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FEERATR: BRI

SFR: NaCuxMnyFe 14y, 02 (x: 0~0.2, y: 0.3~0.6)

TERN RS 7 st R A E A R, SRR C =AU AR BE, 7 R A s LA & Jm
BT U EIE FH AT ASR A RSP 3 T8 R AL . AR R AN = 0 IR AR B R G LA 0 R 1 A S 1 A
REFIfEfE R E P, 2 H AN 7 Bl AR R R 2 —
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PUEEAGHR . E BRI A SR BB R A E O AT IR, BRERAN AR, et il [ A S il

4 NaxCO3.CuO.Fe;03 Fl Mn, 03 4% — € ELBIR &, KR G WILE Bl T HBoe , #Boe 1] U 28 700°C ~
900°C, B2 S ML A T e JBUGE S5 K P OIS O AR, TR MR IR & it o
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IR R B BT AR B R EA Y IEM A R, 2021 4R 7 L, TR RAT T A F S — AN E TG,
RO R RE 25 1L 160Whkg, TEET 20 fRIREEMRIRMIAEE T, T058H 90%LA L1 i fRFE2E . 2023
4R, THER AN T I R VR AT I 4

TEARMBHME NN T R AR, B3RS IR R T . TR E . SIKIEERE. 763F
PERE . AR E TR, T2 2025 45, filf AR AN F it HH R TR SOGWh, A7 VoK idh N J
AR IE P R, TEMLTE ST, SBRER RN B A MGG Re T N AT S, TS R EMAE AW
Tto B, AT R R K R, REmreR i, TE KRR, e HEE AR KR
F i SR AR R IR AT AR A TE JE BE, AT ORAMTAL S (o R IPUET = i, B AR A AR HE AR,
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FRRE I R B B BT NIk B B v R AR R ER IR BN L TAT AR RIS, T 2024
10 A ~2024 4 12 A7 7B MR RIME S TAE . Eoea i) 7 B N AMRE XA 2B AR R, IFmdre.
fE R AL R BRBHAT IR, TZ BRI ARHEIBIT TAERI R L. 2025 £ 1 B 21 HiEE 2 EB RSB T
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5 MRF M ARER SRR H FIA S8, 0T ARSI R WAE . BN BT T IR
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HEATIRAIE 1R 56
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M. tREHIEFERNS RIfEKRE
1. e
R AR 1 R (4 P4 25 RO AR R AR RN I P, AR A v 3 L ) A 25 R
ASCAFRE T AN 7 i F AR SR R A I Bk L R TTE . ARRERIIN . AR BN BEAT SR DA S
B, AT
AR SCAIE FH T AN 1 F v AR R R A
FEr % R A AR T B E AR
2. RKiEFEX
ARSI 7 BT I ARTE R E
3. EX
3.1 #EMUIEREE
AFRERRIE T B AR SRR SN, e T E0R S EEaE (Na) FHEE (CutFerMn) A&,
R AN E SR, APRAEZFITHME T4 (Ca) « 58 (Cd) « B (Cr) + B (Mg) «  (Pb).
B (S) « fE (Si) « B (Zn) FRAEN (Na) FIRGVESRY. HAhFabs e 7K. pH. IRSEHRE. K
Sy A AL R AR
[FI IEHE T IEARA R YRR PP PR : BT OB LA B RGO AR AR IR
AP T BT Bk 2 FE bR BORG 56 25 A T F .25 FE Ol 85 Kpas #8110 C 2 CHIE 2 THF b A
A 2 h B, IR BREERAL SR BRI “ LAT3E .
3.2 S\
AR AE SN TR AR R (I E AR — B, AR AR SEBr s b = S AR e S KRR, Bty
) %%ﬁ%o
3.3 IBWRESKMIHE
3.3.1 WERTEENHE



AFR AR T 37 A AR AR R AN ™ S bR E L, FE T E R S e H AT E N & RS
EARMR I E & —FET, 308 17.00%~23.00%. k& 8 E Z R K, £ 23.00%~53.00%2 7], H
AR S B TR BTN 42.00 %~53.00 %. 5 5EJE SN E T IR R, 5L 2k Lu ) 2 VR A AR R A
B E AR R AE 2 Fh™= 2R A, RRAEAE IS UEEOR 45 R, AARERUE S B EE RN 17.0%~23.0%
ik & R bR B E N 42.00%~53.00%

B (Cd) & (Cr) &Y (Pb)  fE (S NFEZRF, ENESRBEA—F, BHE A KT 0.02%,
B o(Ca) « Bk (Mg) « 8 (Zn) 3NICHERANBIICER, 1R ERTEHATH P 20K, & 5 it u0r i
FfE. i (S) B EIBIRERIILE 0.25% L.

