CN 106848381 A

(19)rhie AR L FEE RN~ G

EP (12) KB Z FIERE

(10)ERIEA S CN 106848381 A
(43)ERIEAH 2017.06. 13

(21)ERIES 201710029575.X
(22)ERiEH 2017.01.16

(TOHERIBEAN T HRGEF R AR 2 7
otk 510760 | ARAET M EEEX =8 T
MEIX AR REIA % 875
(7Y RFAAN ot Az R
(74) EFRIBANA | M 250N =B A
FRA® 44245
KRIBA ZUiEK EHE
(51) Int.CI.
HOTM 10/0525(2010.01)
HOM 10/056(2010.01)

HOTM 10/0569(2010.01)
HOTM 10/0567(2010.01)

BRI SRR HHF95

(54) % PR &R

— ol L AR R A 2 PR SR A Y L
(57) 1%

AR TR U A, AT 7 Rl
T e 5 A P RV PO A — 7 P, b o TR R AR
ALFE AR R A WL R I A T as A S, BT
IR A YN = R R BRI & =5
SETRBR IR A P Y 5 b — i, AR R B ) R AR
A IR = U TR I 10 S P B = T R
Batb &4, v ULPE TE AR R T R, Bk 54 R
B4 B I TEAR A 8 351 M HE A 2 P i
TR 1k H TR Gudf , TR B R TR ZS 1 Al
036 UM SETRE /R FH L 48 o 41— vk L it AR 34
R L i B o IR B A BH I Th AR AH S 4 TR
TRIRIFIE T A BOIEEL 7T » 24038 TR 78 FL A A7 40 1)

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.

[PR2025-00722
Page 1 of 23



CN 106848381 A W F OE K B e

1. Tl R, HCREE 7E T« P e A 5 i A B A ALV ) AR IR R T B e A s
FiF ik RS (b 4 0 = S W AR B AL S A = SUL B RR G 1L & W0 P O 28 /b — D, Bk =&
T BB S AL AR = EUR BRGS0 A SR AR R (D FIR (LD PR i & H =
IRIZ_CN
c|>
CN—R;3—O—P—O0—Ry—CN 5t (p,

IRzz—CN
9
CN—RB—O—IIT—O—RZI——CN
0 (1)

FUH R Riz Rz Re1RozRos#é H JALHIIE 5 C1~ CH I P J58 32 B g AV e 2 o

2 MRYEBUR B R FT IR — Bl A, HARAEFE T : Tk Th R AL A W7 v A 1) o
T EER0.05%~10% .

3 ARAE BRI B R 2Bk () — Pl v, FUARRAEAE T« Bk DR Ak S WE HEL AR VR R 1 i &
HoEEN0.2%~5%,

4 KRR BCR ZESR VBT IR I — P BV, AR AEAE T BT W AR R WL iPFe LiBFa,
LiS03CF3.LiBOB.LiDFOB.LiTFSI LiFSI.LiPO:FeH ) 2= /b—Fh,

5. MR IR ELR BT IR — Pl g, HASIEAE T« B A3 ALV 7743 FEEC PC.DMC. DEC,
EMC.GBL.MA.EA.PA.BA.MP.EP PP .BP .MB.EB.PBH" [ & /PR il

6. FRIEACREE SRS FTIR I — P A7, FLASAEAE T < i A7 ML 7 MEC.PCLEMC. DEC,
PAMP.EP.PP.EBH ) 25 /55 i,

7 KR AR EE R FTIR I — Pl e 7R, AR AEAE T« BTl 8 77 9 FEC L VCL VEC . PS.BS.
DTD.MMDS.PES. BRES PR A% G W ER IR 2, 44 S . SNLADNL PN HTCN . DENE . T R BT . & SRR T . 2
FJE TR BRIT 2, 3- - F Sk MR IT A BE MR T Hp () 2 D —Fol.

8. — ML R, AR B IEARIE TEA B IE AR B A SRS A R S B
BRI AL s TEAR A BLAE IN B I B I IE RS TR R e 39 SRR SOk BT ik
TEARIE TEADRE 5 H R BRI 5 A BRG 46 70 s SRR P A 465 T HR ON B0 I 8 8 8 - 1) AR
PERRE L T H R BRI SR P SRR T AR S e ) B IR A £ B B R 4 R, AR AE
T 2 T E VR R B SR 1~ AT 5 T ) P VR

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
[PR2025-00722

Page 2 of 23



CN 106848381 A Y B B /9 W

— MR R S AIZE R E Rt

ARG
[0001] A B JE T8 Uk L I AT, BARYS B R A VRS S A R A ol

BEEA

[0002] 4 ik efith B AR R & bL B S 2 R IR IR A 1 Ol R AG B ALz ik
LR PREEYG e/ NS R 0, BT N T B ST B RE Bl R AR, BE R A
S B R AT AL L s PR RS A R, TN I R T R B R R L T e R NS b
R SR S B SR Ml P B R 8 SR F 0 SR A2 B R 1E 7B R SRR v e vt ) A
HL o B 22 11K 1) 2 R PR B 1K 25 1k, 47 I A R R 1 vt AR F 3R T I R SE TR 7%
Gy AR s FEAIR T AL N, B T v ) 30 A7 2 R R X AR TR O 25 B b, vl v e 4
PERESZ IR o

[0003]  LFICN201510564696 AFF T —Fp&r A WER M A WINC-R-CNE NS F R T A 7
VRCAS ISR, 7] DA i Rt ) v R AT PR R DA S A PR R B , LRICN2015109646622 A
Tl R 5 A AN TR R SR AN U (4 Ak A 1 B et LAV N 5 B W A LA
K RERE R GH 2T, S AR 5 IERA R R 48 5 1
S84 5 M L AR H AR R T 2 431 5 1 vt i L ) v A 47 B A PR M e o (EL A STk )
BHIEA SR, 5 AN AR By U B — S ) AL A W B AR B 2 3K, IR 78 WL I B8 B e
B AL Tt A PERE

(00041 [A Ik, HF R — FIRE AE DS R AT Gl AR IR PERS , [N SRR i3 AKIR 7o vl R AR 4
R HL T AR K

RAAE

[0008] A (¥ B (K45 T8t ok b o oA ol L, $ie (3t — A R 8 i AT fik A PR R BE
(7 e 3 A AR 78 R TR I F ARV A 3 AT i H AR B Tt

