¾llo ~tr.,¾ it{.f ·tilolr.,¾ it{.f ~l'z¾ ¾~-::;:cf'i 'i"y:SR [L'.R 'kllolloR>.-& -w- to~ifl it l1~ool 

·tito -c;, ~[¥['>". 2 C8) -::;:cf'i k 

· -b fo -c;, ~ 181¥ k [lo¾~ -i" to-F,lo H1 

· -b-w- i"d" ¾-½ rt to [fl'.'? to ~if[ it 2['>".{L'.-~{r1 ~l[;:c~ w -w- ~.:i lo · -b fo 
-c;, ~&E' 2l'z¾ ¾~-::;:cf'i_ 'i"y:SR [L'.R fo% ¾[lo 't2tC:: ~{'>".Fo to~ifl it 'fo% ¾[lo "-bB,%{Y k 
2[[;:c~-\;, ~~ ¾l'z¾ ¾~-::;:cf'i_ 'fY:SR [L'.R kllo-l::=-R to~ifl it ~{'>".Fo to~ifl it 'kllo[lo R,-& -W- to~ifl it [61700] 

·ti-w- ~op;,{l':~ A s·s ~ 

ftR R-ft1 ~flI 'kllo&¾ ~l'.'t@ to 2/VW sz tol'z¾ to~ifl it '{o% ['k-g[o{Y kllo A 9"t ['>".fti- A o·s lwlb [loY 
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i,11_, ¾i::16}3. "@-5'._ Lj ~ "@, ¾i::l~E}q q1l_, ¾i::1.::':::E-1 i,1!, ~ cJl ~ i,1!, E=x~ i,11_, .::'::: E-1 i,1!, ( D11~)6}3. "@-5'._ L] ~ "@ ~ 

1,3-~E}qq1]cJl"'i <iell.1cl~ % 6lAJ91 ~1;:l.-28'"1191 ~~~"1lcJl"'i <iell~ y ~"Ct. ¾?jE:s'._~i,1) 61 SC.~ ~~ 

~}q. ¾?161::-;:-_E=.i,1) ~ ¾?j6}3."@l1l61~7} 4'-7}~.Q..s'._ ~~~}q. ¾?j6}3."@s'._Lj~"@61 ll}'ffzJ~}q. 

[OOMJ ~ w~91 ~"tcJl ~°l"'i, ¾i::16}3."@s'._L]~"@~ ¾i::16}3."@s'._L]~"@ 1;:l.-~~~"11 ¥- 6}L14 6}3."@-5'._L]~"@:i} 

1,3-~E}qq1l_ SC.~ .::':::Eji,1!91 ~~~"11~ 91u1~}~ ~_Q_-5'._ 6M~4. ¾i::16}3."@s'._Lj~"@ 1;:l.-~~~"117} ll}'ff 

zi~}q. 

[0065] ~ W~91 ~"tcJl ~°l"'i, ¾i::lcJl~i,1!~ ~Y¾i::lcJl~i,1! ¥- 6}L]i;}, 50 mo!% 6n91 ~~~~ cJl~i,1! ~ 50 

mo!% 61~}91 ~}L} 6l,,_J91 4-7} ~1;:l.-28'"11~ ±-W~}~ cJl~i,1!91 ~~~"11, oJl~ ¥°1 u-%l1l:>t! oJl,t!i:B c':':s'._~i,11_, 

~~i,11_ (1-~1ill), 1-~,ill, 1-~1ill, 1-i:1l,ill, l-S:.i:1l,ill, Hill1ill ~ SC.~ 6l::-;:-_~1i:l), llllgtij-t,-J~, oJl~ ¥°1 
.::':::Eji,1!, ~ SC.~ (D11~) 6}3."@~, llllg 6HlF1] 6l~, llllg c':':s'._.srj_2__lc]] 6l~, (D11~) 6}3."@~91 CcC10-~~ cJl.::':::F1] 

~, ~~l D1l ~ 6}3. "@ l1l 61 ~, D1l~ D1]E}3. "@ l1l 61~, cJl ~ 6}3. "@ l1l 61 ~, cJl ~ D1l E}3. "@l1l 61 ~, n-~~ 6}3. "@ l1l 

61~, 2-cJl~~~ 6}3."@l1l61~, n-~~ D1]E}3."@l1l61~, 2-cJl~~~ D1]E}3."@l1l61~, ~ SC.~ ~l1l~, ~l1l~ 

[0066] ~ W~91 ~"tcJl ~°l"'i, ¾?jE:-5'._~i,1)~ ~Y¾?jE:-5'._~i,1) ¥- 6}L]i;}, 50 mo!% 6l,,_J91 ~~~~ c':':-5'._~i,1) ~ 

50 mo!% 61~}91 ~}L} 6l,,_J91 4-7} ~1;:l.-28'"11~ ±-W~}~ c':':s'._~i,1)91 ~~~"11, oJl~ ¥°1 cJl~i,11_ ~ u-%l1l:>t! 

oJl,t!i:B ~~i,11_, 1-~,ill, 1-~1ill, 1-i:1l,ill, l-S:.i:1l,ill ~ Hill1ill% 91u1~}~ ~_Q_-5'._ 6M~4. ¾?jE:-5'._~i,1)~ 

ll}'ffzJ~} 711~ 61::-;:-_ elj "16]7-j L} ~~ ~ _Q_-5'._ 61 :±_ elJ"l 'i'l ¾?1 c':':-5'._~ i,11_ 61 q. 

[0067] ~ w~ 91 ~"tcJl ~ °l"'i, ¾i::1.::':::E-1 i,11_~ .::':::E-1 i,1!91 ';:].-~ ~~"11 ¥- 6}"Y 4' 6}3. "@-5'._Lj~"@, 1, 3-~E}t::1 q1l_' 

( D11~) 6}3. "@~, ( D11~) 6}3. "@~91 CcC10-~~ cJl .::'::: F1]~, t::1 el lg ~",il, ~~l 1, 3-t::1 el lg ~",il, 1, 2-t::1 Iill lg cJl ~ i,11_ 

[0069] q~ ~~~ ~~.:<11~ ¾i::lcJl~i,11_ ~"'l'=- (PEO), ",l~-5'.__2__.::':::, 5'}~~"'1D1l~",l~-s'.__2__.::':::, ¾i::1 6lu]1=. ~ ¾i::lllllg 

~5l%cJl"'i <i elj~q. 

[0070] ~ W~91 ~ T~ oJlcJl"'i, ~~.:<11~ lij-;? ~;;z}23' Mw 7} 50 000 1-11_:;zl 1 000 000 g/mol, ll}'ffzJ~}l11~ 500 000 

g/mol 77};;zl91 'il-'i'l'i'l 61% (~)~~"1lcJl"'i ,;ielj~q. 

