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(57) Abstract: Provided is a lithium ion battery, comprising a positive electrode plate and a negative electrode plate. A positive electrode
active material of the positive electrode plate comprises lithium iron manganese phosphate and a ternary material, and a negative
clectrode active material of the negative electrode plate is graphite. The lithium ion battery satisfies the following formulas; 1.08 <
M3#n3%y Y [(M 1AM 1 *Ag) ] < 1,12 (1) and 0.49 < [M*(11)* A +Ma* (1) *As ] ¥x/[Ms (10 3)*y] < 1.15 (2), wherein;
M, is the first charge specific capacity of
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MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL,
PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL,
ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, WS, ZA, ZM, ZW.

B4 FBEE RHNAETEH, ZRE TR AR X
f£3) : ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), EXTF. (AM,
AZ, BY, KG, KZ, RU, TJ, TM), Ek¥ll (AL, AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FL, FR, GB, GR, HR, HU,
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, ID, TG).

AEFRA T

— O BrAs Z R (2145 (3)) o

the lithium iron manganese phosphate, in mAh/g; n; is the first efficiency of the lithium iron manganese phosphate; A is a mass

percentage of the lithium iron manganese phosphate in the positive electrode active material, M, is the first charge specific capacity
of the ternary material, in mAh/g; n is the first efficiency of the ternary material; A; is a mass percentage of the ternary material in
the positive electrode active material, M3 is the first discharge specific capacity of the graphite, in mAh/g; n3 is the first efficiency of
the graphite; x is a dressing amount of the positive electrode active material; y is a dressing amount of the negative electrode active
material; and x and y are in the same units.

G7) FE: BT —MEE T, SOREIERRRAARA, BTl B AR B 09 1 R PR A R 4 B R 4k D =
ToM Bl BT O B AORTE A R A S, PRI E RS2 W T A LOSS(M 3*n 3*y)/[(M *n 1*A
1M %1 2% A )] 112 (1) 0.49<K[M *(1-n D*A (M * (11 2)*A o] *x/ M 3*(1-n 9)*y][<<L.15 (2) Hrr, Ml ik
R ERBE R T IR R LA &, A hmAN g, n A FTIR BRI BRI IRECR, A CHIEMIETEA B R
B FRE T, Mo Fiid = o EH Bk e th B &, 807 AmANg, o TR = oA EHG B IR ECR,
AN IEARTEHEA R = o B R E T b, MO TR A S0 KR LA R, B4 hmANg, n o Tid A
BIEIRAE, TR IERTEVEM B EoE R, y AR ORE AR R &, xSy S Ar A1 1A
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G GAERANFFF.

ARG
AHUR B Ks) s BRI, AR, AR R s .

BREA

f & SRR A R IR HUIN 5, TR BBV EAR T KR E kR, K, )
R RTEETT R Z— o £ SRR Rzl i, BB 5 il S 4 1 A5 =R A,
PRy B o i it JE AL R 73, AR K I % B S W B - it B PERE . BEIR I
BB (fal Wk LMFP) 1E AR R S5 A0 RS Tk v o PRPAPE RS B s & PR RE 4 1Tl U B 5
MR 33 AR AR

IR AR B B AT B M B LR S A IR, nl LA S T iR IR B E
BB 1 it SRR S VR AR TR R T & B SEL R, SEI R il fe b =
THAEBE R AR B AONE TR, PR VAR SR B O SE PR A &, IR S8R i P B
MR A RN RIE.

AFFH R

A H I SE Tl ) Fe Ak — Bh R B ML, DU dedl e T R LS B R IR R B A
SR DA RO 5 1 0]

NT R Bk T, AR RS SE R TR ER T &R

A HE SET G SR it AR L, T

TERR AR Pk TE AR B T AR PR A R A 55 T R i Sk BN =TT b k), Tk A
W B RS PEAE B o 2, iR B RS - A Vb s 2 o 1

1.08 < (M3* ns*y ) /[(M* n %A+ My* 1 2%Ag)* x]<1.12 (1)

0.49 < [M*(1-1 1)*A1+My*(1- 0 2)* A *x/[Ms*(1-1 3)*y] < 1.15  (2)

ool MyONTR B B (0 A LA R, AN mANe, ny A BEER
PRELIE IR, AN IERRGE TEM B R B IR AR I B E H b, My NPT = ok B
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MIE xRS AEE, B9 mAb/g, n NITE = JeM B B IR, Ay HIERTETEM
B =R E E o b, M AR S E KO AR R, B4728 mAh/g, 3 N
iR R KA, x APTR IEAGE VEAM BERIBORE &,y ik SO PR BE I SOk
5, x5y KR E .

MR A H U () — SL S 9], BT 1 - i A TR R e Tl R R A A F It R Y S
Frit 75 & KT 138mAh/g.

