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BORIRE o A DU TR B SRR R I EOR, BRI AEAT R B L

BAR S B B KRS, MRASONE R IER (1 NCMD 1) 30-50%.

(2) BARZTES )

RER S . AR ERRIN IR R AL R B AlIA 250-300 Whikg (4Hil) , T fimeks (LFP) /K°F.

KAGHE Sy: @IS (G P/Os EAMD , EIFF A EIEME 3000 K (80%AEIRFFE) .
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sis BLAT3I5T, FOR RS RTHE (4KE0
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BYIERRATRL™ SbRiE,  DLAYE S8 — B AR ER IR AN IR AR B BT B 4R A 42l BEoR TR 8 e IE R R T b A 7
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PR, 2 H AT T E A EAR A R AR —, R B R R IR AN IE AR R T 1 P AR . AR SRR
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ASAFHLE TR BRI ARTEAE S, BOREDR . BB 777, SN, brd. ok, B, .
BEAT SCAFANT B (BRETRD A
AR A T AN T L LE AR R R BRI B o

2, BRARERNHE

1) LZERy

BB T AR R R IR AN AR T2 REH SR ALY (NIO. MnO. TiO) H584JE (NaCOs) HLIIES
Ja, s (800°C~1000°C) o = FE LR NE (NI « & (Mn) 4] (Cw) [FH/~= 5] £k (T,
B (Na) , B, XS FE TR AP I EER ARG bR, A4h, B BeEM R AN B
PR — 2 BT, S B B SOK o SR RIRE R ORAE P i BT B A s —

1. & ETRERMIEREH

(1) #4 (Na)
H B R RE N BT A, 75 AR s R SE I A A . BN S TR AT AR SRR
gitafeEte. SEVRE IR, AL NPREIAE.
(2) # (N
NiZ*/Ni** B Ni¥*/Nit AWk 5 i R b A . S |l TAE IR, (Hrrgesl kK&MmEAE (i



JER-REAAD o = Ni AT Re R EIER RS N (s AR FARVREI R o
(3) 4 (Mn)

Mn* 4] Jahn-Teller 2N (5 Mn*fE7E) , SRR AMER R e . BRIRMEA, BR&E0h &R

Co) . fHId & Mn* iR FBARER, FEHEMS CELERLEBTRERER .
(4) %k (TD

HAEFH = E M. TivHmiae i G Ti-0 8D kb 70 5 F2 R ARk . RIS 5225 79
B, TiBZ4 AT AR TN TiliE, SeEfRtat. TIiAS 5ENERE RN, TiidEFERIREER.

i (Cu)

P P EAE P ML 32 B DU L5 T :

D RIS EE

Cu?/Cu A AMGIE 35 14 o] S i R BEAR R e 4% S RE T, PRAR AT R R T . OB A5 3R (i 5C
R RET 10-20%) , WO IE .

2) FRE f RS

Cu-O SR CBERE T Ni-Ov Mn-O) 1] B 58 AR5 AR e v, #0078 e o R v (R AN T
AAE (a1 P2—02 #HAE) . #7iffi Jahn-Teller 548, #HATBIHAAAE Mn> (A , Cu? (d°) BIBHRTT
oIS, FRHER RS .

3) YA AL R ELA

Cu?/Cud IR R HLA, (~3.5-4.0 V vs. Na*/Na) FJRESI NFANE &, 5 Ni/Mn S AL IE 57 N T
B AR o 2% i i R DR 22 4 B 8 5 550 1) PR i i

4 RN T

FEREEAEE, CufIE T2 (0.73 A) /N Nizt (0.83 A) , FIRERSTUY KENZEEE (Wh~3.5 A
374, IiE Na'iL#.

2. FE R

FEANES 1 H it IEAR AR Cnd4R 4R R4, NaNiMn, Ti:02) HZEF= i, 45 (Ca) « £ (Cr) « £ (Zn)
FoKAr (H20) S5 2% 5oy T BEXT A R B = A2 I8 35 F THT 52

5 (Ca) &R

(DR AT AL

a) PHEME FHlIE, Ca®t (FT PR 112 A) KT Nat (1.16 A) , (HHEMEE R, & HIMHEN AT,
S8

b) BTFEBRETH, NETY HAREMEE CURIRIE Ca &8 1% 9 BRE T4 30%)

o) EMBEMG, MBI )2, AR AR

d) FEIRAAR, R FEH (>800°C) , Ca AT CaTiOsZ54a A, FHLWT L 716 S 12

2) FRAR PRI

BONFAE] Ca & E7<100 ppm.