[0072] ~ W~91 ~~1 ll}'ffZl~ T~oJlcJl"'i, ~~.:<11~ ~s'._:{11~ (~)~~"11, ~~1 ~:±_~ (~)~~"1lcJl"'i ,;ielj~q. 

~s'._:{11~ SC.~ ~:±_~ (~)~~"11~ ~;;z} 'i:l- ~}L} 6n91 ~s'._:{11 -'tl;;z} SC.~ ~}L} 6n91 ~:±_ -'tl;;z}~ ~~' 

ll}'ffZl~}l11~ ~;;z} 'i:l- 2 1B 6lAJ91 ~s'._:{11 -'tl;;z} SC.~ 2 1B 6n91 ~:±_ -'tl;;z}~ ~~ ~}L} 6lAJ91 (~)~~~ 

(~)1;:l.-28'"11~ ±-W~}~ 61% (~)~~"11~ 91u]~}~ ~_Q_-5'._ 6l~~~q. 

[0073] i oJl~ ¾i::lllllg ~s'._?}611=., ¾i::lllllg?ji;,l ~s'._?}611=., ¾i::1F1]~i;}¾-'f-_2__5'._cjl~i,1!, ¾i::lllllg?ji;,l ¾-'f-_2__?}61 

'=- (PVdF), F1]~i;}¾-'f-_2__5'._cjl ~ i,1)-~"'}¾-'f-_2__5'._E:s'._~ i,11_ ~~~:,Jl, lll lg ?j i;1} ¾-'f-_2__?}61'=--~"'}¾-'f-_2__5'._E:s'._~ 

i,11_ ~~~"11 (PVdF-HFP), llllg?ji;,l ¾-'f-_2__?} 6l1=.-F1]~i;}¾-'f-_2__5'._cjl~i,1! ~~~"11, §J¾-'f-_2__-5'._~~ llllg cJlF1]~ 

~~~:,Jl, cJl ~ i,11_-Fj]~i;}¾-'f-_2__5'._cjl ~ i,11_ ~~~:,Jl, lll lg ?j i;1} ¾-'f-_2__?}611=.-~s'._-5'._~ ?j ¾-'f-_2__5'._cjl ~ i,11_ ~~~:,Jl 

~ cJl~i,1!-~s'._s'._¾-'f-_2__5'._cjl~i,1! ~~~:,Jl6lt:}. 

[007,1] ~~~ ~~.:<11~ ~~1 ¾i::lllllg ~51.% ~ ~s'._:{11~ (~)~~"11, oJl~ ¥°1 ¾i::lllllg ~s'._?}611=. SC.~ ¾i::lllllg 

?ji;,l ~s'._?}611=., ~~1 ~:±_~ (~)~~"11 oJl,t!i:B ¾i::lllllg ¾-'f-_2__?}611=. ~ ~~1 ¾i::lllllg?ji;,l ¾-'f-_2__?}611=. 

~ ¾?jFj]~i;}¾-'f-_2__5'._cjl~i,11_6lt:}. 

[oo75J ~ -=r-~ oJlcJl"'i, ~ w~91 ~~cJl"'l ~71 ~S:.,,_a, lfr::-;:-_w% ¾~~ i?1J.sIJ~, 5'}~ ~"1J, lfr::-;:-_ 4-"=--'Ff-_!:l__, i?1J 
:>t! SC.~ AJ~~ %~ ~ 2 1B 61AJ91 ~~¾cJl"'i ,;ielj~q. 
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"{:1[03[0 

lrt1i2{.f ~[lob [h 3[o[rt1i2{.f ~lln ~[lo '3[o[rt1i2{.f ~llnb ~[lo rc,3[o[rt1i2{.f [L'.¾ F,e-g[Y[R -i}~~ [<;600] 

. -b 

[of'-t [lo [Y~[lo b-1 '1 lh f'-t [lo [Y~[ln b-1 '1 'f'-t lln [Y~ [lob 'f'-t lln [Y~[ln b lb "fi: [lo ~[lo to-& Ho F,e-g [Y [rt -i}~ ~ [·c600] 

· -b {-<?-[z-8,{rt l of'-t [lo [Y~ [lo b-Z '1 'IT l of'-t [lo [Y~ 

[lob-Z'l 'f'-t[lo[Y~[lnb-Z'l '2[f1[lo ~.1,--U-b '2[f1[lo l\'t2:rry[ob lb"fi:[lo '~[lo rc,2[f1[lo F,e-g[Y[R -i}~~ [1600] 

· -b lo 

¾ [2-2 ~ [2;-0 l21t B,fkf,:--£c lo lw to llo ~ llo ~:fi ~ lln ~lfi{-<?-[z-8,{rt ~¾ [2-2 ~ [2;-0 l21t · -b fo -c;, ~~ rt 

2[[1 f-2- B,~%-&- ¾¾ [2-2 ~ [2;-0-'J-1J lo -t'<,[o f-i{_g rc,{-<?-[o % ]OW OZ ~¾ [2-2 ~~[lo l21t %lo · -b [o¾ [2 

-2 ~ ~llol21t [-<?-~ [Cl ¾[2-2 ~ [2;-0-'J-1J-l21t ~lfi{-<?-[z-8,{rt '¾[2-2 ~ [2;-0l21t [-<?-~ ~llo rol[;:c~-£c -w-~~ [:-rnool 

"{:i-i}~rt ¾lin% fY-c;,[R lo-t'<,[o f-i{_g 

~[:s[8"[y k[lo3[o[rt1i2{.f [L'.¾ F,e-g[Y[R ~:fi F,e-g[y [h -&Ho F,e-g[Y[R [h F,e-g[y '2[f1[lo F,e-g[Y[R ~:fi 

Be-g [Y '[[;:c~-£c ~lfi{-<?-[z-8,{rt '~ fo -c;, rt [[;:err ~:fi [[;:c ko k [lo~~ ~ lz: R to ~if[ it 'k [lo [lo R>.-& -w- to ~if[ it lu,ool 

fo -c;, ~~rt¾&-&-{-<?- [Cl .k-~11 ¾loll£ -w-:fi [Cl 'C&~lf,'. 2o_g.~ ~:fi ~_g. fo% ¾llo) [[;:c:S ~-tv '[L'.t2if 

'Hu% fY-c;,[R 'fo fY:SR fo% ¾[lo 'iri"Yi°Y-,l:- rc,{L'.-c} '2{L'.-c} [lo-l::=-R rc>~ifl it [h =i-=<i'Ho ~[z:R rc>~ifl it [9800] 

"{:ifo -c;, rt=i-=<i'Ho 3[o[[c-L{3.l3 *[2 ~:fl =i-=<i'Ho y-/:L '-::;--=<;-Ho* 

t2 '-::;--=<;-Ho 3[E[l;or [-'?-~ '-::;--=<;-Ho yf'-t fo% ¾[lo 'rr[:src,i"z: k2=i-=<i'Ho kfofo [lof;ik,:, rc>~ifl it ~lo '~{-'?-

lVilOO] 

lssool 

·ti-w-~rt ¾ C¾fo -c;, ~-N~t2~ tikl:st2tc::ln) %1\'t 2lf1:::;::c[lol21t fo% ¾[lo '% 
l\'t [[;:c~-£c ~:fi 'rt~ -&-[11,!,-0 [-<?-~ 'rt~ ~_g. fo% ¾llo 'rt~ ~-l::=-R to~ifl it 'kllolloR>.-& -w- to~ifl it lu,ool 

. -b{-<?-[z-8,{rt 

[o/'L ~[.f[Yi°Y-& kllofti- ~-t'A ~~ ¾[tu-½ loft~ wrt 0[1 [z:fti- OZ ~lfi{-<?-[z-8,{rt 'wrt OSZ [z:fti- wrt 

[rnool 
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(II) 

(Ill) 

[0097] 

[0098] [~ ~' 

[0100] 

[OJ Ol] 

[0102] 

0 1:±_E:_5'._~, n-~~' 0 1:±_~~' sec-~~ ~ tert-~~oJl"'i ,;ielj.1c].:il, 0 ]u:J1 R
2 ~ R

3 ~ ll}~zj~}l11~ % YT 

tert-~~ ol o}\J]. 

(IV) 

[0103] %u~rn-) ~ ll}~zj~}J1l~ lj'-y ,,_JE1J, ~' oJl~ %°1 'Q- .sijAj (Karl Fischer) ~::z,:JoJ] 91~~ ~::zj7}~~' 1 ppm 

1.117-l 30 ppm 'il~ (ppm~ ~2s ppm% 7-l~W) 91 % W"s¾ ~~ ,,_Jf1ls'._"'i ~i:'.~Aj ~~ ll}s'._ "'}%~"Ct. 

[0104] 