FR Y5 A F 3 ) — LR ST, Pk A R 2 T Al

0.64 < [M*(1-1 1)*A1+My*(1- 1 2)* Ay ]*x/[Ms*(1- 1 3)*y] < 1.05,

MRS A H I 1) — Se ST, Pk S - W v i B AR, BT IR BE ES  h R E
IAF:%

0.6<(M*1 ¥ A+ M, 11, Ag)¥b *c/(a* A, *1000) <2.91 (3)

Hep, a AR =TM BRI S &, b MRS S FHIBRER R, ¢ AR
R P AR B HoO & &, BTk a WBUEE H Y 500ppm-1500ppm, Frik b A HEEHE Dy
2.9g/Ah -3.8g/Ah, Frik c (¥ HUE G 24 200ppm-400ppm.

MRS A G 1) — 2o sL ], Pk 8 S Wb AE 45°C. 2000 RFABCEFER S I Mn
%=/ T 700ppme

FR Y5 A F 3 ) — LR ST, Pk A R 2 T Al

0.75<(M1*n1* A+ My*12%A,)*b*c/(a*A,*1000) <1.48.

MRYE A H 3 B — Lo sE ), ik y 5Pk x B HEYE N 0.52-0.58.

MRS A H 3 B — LeSETE ], BLRTIR IEARE TEARH S R Dy R e, Bk Ay RIEUE
TN 75%-95%

FR Y5 A H 3 1) — LR SETE ], ik = oA BEEY I8 200 LiNia Copi Xe1O2;

Hp, 0<al<l, 0<bl<l, 0<cl<l, H al+bl+cl=1, Fid X A M BIKEEHE V £
B S — B TR .

MRYE A H T B — LesET ), BLFTIA =Ju iR Niv Co 1 X Y EE /R B2 A N HEHE
Frid = e PRk Ni #BE R ES FEVE [ 2 80%-95%

AR LR R R BR T R B 1K B LN A f AR

AR I Sl 18] B AR 1) AR Pt R TR AR R b (R TE AR VS PR RN = T AN T R R
BREPPRHE H 5 I H A 15 0 18 50 K 81N = Jo M BE LA B SRR TS PR BT 223 2 Bk (1)
A (2) IR RA, T EAF VR F S 0 RS TR R o R R A AR B IR
HERIB P4, ARAE 7 BERR B BB RIS B 7] DS 3 AU IE, BEm /e R RS & 1 it =
CATEREEGE B, R 7B T R B R R R A T A
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AR R BRI TR DG 50RE A T R R TR e 4t R A T R ke I AR AR
W2, BUBEEAR AL T R

H

B el 5 B
Ik Ak BT U B D B PP e e A R i (R — D AR, M AN FRE I — 4, ARG
(RIS B S A9 B e U ) T AR A FR A, AN RO AR B A S R E . ZERT
B 1 N = oM. LFMP fl = oM kLS LEMP IR &M BHIE R R % (CV) 2k,
B 2 A= ek, LFMP fil = oM kL5 LEMP 185 A 81 & R 78 750 i 1 25 i 28

HAR L7 77

NAEARBERE B AR EA NG R, IR 4 A A R L ST ) Al
JOL () B R AR BB B AR 7 RAHATIE . se AR . AR, T IR 1) SERE ] 132 AR R
— RS, A AR SR . BT A S S, AR IR T
A Q3 TR 5 B R BR R B IRAR B BT AR S ], R T AN O LR I3

A FRE U0 BH S RTBUR R B R TR —> <8 S T X U R &%
T AN FH T 185 5 72 I 5RO I IR o 2 1% B AR AT P ) 0 70 3 > 4% 00 N AT DA T
DA A H 1 (1 52 1] BB 05 DARR 1 78 3% B R BRI 1 8 2 DL AR IR 7 St HB8
“HE USRI AR GOE R A — 2, AR BN RN B — X R AT g — A,
AT LS 24 o ShAh, Ui B A BAJBUR]EE SR tpe RI/E0 R R i i R B b Hh 2 —,
FRFL, — RN G R G —F B C &

DA &5 A B, PRI A i S AN SEREB A T IR 7 %

A LA R AL Y — R R,

ERR A AR F, BT ad IE MR A 1 IEAR S Ve R RS LMFP (B RRAR RS 1= e
BE ek SO B SRS PEA B AR A, A A 2 T 4 1

1.08< (Ms*ns*y) /[(My* n A+ My* n p*An)* x]<1.12 (1)

0.49 < [M*(1- 0 1)*A1+My*(1- 0 )% AL *x/[M3*(1- 1 3)*y] < 1.15 (2)