LA T, AFRHEAE S fRAR BRI E LR 1.

x 1 SRR NI FER T EAREK

A=3%y 5B RESHO /%
W (Na, PAFHEI) w/% 17.0~23.0
WEE (CutFe+Mn, AT HEwW% 42.0~53.0
5 (Ca, AT wi% P
B (Cd, PAF3EH) w/% <0.02
B (Cr, DL wi% <0.02
B (Mg, BLFHEI) w/% ]
B (Pb, PLFIEH) w/% <0.02
i (S, LA wi% <0.25
fit (Si, PLTEE) wi% <0.02
Bt (Zn, UUFHH) w% N

3.3.2 “REWEENHE

AEARAA R ] 45 1 vt W R VRS R A AIE B, LA B R il A S B A AN M BR IR B 25 T 3 U A, 0
FHEHI L REAT L it 26 T 248 LB MEm . MR SRR BRI S = m, BRI RN, K
WA RN TR RE: SRR, B BREREN SR I v ] RS R A e LA IR A B B I
GNT FEARL RN BT A, PR L AR PR AR S AN BRIRIN & I B IR B A A Al
FORVL A= Al H AT T 20K0F, MU R & R A KT 2.0%.

3.3.3 HiMEFYMHE

g S P B PR RE SR K, IERRAA AL A 5k B R M S A et v T e 2 T R R A, 3 R S
HCHRILG, MEE R at:, KE bl AR R e & . iR % 7 75 ik
)& ENA KT 0.0003%.

3.3.4 KGHIHE

MUK s e il R I8 L2, 35 2 Rk N 5 51 R 2 AT, WO RS AR
A K>S AT B R AR R RAR bR R 2 FraR, RS A i s L R A AL R, B
L B KAH 0.2% 1 F A LA HOZ i HE b o



R2 EBERRMAKG S ERIERE

T#FE 24 i 3#bE 4HIE A SH#IE

Koy R
/%

0.05 0.14 0.13 0.19 0.13

3.3.5 pHEYIRE
HRAE A= S S BriE ol , pH & WA KT 13.00
3.3.6 IRELEBERKE

PRSLE LR RIS AR — N E 2R, OV E 7RI IR, IR AR,
% S5 P _E BRI 577 AR AT 9%, DRI R IR S 8 B2 BB A0 R BRAZ ), AR 5 R ESR AV T 1.4 glem®s

3.3.6 MENHIKE

BLEE AT FE AR LS Dos Dios Dsow Doo F1 Digos 1HAZER Dso #b, &4 AR AT e bn 2 il K,
M PLGE—BRtE, H. Dso /&80 43 A0 HIAZ O Fa b, Rt R Dso EEK, AR 48 AR 25 SR 2 8 3.0 um~15.0 pm.

3.3.7 HEERMEMIRANEE

7 i R EE R T AR SR AR AT FR bR AE OC,  ARIE AR E BB RAT /- A 845, LRI TR R & E N 0.1
m?/g~1.0 m?*/g.

3.3.8 BERMELLAEMRE

FEAEEIEE2.0 V~4.0 V, 0.1 C FRBHAEZFAE T 185 YUK H EL AR 8 RIA /N T-100 mAh/g.
3.3.9 EBRAMBHENRE

FERRTEHLUETE 2.0 V~4.0 V, 0.1 C 8 HLAS 28560 N 1B IR F0 0 HL A% AN /N T-80%
3.3.10 fBEIAEHINILE

AT, IEARA R YRR T e br £ 2SR B R BOE LA R | IR RIS NE . Horpy
YRR H Ll 7 R T N LR LR R A S, AR VARG B, fERIEN,  SZ AL L YU
2.0~4.0V, PEEHMERE ) FL e VG 19 422.0~4.0VIEAT JE

A P 2 R AN R B R B4 2 R R B AT € o B i AN [F) Al i TR 2 A
Ky AR RIS NVAEIA AT A £E300/H LA T, 27525 84T\ R R R MR AT 204, 8 A B R A T
100K

4 RIGFFEMIE
4.1 {LERTEINIE

WA I EEE 2% YS/T 1006 CGRAGRER AL S0 M7y (8 e B & 45 B TR R 5t
HEk (ICP-OES i) MIEN TR S 8. S S BN (Cd) « £ (Cr) « 4 (Pb) « BE (Si) .« 45 (Ca).
B (Mg) . & (Zn) | i (S) FHE.