~~~ i:'.j~ ~91 oJl~ LiPF6, LiBF4, LiCl04, LiAsF5, LiCF3S03, LiC(CnF2nnS02)3, i:'.j~ 0 lul1=. oJl't!i:B 

LiN(CnF2nnS02)2 ( 0 lu:J1, n ~ 1 1.117-l 20 'iJ~91 ::zjyqJ), LiN(S02F)2, Li2SiF5, LiSbF5, LiAlCl4, ~ ~~~ 

(CnF2nt1S02)mXLi 91 ~ 0 1~, 0 ]u:J1, m ~ ~}715'} :Qol ::zj91~q: 

[0108] ll}~zj~ ~S:.,,_a ~~ LiC(CF3S02)3, LiN(CF3S02)2, LiPF6, LiBF4, LiCl04 oJl"'i ,;ielj.1c]~, LiPF6 ~ LiN(CF3S02)2 

7} ~~l ll}~zj~}q. 

_Q_s'._ ~~1 ~~~ %~~ ¾i:'.j%l1l:>t1_, ~~1 ~~ <5_;jf1ls'._91 q~AJ ¾i:'.joJl~i,11_ ~ ~~ <5_;jf1ls'._91 q~AJ ¾i:'.jE: 

_5'._~i,11_olq. 

[0110] ¾i:'.j%l1l:>t1_, ~~l ¾i:'.joJl~ i,11_ SC.~ ¾i:'.jc':':_5'._~i,1).Q.._5'._ 'i'}-%oj~ ~i:'.j7l~ 35 1.117-l 45% 'iJ~91 q~S:.~ 7}~ y 
~"Ct. ~~~ 71~ zJ7<J~ oJl~ ¥°1 30 1.117-l 500 nm 'iJ~ 0 14. 

[011 l l 
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V 3::.Jl}cJl"'i ?1~ -'/al::-;:-_cJl i:ii~~ "'}0l~'i'J.1c]~ 7<!-9-, ~ W~91 ~7-17} ~~ tiJ~ %i's¾ ~.:il, ,,_J7l ~ W~91 ~ 
7-l~, ~;z~~q~, "'}ol~'i'J %'1 ~~cJl ~°l"'i 1;:].-7-l u~-9- ~~ 7c}::-;:-_'i'}¾ L}E}i,J!q~ ~ol ~~~"Ct. 2.5 

V 1.117-l 4.55 V cJl"'i, ~ ~ W~91 %~91 95 mA/g 91 ~;z~ %2scJl"'i "'}01~"3 %'1 lijif tiJ~ ~~~ 3.5 V 3::. 
Jl}etjo]: ~"Ct. 

~ w~91 ~7-1~ "'is'._ 5'~~ "r ~.Q..uj, oJl~ ¥°1 zJ'i'[-5'._ '?1~.'c17-1L} 'jcj'i'[-5'._ 'ti~~ "r ~4. 
01 ll}'ffZl~}q. 

[01101 ~ w~~ 7:J~L ~~1 _2_e}~ 7:J~lcJl"'i91 ~ w~91 ~7-191 %5:.~ 4-7}5'._ ;z➔l~~cr. _2_e}~ 7:J~l91 oJl~ 
7-}%~} (motor vehicle), oJl~ ¥°1 7-}%~} (automobile), 7-}~77, ~~71, SC.~ y~ 7:J~l (water vehicle) 

oJl,t!r]1 -1t.~ SC.~ <i'4°1I:t. Yll}~ 7:J~l91 "Ct~ oJl~ 'T'-%.Q..-5'._ %zJ 0l~ ~%, oJl~ ¥°1 ~-ff-i:ci, ~~l ¾ 
i:i1% ~-ff-i:ci, ~~71, SC.~ oJl~ ¥°1 z!~ ~ 0]:cJl"'i91 ~71 %% (power tool), ~~l '=-"@, ll~i:cM-%"1 '=-"@ 

SC.~ ll~ i:cM-%"1 ell :4 (tacker) 0 1 q. 