Hor, M NFTA LMFP [ E ke LA &, SA74 mAb/g, i N LMFP ({8
ﬁﬂ$,&ﬁﬁmﬁﬁﬁﬂﬁmemﬁgﬁﬁwwmﬁﬁkzmﬁﬂmﬁﬂ%%w
w"E, P44 mAh/g, mﬁ%“:ﬁﬁﬂmﬁﬁﬁ%,Mﬁﬁmﬁﬁﬁﬂﬁzﬁﬁﬂ
MR EE b, My NFTRA B O LA =, AN mAh/g, n; AFTRA EIE
PR, x N IR IR ARG T A4 ) 1 Ok = yﬁ% SIARTEVEM R BORL R, x 5y [
BAHIE, v 5 x LA ER A 0.52-0.58.
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HAgH, S T IEARE PERRER BE, & ok R S i i | SO R B E R e
BEMN AR AT OSBRSS0l 1 E R e A 2 o0k
RENAE.

B, WEAR 2 FIM*(1-n )*AFM*(1- 1 2)* AL *x/[Ms*(1- 0 3)*y [N o, R
PEAFPIER — AL, o MIEETT LAY 0.64-1.05.

HAigt, 20K 1 AE 2, LMFP # Mn RS 7E 4.15V (vs. LD £4, =t
MoEL H2-H3 #HAR [ L RSP 5 78 4.25V (vs. Li) A4, LMFP F= e RBHK 5 6 77
AR I R RN, X R i (R 28 B ] AR AICH T = oA Bk B & H2-H3 AHAZ B ok 1 R 1
SRR EM, FIL, TR ERGEEM B =B A S kA H2-H3 A, AT =
TEM R SRR, S = oM R 2 A PERE ARG IR M BE . BT bL, LMFP Al = oM KR
HAF BB AR S VESDRERE S ) IR AR S PE DR IR RS & AT AT R T AR T PR R
h MBI ETR S RIE. W H LMFP X T =Mkl A G Bmiwarae, Ll
R B A LM I e A

BB A U AE R O AR o, SO SRR A SET R I 75 S FE R VR T IE AR
PER R S PR MR O B, TR AR E IREE /DT LMFP MRS B IR A,
£ R LMEP A RHE Ry IE 55 PEA R, LMEP R4 640 DR & 2% el 803 B (0 AS W] 3 48 B 3¢
b, ARV R BERRIE A SEL B, (E153H S MAMHFE LMFP i G the, Xt ks
k7 LMFP [scPrlb 7 |, #hmid i s+ i ge | 2% B K 1 = oM R B Ik
BN THBNERAE, =R AR 5 2 A w8208 A S JF Al SET IR,
4 LMFP M= oM BRI, = oM BHAH 5 T2 M4 LMFP M, 25 /7 LMFP 7£4
Rt SEPR A S, RE VT EE TR EE L

7282 1 r i Bt i, st R O PR I A B 5 B IER A IR R R B B
EEAE PR D9 N/P CORRTE R4 ot o 725 B X SRR I 26 2 X BRs M) & B b / QIEARGE 1
Y1 v 25 & X IR AR 2 FE X RS T & B O B, i E B JE - R AE 1.08-1.12,
B BIE B AN 1 R BEE . R EN A, =M e IRAEIS T A EN
WAL, WA BRI KR KT LMFP (8RR, M=o B LMFP #EHE
FI, =38 BOTR H B9 75 248 — e VE FI N, 4 ] AATEIR H S A I AR PR A R B B R sl 2
AU BB E R IE BT, R 2k B A 2 Bros i tbBlva B, 3 2 Pk 2 1
2, AT A EMREEM B LMFP Mk SEPREER SR, ERIE T #5 F b
ZAEVEMEA -, e TEE TR REE L.

MRS A G S s], PR E il B K o LMFP 84 Huith o () L 25
2 RT 138mAh/g, %A &2 LMFP M BHE S B+ fi it 7o 0 i 75 v se B R I 3
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&, —B/NT LMFP MEHEG A &, DLIHR IERE VARG B 5T E Ay 5iE, Prid
TEAR IS VEAS L LMFP () 51 & 70 8098 4 75%-95%

HAsty, =7 LMFP #ENEH BELT . 4 =Jok R Ee i K m,
TCA R T 1 KRR AR A O (i I, X B B AN R DA T SR R T R
JFE % SET JE, sk 7 ZASMEFE LMFP 1 (W48 5 7ok AT bl A i 3819 SET BT
%&,E@A?ﬁEWﬁ¢IMH>%%ﬁw“*ﬁﬁ-éﬁﬁﬁﬁﬁﬂﬁzﬁﬁﬂ%
el i @iy, — 75T =ik 4 ﬁ% PEARATT LMFP 8%, 25 8UEMRE M
BHE S RIS B RFTFRRC, o —J7 H =JohRHE R ﬁ$ﬁéﬁ ERAIG,
AN T HL U I 22 4 A o B DABR RS - H A VR A TE AR TR A R I IR N
MBI B IR AL ZEIE BTN, Bk 2 2 A 2 o E g Y B, P iR 815 - Ha i IE AR
FrH LMFP fEAx it (1 LL 25 & R #E 7] LAIR B 138mAh/g, R &K, {RIET IE
e 3 PE M BB LMEP # R HL 78 B R 1%