4.2 NI
77 ANILEE B AR R H AR .
4.3 IKRGHIME

A= K 7 BN E HCR A GBIT 6283 (AL L= K » & B MIE  R/R SR GEM TS
20 ) A GB/T 6284 (AL L7 il K 70 I U538 TRRIRER) o TIRIERIEN s ZOREMR, H
FERZRR, IR & BRGSO dh BRI % RRBIRLE TR IREVERG B ey RZD, HEH
KTy ERARMRE S K S EAINE . ASTIF R RUE R 7> & BN A KT 0.2 %, T AR E IR R 2R 4K
FIEATIE -

4.4 BHRRWSERNE

BATES R R A A R L R e A B S KR LU IR s 1 A A, R MR T, i H
I GB/T 41704 3% T-Hk A B & B H I 8 R B2 AR AL 8 78, I R & B RS &, HAlfr
FEIKIN CEEPIRR I IR R I TT 58, k4 R eT % 10 f5BL b AR RIS R SR, A7k A v 4l
PR AR A R INR A S B U AR AERI R I & S 0 GB/T 41704 TF 5 5 & “IRRTE B
WHE” .

il 52 I Al S 4 R T A BRI X K AR E MR 2, MPRHRI K, PRI (Na) #loK st 5
AWrAZ i, BRI E B A E AR R R TR E A . 28 2025 4F 3 H TARA S UWHE#E HIC
IR SR R R T R R s A, IR, AL AL E A, FH SRR v R VU B VAT
g, VLA E M E A . 5 A AR BRI IE JOK SBE s, 3 BUBRER NI E 45 R 0w
%, PRI JRAZ SO E AR BRIR PAI (3 KR &R o H AT A IR — DI
4.5 FiMRYIHINE

FIRTAT M A ey e FH I R S 0 AR D GB/T 41704-2022 (45 - Bt IE AR BHE I 7 12 ik vk
SO E BRI E BRNE) » 2T SRR PRSP o SR IEAR AT R
FRETESY), KRR RJE R, B3R A IRE, TRV M R bE L ROmENE 24, {0 1 P JEORR
AR T ARICEA RAARAE th 23X R S AT E B AR HES 5 2 I AR IR R BB R B B
ST O R EEAT 7Tkt BEVE R OBk, B BRI R EAOTR P ARE T, W
SRR THELI FHI8 T 7 i A B
4.6 pHHIME

AL IER AR pH IS A HT KB 7, B TSRk AR IR AN AE K Hh 2 A A 0 5T, 32380 pH. Ml =
DR b s B I 3o A P Al R FH Z R AR AR 2K, AR 23 Ak A7 LA TR 77, H pH 4R FR X
29T e, A HUE TN SE REUKEAR, AR5 BUE IR AR AR, RIASO R A
WAL AVE I, 1% GB/T 9724 BURLE #EAT I
4.7 RSEBEHINE

7 A IR S FE AN 52 R AT GB/T 5162 (@R IRICEFEMME) HIMEIEAT . BILRE — & TR A
PR, B RARE RS, B EWFERRIRA A o AR I 5T 2 B DR SE R AR RS 2R
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4.8 RESHHINE

5

77 R L 23 AR KON 5E R FIGBIT 19077 CRLEE 73 WOBHTHIE) MRUE AT . Bl L& IR EE 7
BT & B R, Al O, JGIE RIRURL S DAAS A RERUH, B2 o RIS B AU, il iE
HDG AR ANEC AT AR, 15 21— R PR HURRLAR B L R RURL A AR AR X B0RE s A AR I 7 73 B, AT A5 HR
RO FEARAR I3 A o

4.9 HERERHENE

7 i EE R AR B E SR HIGB/T 19587 (UMK MY BETIR 2 [ &P LU R TR fIRLE#EAT . Hofth
AERR AR it b m ) EER T AR RS LAGE FH 5 9270, BIUBCR) AR AR R P R i, HLA o 3R T (RTAE
AN PA S 30 L) R T AR AEATGHR R A A B IR o =2 B 380~ A I, 30002~ A6 MR B I 0 AN R )<
R, ARIEBET Iy AR AR AR H 7 7 Z IR &, AT S R 1 EL AR AR

