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Preparation of lithium manganese iron phosphate cathode
material from vanadium tailings
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Abstract: Using the iron-manganese-rich leaching solution generated during vanadium extraction from
vanadium slag was used as the raw material, and ferromanganese oxalate dihydrate Mn, ;Fe,;C,0,-2H,0
was prepared by co-precipitation, and lithium ferromanganese iron phosphate LiFe,Mn, PO, anode
material was successfully synthesized by the high-temperature solid-phase method using this precursor,
which achieved the comprehensive utilization of the iron-manganese resources in the vanadium slag
leaching solution. The results showed that under the conditions of initial pH 3.5, temperature 25 °C, re-
action time 90 min, ammonium oxalate addition 1.1 times of the theoretical value, and the addition
mode of positive addition, the precipitation efficiency of Fe and Mn were 99.5% and 99.4%, respect-
ively. The depth separation from other impurities was achieved, and the purity of Mn,sFe,sC,0,-2H,0
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reached 99.97% with small particle sizes and good dispersion. It can be used as a precursor for synthes-

izing lithium manganese iron phosphate cathode materials, which provides the idea for the industrial

production of lithium iron manganese phosphate.

Key words: vanadium slag leaching solution, co-precipitation, ferromanganese oxalate, lithium ferro-

manganese phosphate

0 Fl¥
L XU R, 1AL RE A 10 5

KIBILNEE . WM —Fh L A8 5E | BRETACL

RS | IO A B T E AR AR, £
MR KR AALCEERE R AR A ER . BRI =
B ARV 1 DL 34, 30 AP SR A S B B FL 3l 1
PR )2 T HL s 4 RN AR AT SR, B
BREREARA AL 2E TR 65 (3.4 V)RR T Hfg i
R PR (580 Whikg), XELIE N 4 T RE IR HL ZE X6
K2 AR T5 R Y . BERR AR HR I WA
BRI AR, L TR S RERE 4.1 vV,
Ae B Ik 701 Whikg™. SR, fEMERR SR 48 P,
EfICZR ) Jahn-Teller 200 1] RES FELMAE B TE, T
B AR AR AR A B P B R B AR gE R,
P T W R A £ 5 W R A A 2 (R A TR ), 4 Ak 5
T-REME H 4B 228 W34 20 i kA VA AR, 40Xt A 1Y
B B8 A 24 9 i 8% #R 4% 22 o M7= A2 9 Jahn-
Teller 5% ", BEERAR KR LS A T BERR D IBE IR
BRI A, 7 T R B 0 RIS E TR
B e Ak, =& B MRS AR (Y
170 mAh/g) , B IA k& HAT T [ R FH i 5% A 1E A
Mk

BRI 25 I B R R Ry i SR AR 230
() AR A T 25, T AR e A AT B v T IRAA
T T ) 5 Wl R A ) 2 B A v R AR L
RBERZ I | KRR IR % . 2 R
TREAA, DA S . BRARGS . BRIREL . SRR
FR &G N OB, & BT LiMn, sFe, sPO,/C 1E AR 41
B ZAEHE 0.1C 55T, i LA R 165 mAh/g,
TE 20C {53 T, U L2 & 85 mAh/g, I
SRR R E MR RARE . Lin AT ISR
PR RRRY B | WARIR AU . W R A R B A
B, >R I [ AH 2515 3] LiMn, Fe PO,/C(x = 0.1, 0.3,
0.5), 24 x = 0.5 Af, 7€ 0.1C 5, il L 25 1>
140 mAh/g, RIFED BKMZ WL 1 2 15 Hofl
TRAVERIEFIRS AT, DABERR . S AR | iR