MRS A H B B X — AL, B id B8 - L 1 R R, Pk B T R TR 2
LU/

0.6<(M*11* A1+ M, *n,% Ay)¥b*c/(a* A, *1000) <2.91 (3)

R, a AR =ZoM BRI S &, A ppm, b A TR 8BS HUUB I TR &R
B, AN g/Ah, c APFTIR MR TR E HO &=, 478 ppm.

BE— b, BE AR 3 MU A MY %A *b*e/(a* Ay ¥ 1000) AR M B AR A
HAK [ — N se e, B A EUEEF P BAR 0.75-1.48,

HAgt, 8t i SEPRECHld R b, W AER b 2 AN T S b A7 A — %ﬁ%m
FH T HyO 5 R 1 7S Tl R 8 S 8 28 e B &% 4B il HF CRURUR) 53 LMFP
HH) Fe A1 Mn ¥, B8 LMFEP MR 45 H 5 8 ﬁﬁ@%?%mMﬁH% o I =
TOARE R T F B A 2 AL P P AR HE O, BT HF S FE, Mt B T30l
LMFP # K+ Fe F1 Mn {3, i FL6 Mn 3 H 00658 i 8 &, @ imma Fl T8 & iE
BOdETEM B R PEE, A BT R B MR G dr . BT L= JoM BRI REE & & . 8
B FL I R AR VR R B DA R LR P AR B HoO SRR W R A 3 B B B A
Ju L, DL R 780 F = iR T 0 SR B AR P HF (8 ROE R, RS
M (1) 73 i

R A I X — AL, k45 7 il 45°C. 2000 K8 CEAE R 5 1
Mn ¥4 i & /)T 700ppm .

A, 7R85 RGBS, AR FAER 2K HF i,  LMFP #4
Elf Fe 1 Mn (A H B85, B3R T LMFP MBS M5 8k, BT LMFP MR
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TEIR . RS PEBE . TR P = oA B} SR (R SR BN HL AV h HF BEAT A B0 AES, AT
PAK KBEAIC LMFP #4 K}t Fe Al Mn (9% tH, FRnl& FEAGS Mn W& H, SRR
MAE 45°C L 2000 K78 AERE J5 1 Mn & H &SRR BL/NT 700ppm, & 1 LI (1) 9
N

MRS A G B ALl BTk a B EUE TG HE y 500ppm-1500ppm, Frik b ¥ HY
B 5[}y 2.9¢/Ah-3.8g/Ah, Frik c i EU{E & 24 200ppm-400ppm .

HAgH, 12 = oAk S 5508 & 8 /£ 500ppm-1500ppm,  HIARR (133
REEH N 2.9¢/Ah-3.8g/Ah, HLFER H IR B H,O & &6 200ppm-400ppm, H,0 5
H AV P 1R 7S R0 PR L S B2 AR B 1) HF AT DL = Jo M RE 6 I I A i e B2, 18 310 HF 1
THFE, CRIE T IEARTE VAR 16 PR PR B A1 B -l (1) 75 i o

FRYE A HIE B A2, Brid = ok # 20N LiNiy CopiXe1Os;

Hr, 0<al<l, 0<bl<l, 0<cl<l, H al+bl+cl=1, iR X AFE N FEEZE V £
G EL e E TR

HAfH, =xM R B Mn oz ml AR 20 B0 A 804 AL Zr. Tiv Y. St fI W 4§
ToE B, DARR S TR = Jo A B 00 22 A R 0w T A A 25 A ) S B

MRYEA 3 — AN B AR SZiEs], PLATER = oA R Niv Co T X BE IR Bz Fi ok 3
#E, Pk =JuhhE Ni 8B R E0 5 B A 80%-95%

HARH, ik = ok Ni i) BE R B0 3008 [ 80%-95% IS 4L T, Bk = okt
BHEFCy SR = o R, SR =M B R AR, BREE R . FIERE MR
P, ATUUR KRR E#EE TR A S, BRSR = TR 2 tkeizE, @
LMFP 5 g = oM eHE & IR, 2B & Wl £ — 8 B E, 7T LLRIE LMFP # k&
R EA A TERe, (RAE H M I 22 4.