[0006]  AA B H KL LA HART SSEH -

(0007]  — et AV, EL AT HEL 88 5 A LA R S IR A D REAL &, T T R L & 0k =
SR A R B AL B M AN = SR R IR AL S 0 1 2 2 — b, i =S5 W R R B AL 5 P A
SEREEBEIRERAL S 2 B AT A R 2 (D A D Brs i g5

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
[PR2025-00722

Page 3 of 23



CN 106848381 A W B B 2/9
R]Q—"‘CN

I
O

I
CN—Rj3—O—P—0—R;—CN £ (D,

[0008] Royy—CN
0
CN—RB—O—]I%‘—O—Rz —CN
O (D

[0009]  FUHRi1<RizRisRe1RezRes S H ML I H C1 ~ CHIR) P e FE B # AP St 5t
[0010]  ErRThEEfL AW ER MR I R E T 55 =2 IIEN0.05% ~10% , MK T0.05%
B, ASBRAR B (1 AR 47 TE SR, DT LA 70 43 it v F VB PR oL i A7 P e S T B PR R, i e ik
10 %6 B, FH T 38 i e A R RY B2, 5 SO it PR B A . AR I b, A L ARV B R E T
SEEN0.2%~5%.

(00111 Jf 3k v il 3R A0 06 7S U R B (LiPFe) - VU & BB 8H (LiBFa) « =% TP L R
(LiS0sCF3) - A2 R B ER4E (LiBOB) \ S EL BB L £ (LiDFOB) X =3 F Joe Tkl It IV fide 48
(LiTFSL) X F e W A48 (LiFSD)  —a I meE

[0012]  (LiPOoFy) ) & /b—Flr,

[0013]  Frid G HLIAFIEFEIRIR Z /A E (BO) JBRERTA M B (PC) BR R — FF ER (DMC) JBRIR —
2.5 (DEC) BRIRF 20 B85 (EMC) « v — 1 N ES (GBL) - Z MR T EE (MA) « L BR 2. BE (BA) PR TR B
(PN L BT g (BA) JTRER FER (MP) (AR B8 (EP) \TRERTAES (PP) AR T Bs (BP) . TERH
fis (MB) T & 2,156 (EB) T ER A B (PB) h i &2 D B

(00141 {RI%EHG , IR A HLVA 71 NEC.PCL.EMC. DEC. PAMP.EP . PP EBH1 ] £ /D il

[0015] B3k 4% i 5] Sy A A4 S (R0 3 IR0 4 D 25461, B 3R 5 390 e AR e BR . 4 B
(FEC) JBRER . £ M5l (VO B IR £ 05 . 2,15 (VEC) 1, 3-TATREZ M B (PS) 1,4~ T T & P4 B
(BS) KRR 2. )G (DTD) « FF J5e Hif B 10 FF li (MMDS) 7 M7 iR PN S (PRS) JHRR TR S W F
R EE T 5 (SN) W& (ADN) LR (PN) .1, 3,6-C e = TCN) . 2 B XU (A
i) Bk (DENE) ] R IF | S KRR IT 2 FR ik E SR BR T L 2, 3— — FF 5k L R B I A RR IR T +h 1)
b Fh

[0016] A IR EE F—F &7 ok vl AR 4 TRt , B B T IEAR TS PE AT R IEAR
B~ & SRS PR R SO B R F o A s TEAR A B R RN B B B S 1
TERRIE AT RE 5 E R R AR SRS BT IR IE AR AR T R AR S A RG4S ) s Sk
Jr AL FE AT RN B I i B 1K) SRS PEATRE L SR B IR AR AR I SRS PR AR
FL R BT A, A R 45 77 o

[0017] AU BH I H SRR A T T 8 s B R

[0018] Ak I H MFVR A A 10 = A I IR ER AL & M = A E R IR 59, AT BATE
IER R AR, Bt 5 & B8 746, B 1L IEAR 4 8 5 5 ¥ 2] B A o 0B 1k et
FRAE S, DA T 12 B A% 5 10 B 465 M R TS 8 A SET A 1 A, 3R v 48— B VR I B PR B A 7

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
[PR2025-00722

Page 4 of 23



CN 106848381 A

i

B

3/9 |

ELTERE o [F) I A BT Dh Be At & M m] B ARARIR PR 18 1 ) F M REL 370 » e ARl 7 vl (1 B 2 1]
FBL, DT 2 B e L 1 2 A TR RE

BAIHEAR
NS G SE R AN A B A i — D AR R A AR AR R I B St OASBR Ttk

2R R BR 2 e A5 B F B = SR B IR R AL & M) A = R R FR ER AL S I 45 1 4
BANR LR 2R

[0019]
[0020]

[0021]
[0022]

RI=FHE TR S

P

wEDT,

NOCF~CH 0 F O UH = CF—ON

oA

CHy—CFy—C2
0

A L

N(" {:‘FQ\{ ‘}I:»»(‘} »»»» ‘p ‘‘‘‘‘ (“Q .... {“ E\E‘M\“{“H‘:N‘ (‘:\\“’

CHy—CFy—CN
1
¢

WEY I

N OBy Oy O PG CHy = O s Oy CHa 0N

CHyCECN
@

a1,

i
NC Uy 0P O G CF

{{H:*{‘F(\
&

&Y 1

CHy~CHy O PO CHy~CHy—

(;H3""“'{3{3“““‘ ON

i
£

ON

Y 1

§
N{i‘ s {' H 5 “\{\i&{ 5 Akl {} e I} fasnad {:} NN.{\‘?\{B L\Eﬁ\ o

CHy = CHy 0N
!
0
N

e,

o Gy Oy Qe P Qe O = o ON

CH,— Uy CN
& CHF

CHy

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.