[Ol:20] (I) 

[0121] [~ ~' 

[0L,3] b ~ 0.25 1.117-l 0.45, ll}'ffzJ~}l11~ 0.37 1.117-l 0.42 'iJ~91 y 0l.:il, 

[0]24] c ~ 0.15 1.117-l 0.25, ll}'ffzJ~}l11~ 0.17 1.117-l 0.22 'iJ~91 y 0l.:il, 

[0125] d = 1 - b - c ol.:il, 

[Ol:27] 1.8 +a:<:: z :<:: 2.2 + a qJ],~ 

[013,1] ~ W~cJl n:J-~ tiJ11J91 ~ 1i1!".'lcJl"'i, ~ W~91 qj;,_}, i:fr::-;:-_ (B) ~ ~~;z➔l (C) ~ ~ 1;:1-lllcJl"'i, oJl~ ¥°1 ;Q 

(mill) cJl"'i, ~~l ~ ;Q (ball mill) cJl"'i ~~~"Ct. 0 1+, 0lcJl n:j-i;} y~7}~~ ~~%~ '4%cJl"'i 
"f}:,ll, oJl~ ¥°1 ~4-f ~~ SC.~ ~~"11 ~~ (D) cJl ~%~4. ~7-lcJl ~qj~}7l ~ SC.~ ~q]Al, 15"11~ 
;<➔17-1~ "r ~"Ct. q~ 1i1!".'lcJl"'i, 15"11~ -1t.%~4. 

oi ;Q cJl "'i , ~ ~1 ~ ;Q cJl "'i ~ ~ ~ 4 . 
"Ct. i 0 1+ ~~;zil (C) 9t ~~~"Ct. 

oJl~ ¥°1, ~ W~91 qj;,_} ~ i:fr::-;:-_ (B) ~ "'is'._ 'i':\7-1 ~~~ 'T' ~ 
ol+, olcJl n:j-i;} y~7}~~ ~~%~ '4%cJl"'i 15"11, oJl~ ¥°1 

~4-f ~~ SC.~ ~~"11 ~~ (D) cJl ~%~"Ct. 
q~ 1i1!".'lcJl"'i, 15"11~ ;z➔l7-1.'c17-l @~q. 
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[0J36] ~ W~cJl n:J-~ tiJ11J91 ~ 1i1!<5,;JcJl"'i, ~ W~91 qj;:z}, lfr::-;:-_ (B) ~ ~~-"il (C) ~ % SC.~ %71 %u~ ( oJl~ % 

°1 N-D1l~.sIJ~i::1.g. sc.~ 6Hl-E) ~cJl"'i ~~~4. c]cJl n:J-4 'T'-~7}~~ ~ietQJJ~ '4%cJl"'i "fPll, oJl~ % 

oj ~4-f ~~ SC.~ ~~"11 ~~ (D) cJl ~%.1c].:il, %u~~ ~ ;'zMcJl 91~~ -"➔17-1~4. ~;:zlcJl ~qj~}7l ~ SC. 

~ ~q]Al, 15"11~ -"➔17-1~ "r ~"Ct. q~ 1i1!<5,;JcJl"'i, 15"11~ -"➔l7-1.1c];:zl @~q. 

[0138] 71711 ~ '1::<,J/-j¾ <5,P·JAl :1]71 ~~~Ai' ~~~ ~ ;'zM.1c]774 ll}'ffZl~}l11~ 71711 ~_Q_-5'._ ;'(M' oJl~ ¥°1 'il-~.1c]77 
4 "'i'tlr:7"3 (calendering) ~ y ~"Ct. 

[ol4oJ ~ w~~ sc.~ ~}71 ~~~ o) 91 ~t4 6l,,,J91 ~~ ~~¾¾ ±-w~t~ qi;:z} (,,,J7l qi;:z}~ ~t4 6l,,,J91 ¾-'f­
_2__4c11=.s'._ ~"11 SC.~~~ -21%!~), ~ ~}4 6l,,,J91 ~71 ~S:_AJ, i:fr::-;:-_w% %~ (SC.~ i:fr::-;:-_ (B) -5'._ Al~W) 
% ¥_WO}~ ~~~l½ A➔l~~q: 

[OJ4l] (I) 

[0144] b ~ 0.25 1.11;:zl 0.45, ll}'ffzJ~}l11~ 0.37 1.11;:zl 0.42 'iJ~91 y 6l.:il, 

[0145] c ~ 0.15 1.11;:zl 0.25, ll}'ffzJ~}l11~ 0.17 1.11;:zl 0.22 'iJ~91 y 6l.:il, 

[0146] d = 1 - b - C 61.:il, 

[OJ 48] 1. 8 + a :<:: z :<:: 2. 2 + a qJ ] . 

[0150] ~ W~91 ~ T~oJlcJl"'i, ~ W~91 ~~"1lcJl"'i, ~ W~91 qj;:z} ~ i:fr::-;:-_ (B) ~ 98:1 1.11;:zl 12:5, ll}'ffZl~}l11 
~ 48:1 1.11;:zl 7:2 'iJ~91 ~i'sllls'._ ~-"~~"Ct. 

[0151] 

[0152] 

~ W~91 ~~"11~ ~ W~91 ~~ %~91 -"➔l5'cJl ~~l ~~~}4. 
u}%7};:zls'._ ~ W~91 7'"-"il ~~~ <5,;jAj~q. 

W~cJl n:j-~ ~AJ t1J11J~ ~l'=-~"'l'=-, 5'}~_l_;l_lcJ] 6l~, ~Al~l'=-~"'l'=- SC.~ L-1~, uJ::j ~ 5lW~91 ~7Va 5'}~ 
_l_;l_tj]cl~~ ¾-'f-_2__t}cl'=- ~ ~}4 cl,,.J91 ?j~ ~91 ~-"~ ~}cJ] ~}:±_W.Q..-5'._l,\l y15]~ y ~"Ct. 

[0153] ~~], i ~:'z}~ 'i':!;:z-1 ~ 61 ~4-f Ni, Co ~ Mn¾ -'/al~}~ lll¾-5'._, i?j.:il S:."'{[~(%) ~ qJ91s'._ ±-W~}~ ~T 
"11~ -"➔15'~ + AJ7l 71-"~~ ll}5']- 7c/-6l ~}::-;:-_~}~ ~~ y ~"Ct. ll}'ffZl~ 1i1!<5,;JcJl"'i, ~:'z}~ ~7Va~ y ~ 
~ ~~ 5'}~_l_;l_lcJ] 6l~, SC.~ ~~ ~"'l~l'=-~"'l'=-91 {l~cJl 91~~ ~7'-"11~ -"il5'~}~ ~ 611:t. -"il 2 

1;:l-71lcJl"'i' ~~~ 'i':\A-1 ?1~ ~~%, ll}'ffZl~}l11~ ~}4 6l,,,J91 ?1~ ~' oJl~ ¥°1 y~~i::1~ SC.~ _l_;l_q ll}'ff 
z]~}l11~ Li 2C03 :i}, i?j.:il ~}4 6l,,.J91 ¾-'f-_2__?}61'=-54 61-'f-°l~I:t. 61+ ll}'ffzJ~}l11~ 875 1.11;:zl 950°C cJl 

"'i 3 1.11;:zl 12 "'l::U: %'1, oJl~ ¥°1 ~71 ~~ ~M ~}::-;:-_~ ~ 15]~4. 