I DA B A S 18] 1) TR TR AR H O B R T R AT VR UL

TE R T A ) 20 B«

W B E R e HLEL R 2 N 165mAN/g FIE IR ALZE N 98%I) LMFP, i U /R 78 L EL 7%
N 238mAh/g R E K E N 86%M M4t = oM kL (Ni. Co FI Mn [EE/RILN
0.83:0.12:0.05) , & LMFP MIEf = ot BHE A T A RS PR R, TEARE A4 B
LMFP 51 &40 808 A IESRGE YA B SR = o B I BT E 5 50 Ay, Hodr, A+A=1.
He, BRI BRI & &N 700ppm .

AR PR A Y 32 B
VP A BN 355mAh/g FIE IRZEZEE N 95%K) 11 4
FEL AR VR 3 B«
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B B H Y VR T E VR R BN 3. 1g/Ah, B R T S T LRV T AR B HL0
&4 200ppm.

e BB 2 BUIS TEARE PEAE L . SRS VA RERT H R ] A i, A AR
45 :

S101, # NMP (N-FF M IE L) A1 PVDF (CRIRE LK) MBI FEHL 3k
1h, SR G AT B4R N S RIGERE 0.5h, BN IEAR TG PERDRL (Bl iR 4 B8R = T
MEL BEHE 1.5h TR ER IR, 3 IERCRRI L 5 ik AR R TE AR A B, R iR AT IR
2R BB TEE 80°C R B 25 T8 12h, &SRR IR A U108 5 i A A7 IE AR KR A2 96 15
BIEM A IEW A B 025 TN 2.0g/dm?,  IE B I 5 SEZE R 2.6g/em’s

$102, #47K. SBR 5 CMC A (SBR AT HEKEK, CMC ARFBEAFLERSD 5
MBI AL PR 1h, SRS A SBER AR 0.5h, BN SRS P44
BEA S AHE 1.5h TR SRR, e Tl ORI 0% 5 TR AT AR R TE R VAR b IR AT B
W2 B TEAE 100°CF B2 T8 12h,  Jn BS R 93 U008 5 3 A A AR R} B4R 98
CEINIR A

S103, AFIEMK T BEIEA R N b 52k Py, BRI (PE XU ik B R D Ar
FIEMR A M 2 8], SRE N AR O RS ¥4 77 LiPFe, oo 7 56w
B2 2 J@BE (EC) xR i (DMC) FIgxpR H 3 2 B lE (EMC) , IF HiRER 2 0% B
(EC) . BRI —H Il (DMC) RIBRIRF AL 25 (EMC) #BFILEA 1:1:1, HERH
LiPFq [ JE 4 1mol/L) G2 B Mt 7k, A REE 7 o,

HARMS B0 T S2 e 1 ES2iaf] 5 At ) 1 LR xs B 2 4 s 1 i .

LHEH 1

TERR G PER R LMFP 5 & 2980 AN 95%, 1EARTE PR R & 4 = o b R
B9 AN 5%,

S 2

TERRGE R R LMFP (2250 Ar o~ 91.1%,  IERRIE M R s = oo MR
R Ay N 8.9%.

L 3

IERR G PER R LMFP 5 & 2080 AL N 88%, IEARTE PERT R & 4 = o b B it
= AN 12%.

LBl 4

TERRE R R LMFP 2250 AL~ 85.5%, IEARIE MM L s = Jo M R
JRESE Ay N 14.5%.
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LB 5

IERR G PER R LMFP 5 & 280 AN 75%, IEARTE PERD R & 4 = o b R
= Ay N 25%.

Xt el 1

IERR G PER R LMFP 5 & 2080 AN 98%, IEARTE e R & 4 = o b B i
B0 AN 2%,

X} e 2

IERR G PER R LMFP 5 & 280 AN 70%, 1EARTE PERD R & 4 = o R
= Ay N 30%.

EF GO BAENRA FRER Ry, 5EREEMEE ER A FREREE x (x Sy
AT HED BILAE y/x=0.55 BI3Eal I, X BiRseiEfl 1 B sgpEd) s A bl 1 Bl
Pl 2 8 FRIbEAT A0 2 MIAK 3 WIRE, 3RE « M B MEUE: JFxTseie 1
FSLHEG S T L 1 BA RO e 2 (S R AT IEAR T LMFP () bR = 00
5 45°C THEFF 2000 KRG A =ARFFERMA ., 78 45°CTIHIR 2000 K5 Mn 3 HE IR
PASERRGGEVEM B DSC (ZRHAREMAO Ak B, I #R 2 R

IEf%# LMFP [ 4 B LA E R

fEEE (25C) F, B FABEEFHRMLL 0.1C fF2R A M, 0.1C FEd, Al
HUR VB A 2.5V 4.2V, SR IR =4k, MR R A SOk S0 81 50 1 H I 1) 38 = TR
HLZS Bk S B LMFP (4 L 75 &