[PR2025-00722
Page 5 of 23



CN 106848381 A

OB B

4/9 I

[0023]  R2=FULBERERIL G

[0024]

Al

o,

c{f'y CF 0N

0

NCCF O P Oy =Gl CF - CF Oy ON
&

A I,

¥
N CHy QP Qs CHE - ON
¢

A 11,

CHy—CHE—ON
O

NC- CF{UOE;
3

OO (- CF - CHy~ ON

a1,

CHy—CHy~CN
0
S{‘\ ...... (“ E:{:m {)....“.}‘;? oo {‘} ..... (‘}i: m...“(:‘ zj‘g;zmm- (‘N
o

te59 1s

CF,—CN
NC g e P B ON
6

CH,—CN
{}
k\;{“ o {‘§\§; - (\'} o ““.};?,. e () pow— {:‘\E.‘: R {:‘}\i: s {:‘ §:£ s Cf}‘:::.m“ {:N

&

&9 11,

CHE—CHF -~ CHE (N
9

N CHE Qo O CHE— CHE - CHF - CHE-ON
O

(00251 Az AH Skt 451 o 80— R ¥ 1 o) 26 S PR B IR A0 BRI TS

(00261 (1) H A VLIS ol % < £

= e =

AR

MFERE T A YA N RE RS, BN

AN INF = WAL R A & P B = WAL AR B AL S0 HL A B TS 7 BEE 24 5T, RIS B4

WY i3 4 P AR

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
[PR2025-00722

Page 6 of 23



CN 106848381 A W B B 5/9 5

(00271 (2) IEARAR A 10 1l 4% - 5 — s L L 1K SR AR £ M (PVDE) M T 1 - HF Sk -2k g ot
i (NMP) Y70, 48— 72 S Dl 1) TE AR AR AN Tl AN 3R VAR A 1 50, 15 1R
A R AT TR AR S (W P T RS 5 43 B EARAR o

[0028]  (3) AR 1) 1l 4% % 5 B 1 SBRRS 425 750 R CMC I A8 70 Tk F b, FE— 58
Joa 5 LU I SRR A RE RIS E FDINON T 3R Y VR TR G 38 50, A VR 1l B SRH R AT £ 4 7 Y 799 [
J& » BEF R JE 15 2 SR

[0029]  (4) 88 YR HL I il 4 < b ) 4% ) EARORN v SR RRRR v ARG 1 M ] e b o 5 7
NGB (1) T4 SR, A i 5 120 A R e

[0030]  (5) #E M RE IR

[0031]  E iR AEIR IR : 7245 CIEIEFE T LL0.5/0 . 5O f5 22 0] it It AT 78 0 E 7 B1 I3 o
IR AEAZ PERR TR - S it 78 DI AS T BLO . 5/0 . 5O £ Z 06 vt vtb BEAT 780 — Ik,
PLO . 5CHG L ith 70 3 H S AT il A7 o A it — S I T 40 D L b ) 588, Rl vt 58 4
P HGLAO . 5CHEAT A B0 BT R B R 28 RN A M 55 22 o KR 70 v UK« Sl i v AE
FALIRZA TR LLO . SCHH , FEAE & IR AR oP GO C Hll B A/ NI JE L0 3CHE LI 7R o, SR 5
TE U 1 T A8 o 3 g o vt oW 52 7B 3R T A2 25 A4

[0032] AU WIS a1 ~ 25 F XL 49 1 ~ 61 L A L B AR ST o

[0033] 4 352 it 451 K ¥ef EL 4971 b, B 2 4

[0034]

PR Fhnm hteteaiy FLA R
.. | ECG:EMCDEC:PC= L1M

SR 1 5%FEC 3%bEY T, ,
25:25:40:10 LiPF4
e EC:PP:DEC:PC=25: | 3%PS, S5%FEC, 2%ADN, 0.8%A M 1LIM
25:40:10 1%SN, 03%VEC, 1%DENE |1 LiPFs
- EC:PP:DEC:PC=25: | 3%PS, 5%FEC, 2%ADN, 0.8%tb 5 1.IM

SRR 3
25:40:10 1%SN, 03%VEC, 1%DENE |1 LiPF¢
7

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
[PR2025-00722

Page 7 of 23



WO B

CN 106848381 A 6/9 I
[0035]
S 4 EC:PP:DEC:PC=25; | 3%PS, S%WFEC, 2%ADN, 0.8%Ak 59 LIM
25:40:10 19%8N. 1.3%VEC, 1%DENE | LiPF,
ey 5 | EO T RDECRC2S: 3%PS, S%UFEC, 2%ADN, 0.8%L AW LIM
SHEM 5
25:40:10 1%SN: 0.3%VEC, 1%DENE | L LiPF,
S H 6 EC:PR:DEC;PC=25: | 3%PS. 5%FEC, 2%ADN, 0.8% AW 1M
ﬁk 3» 14
25:40:10 1%SN, 03%VEC: 1%DENE | s LiPF,
- EC:PP:DEC:PC=25: | 3%PS, 3%FEC, 2%ADN, 08%Ab51 1.1 M
25:40:10 1%SN, 0.3%VEC, I%DENE | I, LiPF,
S S EC:PP:DEC:PC=25: |3%PS, 5%FEC, 2%ADN, 0.8%IL AW Lim
25:40:10 1%SN, 0.3%VEC, 1%DENE |1, LiPFs
- EC:PP:DEC;PC=25; | 3%PS, S%FEC, 2%ADN, 0.8%4L515 LIM
SRR
25:40:10 1%8N, 03%VEC, 1%DENE | 11 LiPF,
S | BEC-PP.DECPC=25: | 3%PS, S%FEC, 2%ADN, 0.8% k5 ILIM
10 25:40:10 1%SN, 03%VEC, 1%DENE | II LiPF;
SEREG] | EC:PP:DECPC=25; | 3%PS, S%FEC, 2%ADN, 0.8%L &9 LiM
1 25:40:10 1%SN, 03%VEC, 1%DENE | IL LiPF;
SHEB | BC:PP:DEC:PC=25: | 3%PS, SUFEC, 2%ADN, 0.8% a1 LM
12 25:40:10 1%SN.. 0.3%VEC, 1%DENE |1, LiPF;
SEMEM | BOPP:DEC:PC=25: | 3%PS, S%FEC, 2%ADN, 0.8% &4 L1M
13 25:40:10 1%SN, 0.3%VEC, 1%DENE | 11 LiPFe
SEREW] | EC:PP:DEC:PC=25; | 3%PS, S%FEC, 2%ADN, 0.8% &1 LM
14 25:40:10 19%SN, 03%VEC, 1%DENE |11, LiPFe
SEREM | EC:PP:DEC:PC=25: | 3%PS, S%FEC, 2%ADN, 0.8%k 5 LM
15 25:40:10 1%8N, 03%VEC, 1%DENE |11, LiPFs
SERE®] | EC:PP:DEC:PC=25: | 3%PS, 5%FEC, 2%ADN, 0.05%k&d | LIM
16 25:40:10 1%SN: 03%VEC, 1%DENE | L LiPF;
SR | BC:PRDEC:PC=25; | 3%PS8, 5%FEC, 2%ADN, 2% &M LIM
17 25:40:10 1%SN, 0.3%VEC, 1%DENE |1, LiPF,
Sl | EC:PP-DEC:PC=25: | 3%PS, 3%FEC, 2%ADN, 1M
, %A G L .
18 25:40:10 19S8N, 0.3%VEC, 1%DENE LiPF

Zhuhai CosMX Battery Co. - EX1015
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.