(3) £ (Zn) %

IDREEE <Rl Al

a) EMEAL A G, Znz CEALSAETE) BUIC N2tk M2l vEAr i, BRI A8 (5 1% Zn 524
Y135k 5-8 mAh/g BE) .

b) ERGHBIR, Zn? (1242 0.74 A) 5 Ni/Mn HI2E482 R AT 6 530 P2/03 HISE K R B, 76
b2\

o) Ak, Zn nIREEMEIRITE S, WK ZnO 422, 3405 HPt.
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2) AR

BONPRRER) Zn 78 7<100 ppm.

(4) % (Cr) A4

(DR iRl

a) FAIE i & ST

FEAIE IS, Cr3t/Cr BB AL IE JF FELAT (~2.8-3.2 V vs. Na'/Na) A fig 55 Ni2*/Ni** (~3.0-3.8 V) B, Mn**/Mn**
(~3.5-40V) WIRMNHEMHTES, FHABELERHBRATERSSNE LG, HELRLEE RS
(BMS) [HL I . Crx B4 S N AT eV AR 70 4 i, (BRI SRS RIS, STk A ERCRACH.
ANTT P .

b) fnREE FIE IR

PSSR, Cr B T4 (0.76 A) 5 Niz* (0.83 A) . Mn* (0.72 A) FlTi* (0.74 A) FHEER,
A RE SRS N IR, 5 RMEHAEREHL (WER—-REAH) o CrBRmie SIEdE S E)Z T
TEPEA A, AN B R R Bl 05

FFAAE R, ERiRA RO RES CnEMEER . Cralfes 0 & mEEM (i Crn0os) , BHET
HL /B TR S AE

c) FHIHIE R A

HLRR r RAEAL, Crt Rl BRI RS M RLERII, AL M (IR 2RIEFD ME s, A B AR E
ff) CEL CIEAK-FRfgR St JBE, & e . BISN =9 (a0 CO.y Bl R) 1 HE - E it 3 I R 22
SN

SR, Cr IR R R T RE R AR AL (2Cr — Cr2* + Cr*) , SEL Ceria i IRE R 2
W, MR SEL JEE, sk 45 & 32 ik -

) e TR

B Cr MBHMERHR T (>200°C) AIREREBCAS (U CrOsrfif) il #v e 42 KU

2) FAH I

BONFRARIAI Cr & & <100 ppm)

(5) 7K4r (H0) 52

1 fmfEH

a) WM R KO S5 Wb 4N 2E (0 NaPFe) Jx%i: NaPF6 +H2 O—NaF+POF3 +2HF, HF J&
PHIEMRA R, SEGLESEHMH (W M —>Mn?) IR 25 0H .

b) AR KRR RE N (A1 H20 + e — OH™ + %Ha1) S0 M B K AN 224 XU .

c) ZERKHERAN: TKAF AT REHR AR L A% (T A NaNiuMn, Ti202'nH.0) , 2% 2 8] B I 5] K AR .

2) AR I

BONFRAR K 43 75 <50 ppm CHEARAR 7 FIEAR D .

(2) WERSEhR

PRI 7= i I SRR, 72 A R S L R K B R TR TR S R I E , 1% = AN H R 2N
B IR R SIS 25 7 [ 7= MV AR 06 ZTORS B4 1) (1) B < = AR o e He SIE 6 B2 AR 23 A A v B SR T AR )
HeE, HBEEREE. R ERERMKIEN F .

Wi BT, RSO ER R SR EAR I EH S s T AR R,

BN T Lt R AT R R BN ER AL PR AR N AT A 2R 1 IAE

*1



5 & &b
1A I 24
1 (Na) w/% 18~21 17~20
BLO(ND W% 22~27 18~25
& (Mn) w/% 12~16 16~20
i (Cu) wi% — 1.5~4.0
K (T wi/% 6~10 3.0~6.0
£ (Ca) wi% < 0.02
B (Cr) w% < 0.01
B (Zn) wi% < 0.01
K5 wi% < 0.15
JESE#EFE g/em? = 2.7
Dio = 0.1
RLEE 4 Afi/um | Dso 2~8
Dao < 20
LR A (m¥g) < 3
pH (100 g/L ¥ < 13