B RIBR IR B JFURE, AR GE A LT LiMn, F.
e,PO, (x=0,0.1,0.1.5,0.2,0.3) iEHEbHkL, BT, 24
x =03 B, 76 2C MR T, A Hh 138 mAh/g,
HEA RBIFRER e, LadE” LI—& B
TR TR RN BRIV A SR, L A b Sk
WA, A A A 725, A W T AS[A] L3I %) LiMin, F.
e,PO,/C IEM AL, Hirf LiMn, s Fe, sPO,/C B RHEA
BT SR S5 M . Yue 251 DIRSFRSE . Aismatk .
{7 Al 3£ [ o TR T - o = I NG [T L N
Mn,¢;Fe, sPO, H,O, 5 a1 £ A5 2 1) I SR AAR DAk TR R
R 2 A A R AR TR, R R R AR, AT
LiMn, ssFe, sPO,/C IEM A4 B, 1Z M R REAL 52, 78
0.1C BYMFEF, U FE 2 A 152.5 mAb/g.

FE_ RIS S0 T SR FH ) R K U
SEOTMT AR SR DRSS, IR A R g . LI
RS A R R P E A KRB
B R, A DAL R BIUB 198 o K L AR A R 1)
JEURE, ANURT LAV AR, 6 Ja S, [R] At RE S
PRI AIAT R SR . eAh, IR RO TR,
IR IER TP A HerE b, T T 20 f st 3Lt
VEVE, M AT TE U T A A, Fe it R
[P AF A A F A AR — P T Tl o s L LA
Wkt

RE, UL B3R AR U AL A o
15 B & S R 135 H RO JRURL, 3 I R R R 3T
VEHI4S Mn, ;Fe, sC,0,2H,0, LIUHAE M ETRIAS L T
PR AR TER L, B RUR A 28% R i 5 )
FEELZT pH H . IREE . ] PLEEFR R
by 2045 R kA LU i R B R, R
A P R R LA AR R A LR

1 REHH

1.1 e Rk B )

R T AL e SN R AR, 28 f U fin e
B s B s 5 AR O R R A R SRR
VW, EEEEER R DA R ARG, #5 TC R IR
W 1,



56

ZERT, AF BRI s R B BB E A AR RIS - 21 -

WIS P R SR | IRIRER . BiIR . &
K BRIRAE | BEIR — S . JO/K L N-H L Je
Fiil (NMP) . R 5 LM (PVDF) . LHR, 055
Mrali; @il i RNIEBRIL . 1 mol/L LiPF(fikfR £
flig (EC)): B2 — W g (DMC) AL 12 1,1
PPN LE S
*1 BARPIETERESE

Table 1 Major elemental contents in the solution g-L™

Fe Mn v Cr
25.21 5.13 0.26 0.24
1.2 5k

1.2.1 Mny,Fe,sC,0,2H,0 A3kl 45

BudE & FiAE SEE AR I, A —2 =&/
TR DY 28 56 VA, AT IR T AR Tk B LE oy
1: 1. SRIEINA—E B A EERREE, F 2 mol-L ' AifiR
Fe 2K pH (H, %5 B T EK B8, 7
TRV EE IR, BipE— g B[R] 45 1k, e
MRAL S R TS g, A3 BIILT0TE = Mg i, KAt
UUVE =PI .28 TR TR, RIFAE 120 C R T A
SRR, TS S BTYE BTORAA, B e X AR
RIS T o3BT FRAE
122 LiFe,sMn, PO, TEHAFRIHG Y,

SR FH R R AR, B— 2 A AT SR AR 7=, e B
VISR LN nyn © Mg © Mg—aw=1 ¢ 1.05 2 1K
B2 R B R AR AR — SRR A A B ER B
H, DITCIK SBEER BN B3RS 4 ho 4 EELT
PIPTEHEE T LR SRR, 700 °C 558 10 h,
W HI 28 253, BIATA5 %) LiFe, Mn, sPO, TERRATRL .
1.3 srHr 53RAE

fifi Fl pH i1 (PHSJ-4F) Il i pH & ; R A 1CP-
OES(ICAP7400) /g il Hh 45 0 28 7 fs SR X 4
LATHHL (DX2700) W 5 HPTTE = Py ks be r= 4 i)
i AP RE 2H A5 >R FH 45 4 L Sl fU8% (JSML 7610F )
XA Sl A TR RS 534 SR PO B 43 BT { (JL-
6100) X HETTVE = Py AL BE R /N5 R R~ 3 A it
115087 o
1.4 bR