IPR2025-00722

Page 8 of 23



OB B

CN 106848381 A 7/9 |
[0036]
Sl | ECPPDEC:PC=05: | 3%PS, S%FEC, 2%ADN, ———— 1.1M
oM a1y
19 25:40:10 1%SN, 0.3%VEC, 1%DENE LiPFq
0. 4% A
SEHEW | EC:PPIDEC:PC=25: | 3%PS, S%FEC; 2%ADN; L 04%ILA L1M
&) SO =
20 25:40:10 1%SN,. 0.3%VEC, 1%DENE - LiPFg
1
DA% G Y
SEHEM | EC:PP-DEC:PC=25: | 3%PS; S%FEC, 2%ADN, Ly QAALS LIM
2 R % =
21 25:40:10 1%SN, 0.3%VEC, 1%DENE " LiPF¢
Y 15
3%PS, 5%FEC, 2%ADN, 1LOM
SN | EC:PA-EPDEC:PC ; 1.0% 54 ‘
25:2090:25-10 19S8N, 0.5%PES, 1%DENE, LiPF.+0.1
22 =25:20:20:25: 1 ’
0.5% A FRIREF M LiPOsk,
_ 4%PS, 6%FEC, 1%DENE,
SEFER] | EC:MPEB:DEC:PC 2.0%A 09M
1%PN, 0.3%VEC, 1%DENE, )
73 =25:20:20:25:10 ‘ 1, LiFSI
0.5% LR FRHE
SRl | BEC-EADECPC=25 | 3%PS, S%FEC, 2%ADN, 0.8%ALEW LIM
24 :25:40:10 1%SN, 0.3%VEC, 1%DENE |1 LiPFg
o || 3%PS, S%FEC, 2%ADN, s 1.OM
S | EC:PP:DEC:PC=25: L5% A )
25 At 1%S8N; 0.5%DTD; 1%DENE; . LiPFH+).5
T 0.5%HTCN ¢ M LiTFSI
| EC:EMC:DEC:PC= 11M
FHEf 1 2595:40:10 5%FEC . LipE
:25:40:; iPF¢
S 2 EC:PP:DEC:PC=25: | 3%PS; S%FEC, 2%ADN; 1.1 M
ST L | e
25:40:10 1%SN, 03%VEC, 1%DENE LiPFq
3%PS, 3%FEC, 2%ADN, LOM
EC:PA:EP:DEC:PC
Xt 3 N— 19%SN, 05%PES, 1%DENE, |-- LiPF++0.1
B 0.5% K HERR BT M LiPO,F>
4%PS, 6%FEC, 1%DENE.
EC:MP:EB:DEC:PC 0.9M
S 4 2520202510 19%PN, 0.3%VEC, 1%DENE, |- LiFs
=LDuL 3 < A1
0.5% 5 R IR ET
FTEeH 5 | EC:EA:DEC:PC=25 | 3%PS, S%UFEC. 2%ADN, - 1.1 M

Zhuhai CosMX Battery Co. - EX1015
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.

IPR2025-00722

Page 9 of 23



OB B

CN 106848381 A /9 T
[0037]
125:40:10 1%SN, 0.3%VEC, 1%DENE LiPFg
3%PS, 5%FEC; 2%ADN, LOM
) EC:PP:DECPC=25: )
w6 554016 1%SN, 0.5%DTD, 1%DENE, |- LiPFg+0.5
o 0.5%HTCN M LITFSI

[0038] KT EA

F5 5 B 2O B SR T 3 e RS R A B L R R

(00391 St 5] | ~ 25R0S EL Bl 1~ 6 F) L AR VRA5 280 10 8 — e il ) PR R Dl s SR a4 By

o

[0040]  RASE R FX EL ) Pl S

[0041]

A5 CHHI 500 J 0T 30 K
, i _ R 0C T
FEAE | B B | BERE | BRh &
1% /% SKI% 1% 1%
w1 86.9 49 78.2 87.5 8.6 At
SR 2 85.6 4.5 772 86.3 9.2 AArE
SR 3 84.5 4.1 78.1 85.2 9.5 AR
S 4 85.8 46 77.1 85.8 8.3 A AL
S b 5 83.1 49 76.5 86.9 7.6 =
FHEE 6 82.9 5.3 782 87.1 9.3 ML
SHEm 7 83.5 438 775 87.8 7.1 ML
SR 83.3 42 773 87.2 8.2 AHTEE
FHEH 9 86.2 3.8 76.5 85.3 9.8 AL
SEfl 10 83.4 4.6 78.5 88.7 6.4 AHTEE
Sl 11 82.1 4.6 76.1 85.8 9.2 AR
sl 12 84.6 4,1 76.6 86.5 8.2 A A
S 13 84.8 4.5 78.1 89.4 6.1 AHTHE
SRR 14 85.5 4.0 76.3 86.3 9.1 AHTHL
SEH 15 85.2 43 76.1 86.8 9.5 AN
SeHEd 16 80.2 6.2 72.1 80.2 12,6 AT
St 17 83.9 3.3 733 84.5 10.3 ARYrH
10

Zhuhai CosMX Battery Co. - EX1015
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.