[O 155] ~ W~ 91 ~ 7'-~ oJl cJl "'i , <-!ell~ ¾-'f-_2__ tt6 l '=-~ ~ Y '5- ¾-'f-_2__ tt6 l '=- sc.~ ~ Y '5- ~l 1=.s'._:{11 t::1 ¾-'f-_2__ tt6 l '=-, 
EE~ ~y~ ¾T-2-i:} 0 1~ ~ ~y~ Ol~S-~r:l¾T-2-~ 0 1~~ ~~% 0 19-. 
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[0161] 0 191 A}% ~oJl, Al~ Li 2C03 ¾ 16 Al::QoJ] ~~ 105°C oJ]Ai z!5'Al't[ +, "1l~oJ] 91~~ 50 µm 3::.:il}91 zJ7<J¾ ~ 

~ qj;z}~ -"➔l7-1~};;J,q. 

[0163] 55°C oJ]Ai, '?14:f 1tl-%7] 1.11oJ]Ai 3 1.11;:zl 18 Al::Q91 "1lff- Al::QoJ] Ac:l-%~}~ ~'i:r 4:f S:.-5'._, zj'i'[~] JJLlfr~}~Ai 

NiSO4, CoSO4 ~ MnSO4 91 %QJJ:il} ~YL] 0 } ~ NaOH 91 "?-%QJJ¾ 5'~~}<:tj, Nio4Coo 2Mno4(OH)2 ~ 1j7}~};;J,q. 

[0165] II.1. ll]JiI.% %~ C-M.1 91 -"i]5' 

[0166] NCM-424, Li/~4:f =1.13 

[0169] 

[0170] 

[0l 7 l l 

[0172] 

4 A]::joJ] ~~ 675°C oJ]Ai 7}~~};;J,q. 

3°C/~.Q..s'._ ~7}A]3;l_q. 

6A]::joJ] ~~ 900°C oJ]Ai ~}:±_~~"]~};;J,q. 

Al37I:t (100 1/h). 

~}:±_ ¾ ii_ +, 0. 5 K/ ~91 i-J zJ- 4f S:.-5'._ i-J zJ-~};;J, "Ct. 
~oJ] ~:±_ ~}oJ] _l_;l_~~};;J,q. 

[0174] NCM-424, Li/~4:f = 1.13, 0.02 mol 91 F 

~~};;J,q. i +, o]oJ] n:j-i;} y~7}~~ ~~%¾, ~}7] .g-5:. E=XTI}~¾ ~"]~}Ctj ~7] ~} DJ¾ §JL.j.::':::oJ] 

[0176] 

[0177] 

[0]78] 

[0179] 

Ai ~}::-;:-_A]3;l_q: 

4 A]::joJ] ~~ 675°C oJ]Ai 7}~~};;J,q. 

3°C/~.Q..s'._ ~7}A]3;l_q. 

6 Al ::joJ] ~~ 900°C oJ]Ai ~}::-;:-_~ ~ 15]~};;J, q. 

Al37I:t (100 1/h). 

~}:±_ ¾i£ +, 0.5 K/~91 i-Jzj- 4:fS:.-5'._ i-Jzj-~};;J,q. 

~oJ] ~:±_ ~}oJ] _l_;l_~~};;J,q. 

[0l8l] NCM-424, Li/~4:f = 1.13, 0.1 mol 91 F 
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~~};;J,q. i +, o]cJ] n:j-i;} y~7}~~ ~~%¾, ~}7] .g-5:. c':':-5'._TI}~¾ ~15]~}<:tj ~7] ~} DJ¾ §JLj.::':::cJ] 

"'i ~}::-;-_Al 3JA : 

4 "'l::U:cJ] ~~ 675°C cJ]"'i 7}~~};;J,q. 

3°C/~_Q_s'._ ~7}"'13JA. 

6 "'l::U:cJ] ~~ 900°C cJ]"'i ~}::-;:-_~ ~15]~};;J,q. 

"'l 3JA (100 1/h). 

~}::-;:-_ ¾i£ +, 0.5 K/~91 1-fzj- 4:fS:.-5'._ 1-Jzj-~};;J,q. 

~cJ] ~::-;:-_ ~}cJ] _l_;l_~~};;J,q. 

[0188] NCM-424, Li/~4:f = 1.13, 0.2 mol 91 F 

[0189] u}-1,:. ;~FrcJl, I.1 cJ] n:j-i;} 6.34 g 91 Li2C03 ¾ 3::.7] ¼~~}.:il, 0 ]~ 10 ~cJ] ~~ 13.85 g 91 z!3': 

[0]90] 

[0191] 

[0192] 

[0193] 

~~};;J,q. i +, o]cJ] n:j-i;} y~7}~~ ~~%¾, ~}7] .g-5:. c':':-5'._TI}~¾ ~15]~}<:tj ~7] ~} DJ¾ §JLj.::':::cJ] 

"'i ~}::-;-_Al 3JA: 

4 "'l::U:cJ] ~~ 675°C cJ]"'i 7}~~};;J,q. 

3°C/~_Q_s'._ ~7}"'13JA. 

6 "'l::U:cJ] ~~ 900°C cJ]"'i ~}::-;:-_~ ~15]~};;J,q. 

"'13JA (100 1/h). 

~}::-;:-_ ¾i£ +, 0. 5 K/ ~91 1-Jzj- 4f S:.-5'._ 1-Jzj-~};;J, q. 

~cJ] ~::-;:-_ ~}cJ] _l_;l_~~};;J,q. 

[OJ 95] NCM-424, Li /~4:f = 1.2, 0 .1 mol 91 F 

[0]96] u}-1,:. ;~FrcJl, I.1 cJ] n:j-i;} 6.74 g 91 Li 2C03 ¾ 3::.7] ¼~~}.:il, 0 ]~ 10 ~cJ] ~~ 13.85 g 91 z!3': 

[0197] 

[0198] 

[0199] 

[0200] 

~~};;J,q. i +, o]cJ] n:j-i;} y~7}~~ ~~%¾, ~}7] .g-5:. c':':-5'._TI}~¾ ~15]~}<:tj ~7] ~} DJ¾ §JLj.::':::cJ] 

"'i ~}::-;:-_"'l3JA: 

4 "'l::U:cJ] ~~ 675°C cJ]"'i 7}~~};;J,q. 