2000 X AR BIEH G BFERFRENR:

¥ FABEFHRI 1C FEAM, 1C HREBHE, ABHEEELERR 2.5V-4.2V,
£ 45°C B 2000 MEFF G, RIEHIBEE - DMEFRAE 2000 G IR H) IR RS =
(ILEAE, 19 ith 2000 MEFF 5 7 =R R

2000 X FEAEFF /5 Mn ¥ H B

¥ 45 CFTHHL 2000 MG FR G LR AR AE, B SO 0 SRR TR A R, R
H ICP I A7 8 76 B Min (IR HH & .

IEARTE AL DSC # S 3 fir & 383 W4«

¥ LR A b W IERRGE M R e L R s (BAR T RO BB 0.1C HIR R
R LL Ry 4.2V, B 42V EERE, #Uibfime 0.05C) , KA K ek
MR E T /iR e, Bl SC/min B7HREEIHE, Wil ZR M E M (DSO)
MG, DS E BROR ) A I 45 1 e L S

Rt TSR 1 B SLHEE] S AT LE ] 1 PR L 2 f 8 R - v AT A 2K 2
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Aoy 303 08 58 S I

Gl W 1 = B R v LR R

IEAR o 2000 R 7T ‘
2000 KBTI | ARG TR R
‘ LMFP )4 | L HUIE3A 5 Mn .
BIE @ | B | AR R ELR o DSC filt i
HEL R & A=
R (%) cCH
(mAh/g) (ppm)
SEHEB 1 | 0.49 | 2.90 138 70 700 255
L 2 1 0.61 | 1.65 139 80 650 250
SEH 3 1071 ] 1.23 140 77 600 245
L 4 1078 | 1.03 139 74 620 248
SEHER S | 1.11 | 0.61 141 72 680 243
SFER 1 | 0.40 | 7.20 134 55 1350 251
SFEb 2 | 126 | 0.52 135 60 1000 235

ZvE: F 1 2000 RIFEBEGEF MG Mn 18 = AP E R4 LMFP XM [ Mn

B

M1 AT LE Y, S 1 BSLiEs S A R AT AR 2 AR 3 BRE
Ja, a M B HAEARFIF AR 2 A3 REMEHEN, HHle 049< a <1.15, 0.6< B
<291, 1M HEEFHMIEHR S+ LMFP 4 L 5 & KT 138mAh/g, SZHEH] 5 18
B L AT BLIAE] 141 mAh/gs 857 Hiith 2000 IR R HCEFE I 5 R EFFRE KT 70%,
SCHE] 2 AR L T DUIA B 80%; 4 B HLMth 2000 IR S B IE PRI S Mn ¥
E/NT 700ppm, SEHEHI 3 A4 B 1 Ltk 2000 X 78 HCHEAE PR IR JE Mn 3% HEACH 600
ppm. fEZAPENE, T LMFP FlE 8 = oM B A LR A, (F19 SEEm) 1 % S 41
5 AR B L IR AR PR AR DSC AR S E T 243°C, e AT AAE 243 °CRA T H5E
HlN 24817, e VB b2 e,

i Lo 1 AR Le ) 2 BB F R AT AR 2 AKX 3 BRE G, o A B HATE
AHEAN 2 AR 3 REREEN, HHE o« ATE 049 & 1.15 FIFEHE N, B ANTE 0.6
%291 PVEHE N . i Bt B A b LMFP 04 B IL A 235/ T 135mAh/g, #
B Ll 2000 R R RCHLAE FR S R B AR T F /N T 60%, 1 T FL I 2000 7K 78 T H 9 FA
WG Mn % = KT 1000ppm, X ECH 1 B8R EF Hth 2000 K 78 LI SR 00 /5 Mn
HHEHEEIAS] T 1350 ppmo FEZATTETI T, A ECH] 2 B8 T R I ARE PR R} b

9
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BT & A 2 KRR =Jot e, RS PR DSC il I8 Ay 235°C, R 7 #E
T LA R R A

T 5 A B B A HR AR A SE B BEAT T A, (B AN HAE IR AR IR T A A B A sk
75 2, bk i BAR S T AR R B R AN A PR PR A, AR R A
RAEARHAE IR RN, A BB A G 0% B AUBUM ZEOR B R 97 I e R 00 5 38 ] il th
Rz, BETARFNRITZA.
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BUFIZEER 5

MR R, Hd,

AERR T AT SRR BT R AR B G AR AR PR A RE, Pk T AR PR AR T 1 e
B = ek, Pk O B HE UGS TEA R, Bk SORE PER R N G B, Bk E T
FEL L 8 2 T 2