[PR2025-00722
Page 10 of 23



CN 106848381 A W B B 9/9 3

[0042]

St 18 85.6 4.1 77.8 87.9 7.4 A
SeH 19 85.3 49 75.5 85.2 8.2 AR
S 20 86.2 42 78.8 89.6 6.3 AHrEe
S 21 89.3 4.1 77.9 88.2 §.2 AArl
S ) 22 86.6 3.6 78.3 88.5 8.9 AWl
SR 23 88.1 3.8 77.5 89.2 6.5 ARHTHE
S 24 78.9 9.2 69.1 75.2 13.5 KA
St 25 87.2 3.5 75.1 82.6 8.2 R
LA 1 75.6 7.6 65.2 75.2 223 e
XFH 2 73.1 8.5 67.1 774 193 Mg
XHEEH] 3 74.3 7.3 67.5 77.6 19.5 i
ATERf] 4 75.3 72 65.3 76.2 202 e
A 61.1 13.9 435 45.6 65.4 ]
XL 6 74.1 7.1 67.9 713 17.2 BT

[0043]  JEILSLHE Y1~ 255X LE Bl 1 ~6HEAT X P, KR BUIMA =R IR B AL 5 Ik =
FUE BRI E AL 5 m] AT R i v I PR PEBE , RE U 4R e L b R TR AT SR R R R AR T
2, NS B T (IR 78 i B ) Bt A i

(00441 bR g A A AR S 7 3 AHA R W A st 05 XOF AN LR Seta il i
B 11 e R AT R 8 A i WY R RS A s 5 5 B R PR (K 22 L A4 1 AR AL T AL
YRR 0 BTy 30 M S AEAR K W I RSB Z 9

11

Zhuhai CosMX Battery Co. - EX1015

Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
[PR2025-00722

Page 11 of 23



CN 106848381 A

(19) China National Intellectual Property Administration

‘D (12) Invention Patent Application

(10) Application Publication No.: CN 106848381 A

(43) Application Publication Date: Jun 13, 2017

(21) Application No.: 201710029575.X
(22) Application Date: Jan 16, 2017
(71) Applicant: Guangzhou Tinci Materials Technology Co., Ltd.

Address: 8 Kangda Road, Dongcheng Area, Yunpu Industrial Zone,
Huangpu District, Guangzhou, Guangdong 510760

(72) Inventors: HONG Kunguang ZHOU Shaoyun YU Le

(74) Patent Agency: Guangzhou Huaxue Intellectual Property Agency Co.,
Ltd. 44245

Agents: LUO Xiaogiu QIU Hui
(51) Int. CI.

HO1M 10/0525(2010.01)

HO01M 10/056(2010.01)

HO1M 10/0569(2010.01)

HO01M 10/0567(2010.01)

Claims: 1 page

Description: 9 pages

(54) Name of Invention
ELECTROLYTE AND LITHIUM SECONDARY BATTERY
CONTAINING THE SAME

(57) Abstract

The present invention belongs to the field of lithium secondary batteries
and discloses an electrolyte and a lithium secondary battery containing the
same. The electrolyte comprises an electrolyte substance, an organic solvent,
an additive, and a functional compound, the functional compound being at least
one selected from the group consisting of a tricyanophosphite compound and
a tricyanophosphate compound. The tricyanophosphite compound or the
tricyanophosphate compound contained in the electrolyte of the present
invention can form films on the surfaces of the positive and negative electrodes
and can complex with metal ions to prevent metal ions at the positive electrode
from detaching and dissolving into the electrode and to prevent the metal ions
from depositing at the negative electrode, thereby stabilizing the structure of
the positive electrode, improving the SEI film at the negative electrode, and
improving the cycling performance and high-temperature performance of the
lithium secondary battery. At the same time, the functional compound of the
present invention can reduce the film impedance in a low-temperature
environment and mitigate the issue of lithium precipitation during low-
temperature charging.
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1. An electrolyte, wherein the electrolyte comprises an electrolyte substance, an organic solvent, an
additive, and a functional compound, the functional compound being at least one selected from the group
consisting of a tricyanophosphite compound and a tricyanophosphate compound, and the tricyanophosphite
compound and the tricyanophosphate compound having, respectively, structural formulas as shown in
formula (1) and formula (1) below:

R{»—CN
5
CN—R; 3—0—}|’—O—R; —CN
formula (1),
Ry»—CN
5
CN— R23—O—l||7—O—R2 —CN
8]

formula (11); and

Ri1, R12, Ri3, Ra1, Rz, and Ry in the formulas are each independently selected from the group consisting
of C1-C5 alkylene groups and fluoroalkylene groups.

2. The electrolyte of claim 1, wherein the mass percentage of the functional compound in the
electrolyte is 0.05%-10%.

3. The electrolyte of claim 2, wherein the mass percentage of the functional compound in the
electrolyte is 0.2%-5%.

4. The electrolyte of claim 1, wherein the electrolyte substance is at least one selected from the
group consisting of LiPFs, LiBF4, LiSO3CFs, LiBOB, LiDFOB, LiTFSI, LiFSI, and LiPOF,.

5. The electrolyte of claim 1, wherein the organic solvent comprises at least two selected from the
group consisting of EC, PC, DMC, DEC, EMC, GBL, MA, EA, PA, BA, MP, EP, PP, BP, MB, EB, and
PB.

6. The electrolyte of claim 5, wherein the organic solvent is at least two selected from the group
consisting of EC, PC, EMC, DEC, PA, MP, EP, PP, and EB.

7. The electrolyte of claim 1, wherein the additive is at least one selected from the group consisting
of FEC, VC, VEC, PS, BS, DTD, MMDS, PES, propylene sulfate, ethylene sulfite, SN, ADN, PN,
HTCN, DENE, succinic anhydride, maleic anhydride, 2-methylmaleic anhydride, 2,3-dimethylmaleic
anhydride, and itaconic anhydride.

8. A lithium secondary battery, comprising a positive electrode containing a positive electrode active
material, a negative electrode containing a negative electrode active material, a separator, and an electrolyte;
the positive electrode comprising a positive electrode active material for lithium ion intercalation or
deintercalation, a conductive agent, a current collector, and a binder that binds the positive electrode active
material, the conductive agent, and the current collector; and the negative electrode comprising a negative
electrode active material that allows for lithium ion intercalation or deintercalation, a conductive agent, a
current collector, and a binder that binds the negative electrode active material, the conductive agent, and
the current collector, wherein the electrolyte is the electrolyte of any of claims 1 through 7.
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ELECTROLYTE AND LITHIUM SECONDARY BATTERY CONTAINING THE SAME

TECHNICAL FIELD

[0001] The present invention belongs to the field of lithium secondary batteries and more particularly
relates to an electrolyte and a lithium secondary battery containing the same.