3°C/~_Q_s'._ ~7}"'13JA. 

6 "'l ::jcJ] ~~ 900°C cJ]"'i ~}::-;:-_~ ~ 15]~};;J, q. 

"'13JA (100 1/h). 

~}::-;:-_ ¾i£ +, 0.5 K/~91 1-Jzj- 4:fS:.-5'._ 1-Jzj-~};;J,q. 

~cJ] ~::-;:-_ ~}cJ] _l_;l_~~};;J,q. 
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[0202] III.1. ~ W~91 ~H-J.7-l (half cell) s'._91 ~~ 

[020,1] 88% M.2 

[0205] 6% ¾i::llll'g?ji;,l t::1¾-'f-_2__?} 0 11=. ("PVdF") (Arkema Group oJl"'i Kynar Flex® 2801 -5'._ "'l~), 

[0208] JJLlfr~}'i'l"'i, ¼~2s91 N-D1l~.sIJ~?j.g. (NMP) ¾ 1j7}~}.:il, "J!"J!~}.:il i:::Joj?j~ ~7-1 @~ Itl] 0 l.::':::~7} y~~ u:J1 

77}7-l ~~%¾ Ultraturrax oJ]"'i JJLlfr~}'»',c}. 

[0210] 

z!5' ;1Rlll':Jl 1.11oJl"'i zi5'"'13JA. 

cm
2 

91 'i'!~ .Q..-5'._ T'i'l 1.11 ~ c}. 

[0211] "'}-½~ "'l~ ~7-1~ S:. 1 oJ] n:J-~ J:Jlqj 0 l~c}. ~7-191 oj,,<,Jl~?joJ]"'i, 0 1~ S:. 1 91 _51_~~ S:.~RoJl n:j-i;} ll} 

Iq-.Q..-5'._~cci ~~.Q..-5'._ 5''1:1~}'»',c}. S:. 1 oJ]"'i, 0Rx'=- ~ 0 1 ~ ~oJl ~.:il, ;1R:±_1=. ~ 0 1 ~ 0 }?1loJ] ~c}. 

[0213] 1, l' ~~ 

[0214] 2, 2' 01~ 

[0216] 

[02l 7] 

[0218] 

4 

5 

6 

[0219] ;1R:±_1=. (Kat-hz-2) ~ ;1R:±_1=. ~ l' oJ]"'i ~~oJ] ~%~}'»',c}. 0 1+, %?1 AJ-jy-5'._ TAJ~ ~i::17] C'r7lll 0.5 

mm) ~ ;1R:±_1=. (Kat-hz-2) ,,_,Ml ~~c}. ~~R~¾ ~i::17] ,,_JoJl :±_i's~ ~~111 ~}'»',c}. 0 Rx'=- (An-hz-

TAJ~ .::':::~ .::':::E=.'i'J¾ "'}%~}.:il 0 Rx'=- ~~ 1 :i}91 YA '?HM 91~R A~AJ~ 'il-"1oJl 91~l ~71 ;<J~¾ ~~~} 
111 ~}'»',c}. 

[02'.,2] 0 15'._ 'i'l~l 25°C, ~~l ~7-191 ~~ 'il~: 3.0 V - 4.3 V SC.~ 3.0 V - 4.6 V oJ]"'i "'l~~ ~ W~91 ~7-1~ 

y~~}'»',c}. 

[02'..>1] 

[0225] 

[0226] 

[0227] 

[0228] 

¼~0.lC, 

¼~ 0.2 C, 

¼~ 0.2 C, 

¼~ 0.2 C, 

¼~ 0.2 C, 

tiJ~ 0.1 C 2x 

tiJ~ 0.2 C 5x 

tiJ~ 0.4 C lx 

tiJ~ 0.8 C lx 

tiJ~ 1.6 C lx 
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[02'.,9] ¼~ 0.2 C, tiJ~ 3.2 C lx 

[0230] ¼~ 0.2 C, tiJ~ 6.4 C lx 

[0231] ¼~ 0.1 C, tiJ~ 0.1 C 2x (SC.~ lx) 

[0232] ¼~ 0.2 C, tiJ~ 0.2 C 5x 

[0233] ¼~ 0.2 C, tiJ~ 1 C lx 

[0234] ¼~ 0.4 C, tiJ~ 1 C lx 

[0235] ¼~ 1 C, tiJ~ 1 C 53x 

[0236] ¼~ 0.2 C, tiJ~ 0.2 C 3x 

[0237] ¼~ 1 C, tiJ~ 1 C 53x 

[0238] ¼~ 0.2 C, tiJ~ 0.2 C 3x. 

[0240] I I I . 2 

[0243] 85.2% M.2 

[0244] 8.3% ¾i::jll]igi::ji;,I t::1¾-'f-_2__?} 0 ]1=. ("PVdF") (Arkema Group oJ]"'i Kynar Flex® 2801 -5'._ "'l~), 

[0247] JJLlfr~}'i'l"'i, ¼~2s91 N-D1l~.sIJ~?j.g. (NMP) ¾ 1j7}~}.:il, "J!"J!~}.:il CcJoj?j~ ~7-] @~ Itl] 0 ].::':::~7} y~~ u:J1 

77}7-] ~~%¾ Ultraturrax oJ]"'i JJLlfr~};;J,q. 

[0249] 

[0250] 

z!5' ;1Rll]':Jl 1.11oJ]"'i zi5'"'l37I:t. 

1.13 cm2 91 'i'!~ .Q..-5'._ T 'i=l 1.11~ "Ct. 

~7]~~~ "'l~¾ "Swagelok" ~7-]oJ]"'i y1>]~}'»',q. 
_l_;l_tj]o]~ (~.srjll] 1:1) ~ LiPF6 91 1 M %QJJ 0 ]~q. 

~i::17]: %?1 AJ%. 0R-1,::.1=.: -=i?1J.sIJ~. .g-5:.: 25°C. ~7-]91 ~~ t~: 2.50 v - 4.525 v. 
0 ]~"3 E=X-=ii\1j: 0.1 C (-"il 1 ~ -"il 2 "'} 0 ]~), 0.5 C (-"il 3 "'} 0 ]~). 1 C = 190 mA/g. 

[0252] .R 1 oJ] n:j-~ ¾ ~7-]oJ]"'i91 %i's ~~¾ ~}7]5'} :Q 0 ] 71]~~}'»',q: 70 "'}0 ]~ + ~ 2 "'}0 ]~ + liJif %2s91 

:'z}0 ]~ 70 "'} 0 ]~ + liJif %2s.Q..s'._ L-Ff·.:il, 100 ¾ i'r~}Ctj, %i's~~¾ ~~q ("Iil] 0 ]1z! (fading)"). 