(3) BmfLFMtae
1) BEXRMELLEE

G RERE BRI A B (AL mAh/g) , REAPRIERI IR T i A7 B T e
HEZEMETIENRE RS EEME, AR EZRE BB it B % IR, 2eEmEEtn
o dabr. B, MRS DOR A RN 140 mAh/g, T HAARZE & 300 mAh/g, W4 b TH 75 234 T IE )
RRIATILA . R, SRR, & e k7 Sl s R AR A 45 M TE B ) A0 J30H Hh AR R AR 7
W (WZ2AREEMPIE . ATEAHA) « BAEE T2RIE, ST (WBREE. Bl 256
T IR RIS AT AT

B EAREALY) (40 NaNiosMno.sTio.202) 8% 120~150 mAh/g (HLJE Gl 2.0-4.0 V vs. Na*/Na) . 7~
mnfER RG] 2 V~4V, 0.1 C 7R FRAM4 NI E IR LA & 120~125 mAh/g.

2) BRFEMEHE

B AR S ABEA RN LA (ICE= MAAER/ABEAEEX100%) , KIE RIEH F A2 E
Pk HEZEVE GRS T T RMNERERSCES A, [KICE (W1<70%) EWE KRS T1EE EgHEET
AR (i SEL TR e HURRIR AT AR TRAE SO TIAE IS A, st As . FR, AT
WA, AR E RS (RS ARR. SESEER [ PURESET P AR
AT RN . A U RS SRR E M, ICE 5 IEAk- AR S I ) s S5 5 B AE G, VA AR e 2
1 K5

EExHEREA Y : 75-85% (U1 NaNio.sMno.sTio..02 ICE~80%) - F= b fEHLEVEE 2 V~4V, 0.1C 78l
LA 238 261 T B IR R TR AR RIAS /N T 90% .

T U A bR R B IR TR R BRSNS IE AR M S G FE I ) Pl A U T TR . A R (3120
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mAh/g) 575 ICE (>80%) HIthELIL TR @Akl BT (Ao /aik) o T2 (SRR K REIL
Be CHUARR/ SRR 256 RIS SEIL . E U e i e 3 T ) e S AN B -0 BBl 0 530, R g Sredhkl-Ha
M- FEh = RIS R, g s Ak

BB T Lt AR AR R R BN FEL AL A ME B AR AR LI & 3R 2 IR o

*2
Eizpa
A Rt 124
B R E 2 R mAh/g = 125 120
RS G ELA = 90 90

3. REFHENHE
3.1 BN, 4R, HR. ER. AL 5. 8% BEENIE

IR T E A R R A B TR R SR, R H AT T A T e i ) R
Tk, HIH AR 25 05 P52 . TR g IR . WEEERRIE 4 R iAW )E, IEANBREE%SE
FREHEIEA, HBHEABZNRGEIITENG, DRBERIERGENE S PR, 7 miR A S At
TR T BEAER, RETH TS SRR RS2k . ARPE TR IR IE S o0 RYSAE N LR R A I
KR, FHbRUEdh L5 A0 B T R AT E BT .
3.2 KpE=E

FZGB/T 45330 HHE T HUIBIERM KL K & ERNE IR RIREEIRTE

AP, JUH B ™ b K g B B I E R GBYT 45330 (CELES T HLil IE AR Ko &
P RR B EASTE) FIGB/T 6284 {4k T7= K il s (B 5% Ty « Hd, TmEE
XA EORBR, (HRRZERR, K& B R B R T e R AR B ARIE L ok B v2ks 2 3
Fs RZEN, TEIE KA S ERARBIRE S K S B INE . RS RS K S BN A K T0.15 %, ATE
KR AR IR PIETE NG H o

.3EXLEE

77 il PR S FEH2 GB/T 24533 (HILE 1~ it A7 sB R UL RL) B SRLA L E HEAT 8R4, %0575 CAE il
SRS R e 1 RN A T B

3.4 RENTH

77 ORLIE S AR (TN € 4% GB/T 19077 CRLEE /AT WOCHTHNED RIRMUEREAT, 12059812 T R0RL i (14
RLIE R Loy AR IRIAS I, 38 I A7 S K SERR L 552, 58 A RE i A Wb v ARG T 255K

3.5 tkRMEFRA

P2 EE R TR B 52 #% GB/T 19587 (SARNY Y BET vl 52 [ 40 B bb R A HIRE 2 #EAT -
BB IE R R = b v H I A B e K 22 DLl A 7 vEREAT IR, B G GB/T 19077 CRLEE S0 #T BOLHT