4.10 EUFMEERINE

BT AR B T b FEAL S M BRI RS AR — 3, AWK A TR, SRR R A
H I R Ge i, R H it B T R rR bR R AT AL 2 S B DR 2 e, DRI A PR UER) HLAL
2 REINA AR Z IEGB/T 23365 (SR AL FE AL MR RE M vk 1 VRO H LU 25 8 B 1 YR 78 iUH 280 DA
J7EY O GB/T 23366 (EHFREE H AL 2 M RE MR 778 AU P & 25 & PR G IR F3 am il il 7712 75
{E AN S T b 40 S T B AR 75 O Rl ARV TR R BN SRR, BTN E TR
RTHEET, WIRFEXHAE R, B SE BB IEer 4eRa IR, T Fl 32 B AR AR R A ) 75 oK
HN2.0~4.0V.
5. KIGFM

AbRER R AT I A ) KG56, 26 S S AN AT BT A B bR A ] RIGTH , BB HES L

A FRAE [F] X B A 2= PR RE HR b B 8% 10 A e 3EAT T BON RGN E -
6. =

FR A4 B P Al AR P= ISPt o, A P= it & e A KT St.
7. FREFMPEITCEH. B2, B, I07F

Bl bR G FREAN, AARUEMR R AR AR AN O PE T, M T “1Ams” AR Andi.

B R IR NN B2 N E G ERYELS, W TR EHH O AMIRER AR a4t . B35 8E20 kg
25 kg. BUHRYEH P ESR e AR AR =,

PR RS S FErh, N IR EAG . R, S A AL S R A .

PP ERER BN S AE TR AL, BIb HWA. Rk, 2.

BB B AR SRR R N E T & AbRE U E B2, 8. AR, B4 HiERFE A D
F127MH .
. FREKES

AGRHERRTE [E N SERRA = A& 2 FF R T e, WE THEE. figMmeE. BEE. BEERR

PSRRI 12 U2 48 br, BB VK> pHY KR LUERIAR 4 WV BELFEAR, [N IE i
7



BHUERBCLILA R BIRFEBCARCR . TR 3 AL br. fRrEBER G, WeE S
o REINEYIR &, WA, AR EVER
L, APk EIE A St K



Bifs= 1:

RFREFE AR EE 3R

ARG (wt.%) A 42 k3 EIE qﬁ@ﬁéﬁﬁﬂkw% 2 IR 1 7B P 1
i i
B (Na, DL w/% 17.00~23.00 17.00~23.00 — 17.00~23.00 17.0~23.0
%E@E% (CutFeiMn, DTEI) & 23.00~44.80 23.00~42.00 — 42.00~53.00 42.0~53.0
Ew/%
5 (Ca, AT w/% — — — — N
B (Cd, PLT3H) w/% <0.02 <0.02 — <0.02 <0.02
B (Cr, D2 wi% <0.02 <0.02 — <0.02 <0.02
B (Mg, PLHIEH) w% — — — — P
By (Pb, DL w/% <0.02 <0.02 — <0.02 <0.02
i (S, PAFEET) wi% <0.25 <0.20 — <0.25 <0.25
e (Si, PLFE) w/% <0.02 <0.02 — <0.02 <0.02
B (Zn, UFEE) wi% — — — — P
R (Na) w/% 2.0 2.0 — <2.0 <2.0
W% Tl % <0.0003 <0.0001 — <0.0003 <0.0003
IKGwi% — — 0.023/0.016/0.0072 <02 <02
pH (100g/L 3% ¥ <13 <125 — <13.0 <13.0
PRSLEJE/ (glem®) >1.4 >1.5 1.87/2.15/2.12 >14 =14
Dio — — 3.0~15.0 —
KA um Dso 3~15 3~15 — 3.0~15.0 3.0~15.0
Doo — — — — —
Dioo — — — — —
ELRTHAY (m¥g) 0.1~1.0 0.2~1.0 0.39/0.32/0.31 0.1~1.0 0.1~1.0
JESREE/ (glem?) — — 3.1/3.3/3.3 — —
H IR LR E/ (mA-h/g) — — 112/131/141 =100 =100
[ERAGER &N — — 94.16/91.8/92.4 =380 >80
RN RN — — — =100 =100