BACKGROUND

[0002] Lithium secondary batteries provide a number of advantages, such as high operating voltage, high
energy density, long cycle life, low self-discharge rate, no memory effects, and low pollution to the
environment, and have been widely used in consumer electronic products, energy storage products, and
power products. In recent years, as portable electronic products trend toward lighter weight and better
performance, a higher demand is placed on the energy density of lithium secondary batteries. At present,
in response to the continuous pursuit of higher energy density of batteries, a widely used strategy in the
industry is to further compact the positive and negative electrodes and improve the cut-off voltage of the
batteries. This is accompanied by deterioration of battery performance, and, in particular, it is easy for the
SEI film formed on the surface of a battery’s electrode to be damaged under a high voltage or a high
temperature; during low-temperature charging [sic], as the kinetic performance of the battery is less than
optimal, it is easy for lithium precipitation to occur during low-temperature charging and discharging, and
thus the safety performance of the battery is affected.

[0003] Patent CN201510564696 discloses the use of a dicyano compound NC-R-CN as an additive to the
electrolyte of a lithium-ion battery, which is capable of improving the battery’s performance for high-
temperature storage and cycling. Similarly, Patent CN201510964662 discloses the use of a compound
having both an unsaturated carbon-carbon bond and a cyano group as an additive to the electrolyte of a
lithium-ion battery; this enables polymerization on an electrode surface to form a compound containing a
plurality of cyano groups, and this compound can complex with metal ions on the surface of the positive
electrode material, thereby inhibiting the decomposition of the electrolyte at the surface of the electrode
and improving the battery’s performance for high-temperature storage and cycling. However, researchers
in the art have discovered that film formation by a compound containing an unsaturated carbon-carbon
double bond or triple bond increases the impedance, which causes lithium precipitation to occur more
easily when the battery is charged at a low temperature and thereby lowers the battery’s safety
performance.

[0004] Therefore, it is of significant importance to develop a lithium secondary battery electrolyte for
better high-temperature storage performance, cycling performance, and low-temperature charging
performance.

SUMMARY

[0005] The purpose of the present invention is to address the aforementioned technical issue, i.e., to
provide an electrolyte and a lithium secondary battery containing the same for better high-temperature
storage performance, cycling performance, and low-temperature charging performance.

[0006] The purpose of the present invention is achieved through the following technical solution:

[0007] an electrolyte comprising an electrolyte substance, an organic solvent, an additive, and a
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functional compound, the functional compound being at least one selected from the group consisting of a
tricyanophosphite compound and a tricyanophosphate compound, and the tricyanophosphite compound
and the tricyanophosphate compound having, respectively, structural formulas as shown in formula (1)
and formula (I1) below:

Ier—CN
7
CN—R{3;—O0—P—0O—R;—CN
formula (1),
[0008]
lez‘CN
O

\
CN—Rg3—O—P—0—Ry—CN

formula (11); and

[0009] R11, R1z, Ris, R21, Ra2, and Rz in the formulas are each independently selected from the group
consisting of C1-C5 alkylene groups and fluoroalkylene groups.

[0010] Preferably, the mass percentage of the functional compound in the electrolyte is 0.05%-10%;
when the percentage is less than 0.05%, the positive and negative electrodes are not well protected so it is
difficult to adequately improve the battery’s high-temperature storage performance and cycling
performance; when the percentage is greater than 10%, increased viscosity of the electrolyte leads to
deterioration of the battery’s performance. More preferably, the mass percentage of the functional
compound in the electrolyte is 0.2%-5%.

[0011] Preferably, the electrolyte substance is at least one selected from the group consisting of lithium
hexafluorophosphate (LiPFg), lithium tetrafluoroborate (LiBF4), lithium trifluoromethanesulfonate
(LiSOsCF3), lithium bis(oxalato)borate (LiBOB), lithium difluoro(oxalato)borate (LiDFOB), lithium
bis(trifluoromethylsulphonyl)imide (LiTFSI), lithium bis(fluorosulfonyl)imide (LiFSI), and lithium
difluorophosphate

[0012] (LiPOF2).

[0013] The organic solvent comprises at least two selected from the group consisting of ethylene carbonate
(EC), propylene carbonate (PC), dimethyl carbonate (DMC), diethyl carbonate (DEC), ethyl methyl
carbonate (EMC), y-butyrolactone (GBL), methyl acetate (MA), ethyl acetate (EA), propyl acetate (PA),
butyl acetate (BA), methyl propionate (MP), ethyl propionate (EP), propyl propionate (PP), butyl
propionate (BP), methyl butyrate (MB), ethyl butyrate (EB), and propyl butyrate (PB).

[0014] Preferably, the organic solvent is at least two selected from the group consisting of EC, PC, EMC,
DEC, PA, MP, EP, PP, and EB.

[0015] The additive is a common additive used in the art; for example, the additive is at least one selected
from the group consisting of fluoroethylene carbonate (FEC), vinylene carbonate (VC), vinyl ethylene
carbonate (VEC), 1,3-propane sultone (PS), 1,4-butane sultone (BS), ethylene sulfate (DTD), methylene
methanedisulfonate (MMDS), prop-1-ene-1,3-sultone (PES), propylene sulfate, ethylene sulfite,
succinonitrile (SN), adiponitrile (ADN), pimelonitrile (PN), 1,3,6-hexanetricarbonitrile (HTCN), ethylene
glycol bis(propionitrile) ether (DENE), succinic anhydride, maleic anhydride, 2-methylmaleic anhydride,
2,3-dimethylmaleic anhydride, and itaconic anhydride.
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[0016] The present invention also relates to a lithium secondary battery containing the aforementioned
electrolyte, the lithium secondary battery comprising a positive electrode containing a positive electrode
active material, a negative electrode containing a negative electrode active material, a separator, and the
aforementioned electrolyte; the positive electrode comprising a positive electrode active material for
lithium ion intercalation or deintercalation, a conductive agent, a current collector, and a binder that binds
the positive electrode active material, the conductive agent, and the current collector; and the negative
electrode comprising a negative electrode active material that allows for lithium ion intercalation or
deintercalation, a conductive agent, a current collector, and a binder that binds the negative electrode
active material, the conductive agent, and the current collector.