[0253] ¾ ~7-l ~~oJlA1QJ %i's ~~ ~:,z} 

"'}%~ ;1R::-;-_1=. _fL~ ±Al 
0 (j 1- 2. [%] 

(kat-vz-2) 10 
(kat-vz-3) 8 
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Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1500 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Decision Date : April 9, 2021 

In re Application of: 

Teruaki OCHIAI 

Application No: 16923494 

Filed: 08-Jul-2020 

Attorney Docket No : 12732-2003004 

DECISION ON PETITION 

UNDER CFR 1.313(c)(2) 

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed April 9, 2021 
application from issue after payment of the issue fee. 

The petition is GRANTED. 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

, to withdraw the above-identified 

The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for 
continued examination). See 37 CFR 1.313(c)(2). 

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again 
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance. 

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197. 

This application file is being referred to Technology Center AU 1725 for processing of the request for continuing examination 
under 37 CFR 1.114 . 

Office of Petitions 
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Electronic Acknowledgement Receipt 

EFSID: 42398269 

Application Number: 16923494 

International Application Number: 

Confirmation Number: 3273 

Title of Invention: 
POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALT ATE 
COATED WITH LITHIUM TITANATE AND MAGNESIUM OXIDE 

First Named Inventor/Applicant Name: Teruaki OCHIAI 

Customer Number: 26171 

Filer: John F. Hayden/April Saunders-Fuller 

Filer Authorized By: John F. Hayden 

Attorney Docket Number: 12732-2003004 

Receipt Date: 09-APR-2021 

Filing Date: 08-JUL-2020 

Time Stamp: 16:37:42 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $1500 

RAM confirmation Number E202149G37381251 

Deposit Account 061050 

Authorized User April Saunders-Fuller 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.17 (Patent application and reexamination processing fees) 

37 CFR 1.19 (Document supply fees) 
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37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

31691 

1 Petition automatically granted by EFS petition-request.pdf no 2 
a 13ccf4a3059d08dd38a 140c2cd9464a 1 bd 

a1998 

Warnings: 

Information: 

697599 

2 
Request for Continued Examination 

12732-2003004-RCE.pdf no 3 
(RCE) 

c64 f0a0031 dfecad 05 c3 a2 7784 3c334 bed 7 e 
12f9 

Warnings: 

Information: 

218996 

3 12732-2003004-QPIDS.pdf yes 3 
4 7f9efd dd a94 fc4 2c 4 3 858e4e8a5 ac9f34 32 

192 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Quick Path Information Disclosure Statement 1 2 

Information Disclosure Statement (IDS) Form (SB08) 3 3 

Warnings: 

Information: 

6863520 

4 Foreign Reference KR20150062724.pdf no 53 
b25 09e04 Sdf2ab3 79 3 7a44 25 3 c7 31 f2698 7 

a4666 

Warnings: 

Information: 

1704272 

5 Foreign Reference KR20140125856.pdf no 51 
98790fc0a661 ede94f8b6147b90252a2b98 

8803b 

Warnings: 

Information: 
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32265 

6 Fee Worksheet (5B06) fee-info.pdf no 2 
04b3819c6ce403be04afa4c27ee1 e737191 

d0c68 

Warnings: 

Information: 

Total Files Size (in bytes) 9548343 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/140 

Doc Code: PET.AUTO U5. Patent and Trademark Office 
Document Description: Petition automatically granted by EFS-Web Department of Commerce 

Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF 
THE ISSUE FEE UNDER 37 CFR 1.313(c) 

Application Number 16923494 

Filing Date 08-Jul-2020 

First Named Inventor Teruaki OCHIAI 

Art Unit 1725 

Examiner Name SEAN CULLEN 

Attorney Docket Number 12732-2003004 

Title 
POSITIVE ELECTRODE ACTIVE MATERIAL INCLUDING LITHIUM COBALTATE COATED WITH 
LITHIUM ITTANATE AND MAGNESIUM OXIDE 

An application may be withdrawn from issue for further action upon petition by the applicant. To request that the Office 
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § 1.17{h) and a 
showing of good and sufficient reasons why withdrawal of the application from issue is necessary. 

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313{c). 

A grantable petition requires the following items: 
{1) Petition fee; and 
{2) One of the following reasons: 
{a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims 
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or 
claims to be patentable; 
{b) Consideration of a request for continued examination in compliance with § 1.114 {for a utility or plant application only); or 
{c) Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a 
CPA under 37 CFR 1.53{d). 

Petition Fee 

0 Small Entity 

0 Micro Entity 

@ Regular Undiscounted 

Reason for withdrawal from issue 
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O One or more claims are unpatentable 

@ Consideration of a request for continued examination {RCE} {List of Required Documents and Fees) 

O Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must 
have power of attorney pursuant to 37 CFR 1.32{b)). 

RCE request.submission, and fee. 

□ 
I certify, in accordance with 37 CFR 1.4(d)(4) that: 

The RCE request ,submission, and fee have already been filed in the above-identified application on 

Are attached. 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney 
in this application. 

O An attorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity. 

0 A sole inventor 

O A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

O A joint inventor; all of whom are signing this e--petition 

Signature /John F. Hayden/ 

Name John F. Hayden 

Registration Number 37640 
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United States Patent and Trademark Office 

Document Code:VVFEE 

User :71530 

Sale Accounting Date:05/04/2021 

Sale Item Reference Number 

16923494 

Qfjfrc ('.f the Chi~f Fimmclal Qjjfrer 

Effective Date 

04/09/2021 

Document Number 
I202154G28322001 

Fee Code Fee Code Description Amount Paid 
$260.00 1806 SUBMISSION- INFORMATION 

DISCLOSURE STMT 

Payment Method 
Deposit Account 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/923,494 07/08/2020 

26171 7590 05/13/2021 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIRST NAMED INVENTOR 

Teruaki OCHIAI 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

12732-2003004 

CONFIRMATION NO. 

3273 

EXAMINER 

CULLEN. SEAN P 

ART UNIT PAPER NUMBER 

1725 

NOTIFICATION DATE DELIVERY MODE 

05/13/2021 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

PA TDOCTC@fr.com 

PTOL-90A (Rev. 04/07) 
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Supplemental 
Notice of Allowability 

Application No. 
16/923,494 
Examiner 
Sean P Cullen, Ph.D. 

Applicant(s) 
OCHIAI etal. 

Art Unit I AIA (FITF) Status 
1725 Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the IDS filed on 09 April 2021. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1,3-6, 13 and 15-18 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.~ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) ~All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. ~ Certified copies of the priority documents have been received in Application No. 15/638,449. 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ . 