Mizk 2 ERtrER I 5 AXT LR
X HEE LR T . _

B ER S (wt.%) I 2 IR 1] 5B A 1
By (Na, PAFFEEH BllE
W4k (CutFe+Mn, LLFHEiH) &
e
B (Ca, PAFFETH) MMlE
G (Cd, LAFHEH) mE
B (Cr, PLF3EH) mglllE ICP-OES7% ICP-OES %
B (Mg, DIFEH) ByllE
Hi (Pb, PAFZEI) BJlE
B (S, LATHEH) ilE
it (Si, PAFHEE) Bylle
B (Zn, DLFHHEH) BIlE
FRAYEN (Na) il sE T il 4 7 V2 TR Bl 5 V%
W S BT X7 ICP-OES %
Ky I RIR « BAREE RIR » PRk
pH (100g/L_EiE#D HllsE pHITZ% pHit%:
RSC L e IR S 25 I v P S % W 5 v
L FE 53 A7 1R 2 BORRTSE BoLfmihE
FLR AR B 2 SRR BET 2% AR BET ¥
T UHCH B 2 0 s
T CTBCR R 1 2] 25 e 3l -0 AR Y 21 25 E - IR T
(EEz bl bed

10




Btz 3: #EmSclEE

Mz 3-1: HERSRIERR
fobr FE BRI BY% TG R o 8%
Na WG E cd Cr Pb Si S
1R, 19.98 46.40 — 0.0088 — 0.0127 0.0949
HEE 17.40 48.83 0.001 0.0069 — 0.0147 0.219
3HRE 22.41 50.46 0.0003 0.012 0.0046 0.0165 0.2459
A#FE 18.49 51.75 — — — — —
SHEE M, 18.56 48.38 — 0.0066 0.0019 0.0194 0.0870
MiFk 3-2: YIFR M BEFNER 1L S BEDOIESE
VIR RE HIAL 2P fE
{7 BRAR BN PR | LR 0.1 CH KA | 0.1CE KK
K 1% pH D50/um
1% /g em® | /m2g! LA E/mAh g-' | HE/%
145 0.05 0.20 12.66 2.08 0.25 11.10 114.6 83.6
2HFE 0.14 1.19 12.88 1.49 0.46 8.55 — —
3#FE 0.13 1.59 12.49 1.49 0.47 7.20 100.3 80.1
AHEE 0.19 1.53 12.99 3.53 0.52 8.55 — —
SHFFE i 0.13 / 12.57 1.87 0.46 12.80 108.6 85.1

11




Fizk 3-3 1l 1 E—4F &/ FITS0N R

52 1 2 3 4 5 6 7 8 F9E S
B (Na, BATH) wi%e 19.05 19.26 19.32 19.28 19.39 19.3 19.07 19.46 19.27 0.14
Hi5R%k (CutMn+Fe, DAF3E
5y 36.58 37.24 37.27 37.48 37.57 37.46 36.95 37.66 37.28 0.36
W o(Cd, DATHE) wi%e <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001
B (Cr, UTHEH) wi% 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0
Bt (Pb, DATEE) wi% <0.0001 | <0.0001 | <<0.0001 | <<0.0001 | <<0.0001 | <<0.0001 | <<0.0001 | <<0.0001
i (Si, PAT2EH) wi% 0.013 0.014 0.013 0.015 0.011 0.013 0.010 0.014 0.013 0.002
B (S, BATEEH) w% 0.154 0.151 0.156 0.155 0.154 0.151 0.153 0.152 0.153 0.002
5 (Ca, LAT3EH) wi% 0.024 0.023 0.022 0.025 0.022 0.024 0.023 0.024 0.023 0.001
B (Mg, BT w% 0.149 0.149 0.159 0.158 0.157 0.158 0.160 0.159 0.156 0.005
B (zn, VLT wi% 0.048 0.049 0.049 0.043 0.044 0.047 0.045 0.043 0.046 0.002
BRAH (Na) wi% 1.8 1.9 1.9 1.8 1.8 1.8 1.9 1.7 1.8 0.06
R 4 wi% 0.000160 | 0.000118 | 0.000144 | 0.000151 | 0.000093 | 0.000156 | 0.000131 | 0.000090 | 0.000130 | 0.000028
IKSY Wi% 0.031 0.034 0.024 0.027 0.028 0.034 0.033 0.027 0.030 0.0037
pH (100g/L 3% 12.31 12.29 12.31 12.35 12.31 12.32 12.32 12.30 12.31 0.02
PRSZEE S/ (glem®) 1.77 1.92 1.94 1.89 1.94 1.85 1.97 1.81 1.89 0.07
RLBE 3 (Dso) /um 11.46 11.13 10.88 10.91 10.86 11.01 11.02 11.48 11.09 0.25
H TR (m¥g) 0.347 0.412 0.352 0.354 0.220 0.414 0.323 0.429 0.356 0.067
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