1.08 < (M3* n3*y) /[(My*n (¥A+ My* np*An)* x]<1.12 (1)

0.49 < [M*(1- 1 )*A1+My*(1- 1 2)* Ay *x/[Ms*(1-n 3)*y] < 1.15  (2)

Hep, M NITABRESEN T R IL A &, 947N mAh/g, i NPT TR &
BRI B KA, Ay Pk ol R A Bk LA P ok IE RIS PR R B L& E B, My 9B
R=JOM B EIR A RAEE, BN mAh/g, my NETIR = ok B E IR A, Azj‘j
TR = J0 M BHAE T I IR AR PERA R 5T & A e, M iR e SR ) E I8 EE AR
A7 mAh/g, ms NITIRE B E RAE, x NITR ERGE TEM R ECEL & yjjﬁﬁL
PG TEM B ECR &, x 5y BISRALAR R

2. MRIEBCRIEER 1 Prk s i, Hd, Frid8 e b e A irid
e i A I R () SERR LR & KT 138mAh/g.

3. MRIEBCRIE R 1 80 2 Frid 8L i, 2, Brid#s v 2 s A

0.64 < [M*(1-1 1)*A1+My*(1- 1 2)* Ay ]*x/[Ms*(1- 1 3)*y] < 1.05,

4. WABEBCFZER 1-3 TR (B i, Ho, SRR, ridd
[ R R TR /A

0.6<(M*11* A1+ M, *n,% Ay)¥b*c/(a* A, *1000) <2.91 (3)

Hep, a AR =TM BRI S &, b MRS S FHIBRER R, ¢ AR
R P AR B HoO & &, BTk a WBUEE H Y 500ppm-1500ppm, Frik b A HEEHE Dy
2.9g/Ah-3.8g/Ah, Jirik ¢ i I{E E 2y 200ppm-400ppm.

5. MRIEBOR BER 1-4 PAE— DU IR [ 8B - Hoth, b, PRk 8BS v it /E 45°C.
2000 VX 78 5 HL I A 5 9 Mn i &= /T 700ppm

6. MABBRER 1-5 HAF— TPk (BB i, o, PR 8B+ it s 2
IAF:%

0.75<(M1*n1* A+ My*12%A,)*b*c/(a*A,*1000) <1.48.

7. WABBRER 1-6 HE—TPR R i, Hd, ik y 5k x i E
TN 0.52-0.58.

8. MABBHMER 1-7 hAF—BIFTAR WA E 7 i, Hrb, DUk s AR

11
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M EONHEE, BTR A REBUEEE N 75%-95%

9. MABBRER 1-8 HAF— Tk (B i, Horh, Brid = oh B =
LiNia; Cop1 X102

H, 0<al<l, 0<bl<l, 0<cl<l, H al+bl+cl=1, iR X AE M BKEEE V £
B — B TR .

10, HRAEBRIZER 1-0 AT — TR A E i, b, PUBTE =ikl Niy
Co M X W BE/R# 2 My Bt , Pk = JoAs R Ni (9 BE /R 27 LS D 80%-95%

12



WO 2022/089509 PCT/CN2021/126905

135.004
§.0483 -
$.002 -
§.501

.60

Current/A

£.80
B

£.883

R iTE

L L | L | L
3.8 3.2 34 35 38 4.8 432 4.4

Voltage/V

K1

1/2



WO 2022/089509

Voltage (V)

45 A
s RS

[rass

et
2

L

PCT/CN2021/126905

Y 40 &0 a0
SQC (%)

K 2

2/2

100

1
T3¢



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2021/126905

A. CLASSIFICATION OF SUBJECT MATTER

HO1M 4/36(2006.01)i; HO1M 4/485(2010.01)i; HO1M 4/505(2010.01)i; HOIM 4/54(2006.01)i; HO1M 4/56(2006.01)i;
HO1M 4/58(2010.01)i; HO1M 10/0525(2010.01)i; HOI1M 4/525(2010.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOIM

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
CNABS; CNTXT; VEN; WOTXT; EPTXT; USTXT: CNKL: [LI08, 5, Ffjth, BRERER FRAE, BERRTAHRAN, =Ir, BAIR, R,
BhEL B, TR, MR, BE, 45, lithium, battery, phosphate, iron, manganese, +L.I4+02+, +LI+PO4+, graphite, efficiency,
capacity, +mAh+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 107565094 A (SHANGHAI MAPLE AUTOMOBILE CO., LTD.) 09 January 2018 1-10
(2018-01-09)
description paragraphs [0006]-[0214]

A CN 106450481 A (GRADUATE SCHOOL AT SHENZHEN, TSINGHUA UNIVERSITY) 22 1-10
February 2017 (2017-02-22)
entire document