[0017] The electrolyte of the present invention provides the following advantages and benefits:

[0018] the tricyanophosphite compound or the tricyanophosphate compound contained in the electrolyte
of the present invention can form films on the surfaces of the positive and negative electrodes and can
complex with metal ions to prevent metal ions at the positive electrode from detaching and dissolving into
the electrode and to prevent the metal ions from depositing at the negative electrode, thereby stablizing
the structure of the positive electrode, improving the SEI film at the negative electrode, and improving the
cycling performance and high-temperature performance of the lithium secondary battery. At the same
time, the functional compound of the present invention can reduce the film impedance in a low-
temperature environment, mitigate the issue of lithium precipitation during low-temperature charging, and
thereby significantly improve the safety performance of the battery.

DETAILED DESCRIPTION

[0019] A more detailed description of the present invention is provided below in conjunction with
embodiments; however, the present invention are not limited thereby.

[0020] The structures of the tricyanophosphite compounds and the tricyanophosphate compounds used in
embodiments of the present invention are shown in Table 1 and Table 2, respectively.

[0021] Table 1 Tricyanophosphite compounds

[0022]
Structural formula
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Compound I3 {3
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[0023] Table 2 Tricyanophosphate compounds
[0024]

Structural formula
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RO (F 0 F Qo O o O OF o CF oo O 0N
Q

Compound I,
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CHy—CHE—CN
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{T:Z}

[0025] Below are the steps for the manufacturing and performance testing of the lithium secondary
battery according to embodiments of the present invention:

[0026] (1) Electrolyte preparation: mixing, in an argon atmosphere glove box, organic solvents according
to a mass ratio; and then adding an additive, a tricyanophosphite compound or tricyanophosphate
compound, and an electrolyte substance and stirring well to obtain the electrolyte of the present invention.

[0027] (2) Positive electrode preparation: dissolving polyvinylidene fluoride (PVDF) in 1-methyl-2-
pyrrolidone (NMP) according to a mass ratio; then adding a positive electrode active material and a
conductive agent to the aforementioned solution according to a mass ratio and mixing well; coating two
surfaces of an aluminum foil with the mixed slurry; and performing drying and calendaring to obtain a
positive electrode.
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[0028] (3) Negative electrode preparation: dissolving a SBR binder and a CMC thickener in water
according to a mass ratio; then adding a negative electrode material and a conductive agent to the
aforementioned solution according to a mass ratio and mixing well; coating two surfaces of a copper foil
with the mixed slurry; and performing drying and calendaring it to obtain a negative electrode.

[0029] (4) Lithium secondary battery manufacturing: making the positive electrode, the negative
electrode, and the separator prepared above into a cell; injecting the electrolyte obtained in Step (1); and
performing formation and other process steps to complete a lithium secondary battery.

[0030] (5) Battery performance testing

[0031] High-temperature cycle test: performing a charge/discharge cycle test on the battery at 0.5/0.5 C
rate in a 45 °C temperature chamber. High-temperature storage performance test: performing charging and
discharging of the battery once at 0.5/0.5 C rate in room temperature; then storing the battery at a high
temperature after fully charging it at 0.5 C rate; performing a hot test on the thickness of the battery after it
has been stored for a period of time; and performing a charge/discharge test at 0.5 C rate once the battery
has cooled completely to calculate its capacity retention rate and capacity recovery rate. Low-temperature
charge test: discharging the battery at 0.5 C rate in room temperature; fully charging the battery at 0.3 C
rate after resting it in a high/low temperature chamber at 0 °C for 4 hours; and then disassembling the
battery in an argon atmosphere glove box and observing whether lithium precipitation has occurred on the
surface of the negative electrode.

[0032] The composition of the electrolyte in Embodiments 1-25 and Comparison Cases 1-6 of the present
invention are shown in Table 3.

[0033] Table 3 Electrolyte composition in embodiments and comparison cases

[0034]
Organic solvent Additive Functional Electrolyte
compound substance

Embodiment | EC:EMC:DEC:PC = | 5% FEC 3% Compound |1 1.1 M LiPFs
1 25:25:40:10

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound I | 1.1 M LiPFs
2 25:25:40:10 1% SN, 0.3% VEC, 1% DENE

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound I> | 1.1 M LiPFs
3 25:25:40:10 1% SN, 0.3% VEC, 1% DENE

0035]

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound I3 | 1.1 M LiPFs
4 25:25:40:10 1% SN, 0.3% VEC, 1% DENE

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound I4 | 1.1 M LiPFs
5 25:25:40:10 1% SN, 0.3% VEC, 1% DENE

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound Is | 1.1 M LiPFs
6 25:25:40:10 1% SN, 0.3% VEC, 1% DENE

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound Is | 1.1 M LiPFs
7 25:25:40:10 1% SN, 0.3% VEC, 1% DENE

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound I7 | 1.1 M LiPFs
8 25:25:40:10 1% SN, 0.3% VEC, 1% DENE

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound 1.1 M LiPFe
9 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | II;

Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound 1.1 M LiPFs
10 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | I,
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Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound 1.1 M LiPFg
11 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | Il3
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound 1.1 M LiPFs
12 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | Il4
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound 1.1 M LiPFs
13 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | IIs
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound 1.1 M LiPFs
14 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | llg
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound 1.1 M LiPFs
15 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | II;
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.05% Compound | 1.1 M LiPFg
16 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | I,
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.2% Compound |1 | 1.1 M LiPFs
17 25:25:40:10 1% SN, 0.3% VEC, 1% DENE
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 5% Compound |1 1.1 M LiPFs
18 25:25:40:10 1% SN, 0.3% VEC, 1% DENE
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 10% Compound |1 | 1.1 M LiPFg
19 25:25:40:10 1% SN, 0.3% VEC, 1% DENE
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.4% Compound 1.1 M LiPFs
20 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | 11, 0.4%
Compound Il
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.4% Compound 1.1 M LiPFe
21 25:25:40:10 1% SN, 0.3% VEC, 1% DENE | |2, 0.4%
Compound Ils
Embodiment | EC:PA:EP:DEC:PC 3% PS, 5% FEC, 2% ADN, 1.0% Compound 1.0 M LiPFs
22 =25:20:20:25:10 1% SN, 0.5% PES, 1% DENE, | Il4 +0.1M
0.5% itaconic anhydride LiPO2F2
Embodiment | EC:MP:EB:DEC:PC | 4% PS, 6% FEC, 1% DENE, 2.0% Compound I7 | 0.9 M LiFSI
23 = 25:20:20:25:10 1% PN, 0.3% VEC, 1%
DENE, 0.5% maleic anhydride
Embodiment | EC:EA:DEC:PC = 3% PS, 5% FEC, 2% ADN, 0.8% Compound Iy | 1.1 M LiPFg
24 25:25:40:10 1% SN, 0.3% VEC, 1% DENE
Embodiment | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, 1.5% Compound 1.0 M LiPFs
25 25:25:40:10 1% SN, 0.5% DTD, 1% Ilg +05M
DENE, 0.5% HTCN LiTFSI
Comparison | EC:EMC:DEC:PC = | 5% FEC -- 1.1 M LiPFs
Case 1 25:25:40:10
Comparison | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, -- 1.1 M LiPFs
Case 2 25:25:40:10 1% SN, 0.3% VEC, 1% DENE
Comparison | EC:PA:EP:DEC:PC | 3% PS, 5% FEC, 2% ADN, -- 1.0 M LiPFs
Case 3 = 25:20:20:25:10 1% SN, 0.5% PES, 1% DENE, +0.1M
0.5% itaconic anhydride LiPO2F,
Comparison | EC:MP:EB:DEC:PC | 4% PS, 6% FEC, 1% DENE, -- 0.9 M LiFSI
Case 4 =25:20:20:25:10 1% PN, 0.3% VEC, 1%
DENE, 0.5% maleic anhydride
Comparison | EC:EA:DEC:PC = 3% PS, 5% FEC, 2% ADN, - 1.1 M LiPFg
Case 5 25:25:40:10 1% SN, 0.3% VEC, 1% DENE
Comparison | EC:PP:DEC:PC = 3% PS, 5% FEC, 2% ADN, -- 1.0 M LiPFs
Case 6 25:25:40:10 1% SN, 0.5% DTD, 1% +05M
DENE, 0.5% HTCN LiTFSI

[0038] In the table, percentage refers to the mass percentage in the final electrolyte, and concentration
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refers to the concentration in the final electrolyte.

[0039] Results from the performance testing of the lithium secondary battery made with the electrolyte
according to Embodiments 1-25 and Comparison Cases 1-6 are shown in Table 4.

[0040] Table 4 Testing results for embodiments and comparison cases

[0041]
45 °C, 500 cycles 60 °C, fully charged, stored for 30 days Low-
Capacity Thickness Capacity Capacity Thickness temperature
retention rate | change rate | retention rate | recovery rate | change rate charge at 0
1% 1% 1% 1% 1% °C
Embodiment 86.9 4.9 78.2 87.5 8.6 No lithium
1 precipitation
Embodiment 85.6 45 77.2 86.3 9.2 No lithium
2 precipitation
Embodiment 84.5 41 78.1 85.2 9.5 No lithium
3 precipitation
Embodiment 85.8 4.6 77.1 85.8 8.3 No lithium
4 precipitation
Embodiment 83.1 4.9 76.5 86.9 7.6 No lithium
5 precipitation
Embodiment 82.9 53 78.2 87.1 9.3 No lithium
6 precipitation
Embodiment 83.5 4.8 77.5 87.8 7.1 No lithium
7 precipitation
Embodiment 83.3 4.2 77.3 87.2 8.2 No lithium
8 precipitation
Embodiment 86.2 338 76.5 85.3 9.8 No lithium
9 precipitation
Embodiment 83.4 4.6 785 88.7 6.4 No lithium
10 precipitation
Embodiment 82.1 4.6 76.1 85.8 9.2 No lithium
11 precipitation
Embodiment 84.6 41 76.6 86.5 8.2 No lithium
12 precipitation
Embodiment 84.8 45 78.1 89.4 6.1 No lithium
13 precipitation
Embodiment 85.5 4.0 76.3 86.3 9.1 No lithium
14 precipitation
Embodiment 85.2 4.3 76.1 86.8 9.5 No lithium
15 precipitation
Embodiment 80.2 6.2 72.1 80.2 12.6 No lithium
16 precipitation
Embodiment 83.9 5.3 75.3 84.5 10.5 No lithium
17 precipitation
[0042]
Embodiment 85.6 4.1 77.8 87.9 7.4 No lithium
18 precipitation
Embodiment 85.3 4.9 75.5 85.2 8.2 No lithium
19 precipitation
10
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Embodiment 86.2 4.2 78.8 89.6 6.3 No lithium
20 precipitation
Embodiment 89.3 4.1 77.9 88.2 8.2 No lithium
21 precipitation
Embodiment 86.6 3.6 78.3 88.5 8.9 No lithium
22 precipitation
Embodiment 88.1 3.8 775 89.2 6.5 No lithium
23 precipitation
Embodiment 78.9 9.2 69.1 75.2 135 No lithium
24 precipitation
Embodiment 87.2 35 75.1 82.6 8.2 No lithium
25 precipitation
Comparison 75.6 7.6 65.2 75.2 22.3 Lithium
Case 1 precipitation
Comparison 73.1 8.5 67.1 77.4 19.3 Lithium
Case 2 precipitation
Comparison 74.3 7.3 67.5 77.6 19.5 Lithium
Case 3 precipitation
Comparison 75.3 7.2 65.3 76.2 20.2 Lithium
Case 4 precipitation
Comparison 61.1 13.9 435 45.6 65.4 Slight
Case 5 lithium
precipitation
Comparison 74.1 7.1 67.9 77.3 17.2 Slight
Case 6 lithium
precipitation

[0043] By comparing Embodiments 1-25 and Comparison Cases 1-6, it is found that the addition of a
tricyanophosphite compound or a tricyanophosphate compound can effectively improve the battery’s
cycling performance, significantly increase the battery’s capacity retention rate after storage at a high
temperature, suppress thickness expansion, and mitigate lithium precipitation during low-temperature

charging.

[0044] The example embodiments above are better embodiments of the present invention; however, the
present invention is not limited by the aforementioned embodiments, and any other alteration,
modification, substitution, combination, and simplification made without deviating from the spirit,
essence, and principle of the present invention shall be equivalent replacement and shall fall within the
scope of protection of the present invention.
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