SHED « GB/T 19587 (AW BET VA E BV LR TAR) 55, A58 7 b IE AR AR i &
A7 BRI, SR GB/T 19587 #iE BRI VEHEAT I, S 0 A7 i B SE PR FH 5 8¢, 5842 RENS
T AR A 7 b R ARG DU 5K

3.6 pH{E

77 i pH B I E 1% 6.7 HIRLEREAT -

TR P R, 27— € B IKIE TR E Y Bk B AL dh T, R d N . T
77 PR R K R S A, S BOY Eh pH AR, DRIHCR 1 24 (0 5 VR DN E 7 R pH R 25 5 i
R E T B, ARG feE, DRI B, 8L pH tHIIE P M) pH fEL,  [A1 3 S et 7™
it R ) A AF AE S DL o I XA b SERRA I, HLEE IR AERSIE IR IR -

3.7 EfLEFIERE

P E OB EE R R B IR AR A% 6. 8 (K L E HEAT I E -

BAES  ELIRI R Rt A A PR RE DI AR B A — B, AR . R TR, FRIRENTR A
WA R G, H2 B A R AR A A 2N S B A DV 2 R, TR SR A 22 1k
REMIEEAAZIRGB/T 23365 (BARREE LA EREIN U i B OB PU R & R B IR T R R IR 5 7). A
GB/T 23366 (HHRRHE R ALZMEREN AT % TR T 6 AR R LR G ar kT %) #7505 1E. (H2 e
TR T SR O AR R ORI R R RO NIRRT T E TR R TR T
oo J T SR AL R B A% AR A A SR 2T R B, F T Y R AR M 75 SR 1 2~4V .

M. ERERRE R R E ISR
RS AR A
. RAEFMREMENCERENIER, SER. BRRZAREKTOER

ASCAHAERE S TR P R ZIRIER R, PR AR 2 E Fr A E ShF 27 fhbr i
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i

PLEE AR Fesiz 3 0. 1C Fei R
WE | pH | EHR | K2
il 27 ¢ Na Mn Ni Ti Cu Ca Cr Zn D10 D50 D90 . T B HIK AR
% pm pm pm g/cm? / m*g | ppm | mA°h/g | mA-h/g %
FEdh 1 | 19.16 | 13.90 | 26.67 | 7.76 / 67.3 5.2 41 0.996 2.219 4.493 | 2975 | 12.83 1.97 520.6 130.7 125.6 96.1
. FEd 2 | 19.68 | 11.27 | 26.07 | 9.10 / 136.0 | 13.6 6.3 0.884 1.885 3.953 | 2.969 | 13.19 1.18 680.0 135.1 128.8 95.4
izi::\ﬁlﬁ Fedh 3 | 19.14 | 14.06 | 25.72 | 7.79 / 128.8 8.6 18.4 3.634 8.066 | 15305 | 3.098 | 13.09 0.71 702.2 146.6 138.2 94.2
FEdm 4 | 20.53 | 13.15 | 25.03 | 7.69 / 2372 | 14.0 11.4 1.038 2.233 4371 | 3.063 | 13.02 1.16 613.3 137.6 127.3 92.5
FEdh S | 19.66 | 13.64 | 26.03 | 7.58 / 67.2 6.3 40.3 0.654 1.303 2.446 | 3.044 | 12.85 1.27 440.5 136.6 130.5 95.5
FEdh 6 | 17.58 | 18.84 | 23.55 3.9 3.18 | 2355 | 17.1 18.7 2.754 6.89 15.985 | 3.310 | 12.53 1.16 588.0 125.8 124.5 99.0
. FEdh 7 | 18.02 | 18.71 | 19.08 | 320 | 2.19 | 103.6 | 20.6 24.9 1.479 3.368 7.310 | 3.245 | 13.15 1.43 603.9 140 128.2 91.57
Ei:;ﬁﬂ FEdb 8 | 17.58 | 18.84 | 23.55 | 3.90 | 2.69 | 223.3 | 15.8 259 2.033 4.992 | 10.367 | 3.311 12.9 1.46 733.2 132.7 129.9 97.9
FEsh9 | 18.97 | 1823 | 21.71 | 3.76 2.7 77.7 19.4 24.9 2.899 8.228 | 17.466 | 3.294 | 12.86 0.88 381.8 136.4 126.1 92.5
b 10 | 18.02 | 18.71 | 19.08 | 3.20 | 2.64 | 103.6 | 20.6 24.9 1.479 3.368 7.310 | 3.245 | 13.15 1.43 603.9 124.2 123.1 99.12
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