A CN 102362384 A (HITACHI VEHICLE ENERGY LTD.) 22 February 2012 (2012-02-22) 1-10
entire document

A CN 108321385 A (BEIJING NATIONAL BATTERY TECHNOLOGY CO., LTD.) 24 July 1-10
2018 (2018-07-24)
entire document

A JP 2003036846 A (SHIN KOBE ELECTRIC MACH CO., LTD.) 07 February 2003 1-10
(2003-02-07)
entire document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report

02 December 2021 20 December 2021

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2021/126905
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 107565094 A 09 January 2018 None
CN 106450481 A 22 February 2017 CN 106450481 B 04 June 2019
CN 102362384 A 22 February 2012 WO 2011027503 Al 10 March 2011
CN 102362384 B 09 October 2013
us 2012009452 Al 12 January 2012
JP 5554780 B2 23 July 2014
CN 108321385 A 24 July 2018 None
JP 2003036846 A 07 February 2003 JP 3979044 B2 19 September 2007

Form PCT/ISA/210 (patent family annex) (January 2015)



EFRERIRE [ P F I 5

PCT/CN2021/126905

A ESIRbaES

HOIM 4/36(2006.01)i; HOIM 4/485(2010.01)1i; HOIM 4/505(2010.01)i; HOIM 4/54(2006.01)i;
4/56(2006. 01) i; HOIM 4/58(2010.01)i; HOIM 10/0525(2010.01)i; HOIM 4/525(2010.01) i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

HOIM

B. R

T2 A AR PR BE SRR (PR » R ARG M) 2K5)
HO1M

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk

e P R I & 10 H 1 R e (B R A4 A, AR A CanfiE DD )

CNABS; CNTXT; VEN; WOTXT; EPTXT; USTXT; CNKI. EbiPidi, 4E, eih, BEER4mekds, BEMeesndd, =ou, B, &, &%

£, B, BIR, MER, K&, A%, lithium, battery, phosphate, iron, manganese, +LI+02+, +LI+P04+,
graphite, efficiency, capacity, +mAh+
C. MK
= Sl BER, FRHAMHKERE PRI
A CN 107565094 A (LigtER AR AF) 20184E1 H9H (2018 - 01 - 09) 1-10
55 [0006]-[0214] B
A CN 106450481 A (EHERZFEINFTAER) 201782 H22H (2017 - 02 - 22) 1-10
=0
A CN 102362384 A (H L HHgEIEMA4) 2012482 H22H (2012 - 02 - 22) 1-10
=0
A CN 108321385 A (JbxEBEERIBRHLRE-ERAR) 2018547 H24H (2018 - 07 - 24) 1-10
=0
A JP 2003036846 A (SHIN KOBE ELECTRIC MACHINERY) 2003F2H7H (2003 - 02 - 07) 1-10
=0
[Nacssepprecms: b . TRBERIHE
x B SRR R “pr EHE HEWER B 28 A, 5 I RAERAL, (5% TR
“AT PO BIFRSE IR T A HR — B S KA B BB O e Bk
“g” E%Eﬁ%aEﬁﬁ‘zzfé@m@&%qa%ﬂz%u X GHESHIH, BERERTE, URERRPHZATR
LY AT BRI A TSR R BRSO, B S — RS F S pman it X
N 3SEA “y» fF FIABRIISCEE, S E S —BlE £ Eim b ot
E@E?ﬁ%ﬁmﬁ%l REEC SN RO G i-Le It SrE T BRE e ey
“07 WROSATF. . BB R A TR - E{?Iﬁﬁ@”ﬁ
«pr A 46 R i EER T BRI R (s A (S0 & BRI SOr
[l P 2 SERR 5 R 1 H #A Rt 22 R 5 1 25 H 3
2021412 H2H 20214E12 H20H
TSA/CNF & FR A0 MR 2y ik ZRE R
rf ][] 5 1AL (1SA/CN) —
o [ b 5T g X 1 1A 3865 100088 s
£E5S (86-10)62019451 Hi551S  (86-512) 88995623

PCT/1SA/210 3 (58271) (20154E1 1)




Bl H S
XTREERNESR PCT/CN2021/126905
Wit 4 8 0 B RS el Gl el
CN 107565094 20181 A9H T
CN 106450481 20172 H22H CN 106450481 B 201946 H4H
CN 102362384 201242 H22H WO 2011027503 Al 20113 H10H
CN 102362384 B 201310 H9H
us 2012009452 Al 2012F1 H12H
JP 5554780 B2 2014F7H23H
CN 108321385 201847 H24H T
JP 2003036846 2003F237H JP 3979044 B2 20079 H19H

PCT/1SA/210 R (FMIREFMM) (201551 )




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