5. ~ Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210505 
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Application/Control Number: 16/923,494 
Art Unit: 1725 

DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page2 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Status of Claims 

2. Claim(s) 1, 3-6, 13, and 15-18 is/are pending. 

3. Claim(s) 2, 7-12, 14, and 19-25 is/are canceled. 

Information Disclosure Statement 

4. The information disclosure statement (IDS) submitted on 09 April 2021 was filed after 

the mailing date of the Notice of Allowance on 22 February 2021. The submission complies 

with the provisions of 37 CFR 1.97. Accordingly, the information disclosure statement is being 

considered by the examiner. 

Conclusion 

5. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Sean P Cullen, Ph.D. whose telephone number is (571)270-1251. 

The examiner can normally be reached on Monday to Thursday 6:00 am to 4:00 pm CT, Friday 

6:00 am to 12:00 pm CT. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 
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Application/Control Number: 16/923,494 
Art Unit: 1725 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

Page 3 

supervisor, Basia A Ridley can be reached on (571)272-1453. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to 

the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll­

free). If you would like assistance from a USPTO Customer Service Representative or access to 

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/Sean P Cullen, Ph.D./ 
Primary Examiner, Art Unit 1725 
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Receipt date: 04/09/2021 16/923,494 - GAU: 1725 

PTO/SB/OBA (07-06) 

Approved for use through 03/31/2007. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless ii contains a valid 0MB control number. 

Substitute for form 14411/PTO Complete ff Known 

INFORMATION DISCLOSURE Application Number 16/923,494 

STATEMENT BY APPLICANT 
FIiing Date July 8, 2020 
First Named Inventor Teruaki OCHIAI 
Art Unit 1725 

(Use as many sheets as necessary) 
Examiner Name S.CULLEN 

Sheet I 1 I ot I 1 Attorney Docket Number 12732-2003004 

U.S. PATENT DOCUMEN1S 

Examiner Cite Document Number Publication Date Name of Patentee or 
Pages, Columns, Lines, Where 

lnltlals• 

Examiner 
Initials• 

Examiner 
Signature 

No.1 Number-Kind Code2 r•0n.-..i MM-00-YYYY Applicant or Cited Document 
Relevant Passages or Relevant 

Figures Appear 

FOREIGN PATENT DOCUMEN1S 

Cite Foreign Patent Document Publication Date 
No.1 Country Code' -Nurmer' -Kind Code• (If known) 11.N-DD-YYYY 

KR-2015-0062724A 06-08-2015 

KR-201-4-0125856A 10-29-2014 

/Sean P Cullen, Ph.D./ 

Name of Patentee or 
Applicant of Cited Document 

Date 
Considered 

Pages, Columns, Lines, Where 
Relevant Passages or Relevant ,.. 

Figures Appear 

Full 

Full 

05/05/2021 

•EXAMINER: In ilial ii reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation ii not in conformance and not considered. 
Include oopy or this rorm with next communlcatbn to applicant. 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes or USPTO Patent Documents a1 
www uspto gov or MPEP 901.04. 3 Enter Office that issued the document. by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of 
the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind of document by the appropriate symbols as indicated on the document 
under WIPO standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attaehed. 

This collection of informaUon is required by 37 CFR 1.97 and 1.96. The information is required to obtain or retain a t>eneflt by the public which is to file (and by the USPTO to 
process) an appllcallion. Conndentlallty Is governed by 36 U.S.C. 122 and 37 CFiR 1.14. This collecllon Is estimated to take 2 hours to complete, lnclud~g gathering, preparing, 
and submitting the completed application form to the USPTO. Time will vary depending upon the indi1Adual case. Any comments on the amount of time you require to corrl)lete 
this form and/or suggestions for reducing this burden. should be sent to the Chief Information Officer. U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria. VA 22313· 
1450. DO NOT SEND FEES OR COI\/PLETED FORMS TO THIS ADDRESS. SEND TO: commissioner tor Patents, P.O. Elex 1450, Alexandria, VA 22313-1450. 

"you ne11d asslsta/'!Ce In complfttlng th11 form, call 1-800-PT0-9199 (1-800-78~-9199) and selftGt option 2. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /S'PC/ 
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To: 
From: 
Cc: 

PA TDOCTC@fr.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 26171 

May 13, 2021 03:56:11 AM 

Dear PAIR Customer: 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 26171 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16923494 

Document 
NOA 
1449 

Mailroom Date 
05/13/2021 
05/13/2021 

Attorney Docket No. 
12732-2003004 
12732-2003004 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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United States Patent and Trademark Office 
Qfjfrc ('.f the Chi~f Fimmclal Qjjfrer 

Document Code:VVFEE 

User :C464 72 

Refund Accountinq Date:05/i 8/202i ¾, 

Effective Date 
04/09/2021 

Sale Item Reference Number Refund Total 
16923494 $1,360.00 

Document Number Fee Code Fee Code Description Amount Paid 
I20215HD27263101 1801 RCE- 1 ST REQUEST $1,360.00 

Payment Method 
DA 

Account Number 
061050 
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United States Patent and Trademark Office 

Document Code:VVFEE 

User :C464 72 

Qfjfrc ('.f the Chi~f Fimmclal Qjjfrer 

Sale Adjustment Accounting Date:05/i 8/2021 

Effective Date 

04/09/2021 

Document Number 
120215HD27263101 

Sale Accounting Date 

05/18/2021 
Sale Item Reference Number 

16923494 

Fee Code Fee Code Description Amount Paid 
$1,360.00 1801 RCE- 1 ST REQUEST 

Payment Method 
DA 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/923,494 06/22/2021 

26171 7590 06/02/2021 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

11043660 12732-2003004 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

3273 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Teruaki OCHIAI, Atsugi, JAPAN; 
SEMICONDUCTOR ENERGY LABORATORY CO., LTD., ATSUGI-SHI, JAPAN; 
Takahiro KAWAKAMI, Atsugi, JAPAN; 
Mayumi MIKAMI, Atsugi, JAPAN; 
Yohei MOMMA, Isehara, JAPAN; 
Masahiro TAKAHASHI, Atsugi, JAPAN; 
Ayae TSURUTA, Atsugi, JAPAN; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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To: 
From: 
Cc: 

PA TDOCTC@fr.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 26171 

Jun 03, 2021 04:23:55 AM 

Dear PAIR Customer: 

FISH & RICHARDSON P.C. (DC) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 26171 , have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
16923494 

Document 
ISSUE.NTF 

Mailroom Date 
06/02/2021 

Attorney Docket No. 
12732-2003004 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 