W6 T A B AT R, 2B . PVDF LA 2 H Ry
8:1:1 WY LU BIR & )5 B T BREERE F, Jin A NMP
VERERF, BREE 30 min Ji5 BUTRER, 85 R ER7EAR
A L, WRIZIEEEN 14 um, IR SRS T
120 °C AR, EL25 T4 12 h, TS SR, YDA

LY BN 13 mm B BEIEAR A R TAEHR A, 4
FAERRT R, B 19 mm BB PR AR REVE S e s,
LiPF(Bk1R L4l (EC)) VE N B AR, 72Tl Y
FEHT, 2 CR2025 BN,

2 #REi#%

2.1 A ZE X TR A A
2.1.1 WA pH {EMIH

TE N R 25 °C . B SR 2 h, B4k
A BRIV A CEORER (O BRIS IN A BE R e 22 F) | B4
BN 1200 r/min BT, TRR T RPILG pH
BTk . B BRDTTERMSZm . 4551 A 1(a)
IR, 78 pH fER 3.0 B, BRAMGASTTRER /1R 93.5%
H1 80.4%, Bt pH (ELAY T 57, BRFNAR A DTTE 2328 ¥
¥ahno 7F pHAE K 3.5 B, BRANER I UTTE 2 7 51
97.1% 1 92.2%. FFAREEGINUIYE pH {H, PR AT
VERAREE T, (HY pH (T 3.5 I, B 4G 7=k
TUVE, HUE pH i 5.0 3] 5.5 ZPTA= A, &
BRI R VA0 pH (B SR, Vb i HAh 4
BTG KA, i ASEDTERTIRAAR b, X I S48 1
WML BR A 1Y L LA PR R g . R 1(b) ~
(e) W[ LAFE H, b pH (BT, LUTHE =4 i kE
A PN RE, BRLNAEAE R RIS . R
pH (AR, 48 & 7 Al B bR, B8 ok
FERTIRAA, T SME LA 1 Bl pH (E T, DT
MRS, AR F e, B, LA %R
FE B S UTRER R, SEwIts pH (EH 3.5,
2.1.2  JREER N

FEVI IR pHAEN 3.5, ROV TN 2 h, FER
DB A FSAE  BEFEE A 1200 v/min (5T,
PRR TR A B B UTTERI . 45
WE 2(a) iR, 18 25 °C I, 8 M4E T TE 2845 7
H 97.2% F1 92.2%, Fififs i W TR, R DTTE R
AT B, (AR AR AR R . MR R T 35 C B,
BRI IF AR DU TE, LR BE B, DITE R K.
K 2(b) ~ (e) AT LAE H, BEE R BT, e ™
YRR AR T A K, TR T R TR B T e el A AL
VE SN A R Bl REYG N, MO 3 BT AR AR AR 4 (R
TR, A A SRS, R R IR A
gt et RIS, 7E 5 Sk A R A K R AE AR A AL
ATIRA AR FE /N B TR R AR L R bead f vh
) S 3 1 LA R o e s R/ N, e S Wi A et
PERE. PRI, B ILDOTE R N 25 C.



2024 455 45 5

- 22 - M 8K H EK
100 F @ ——
///)/
./
soF o ——Cr
VYV
60 ——Fe
il —9— Mn
s
2 40
20 F
ok ’_,4*’,:%

3.0 3.5 4.0 4.5 5.0 5.5
pH

2°um

2 pm

B 1 (a) [ pH EX R KTIERAFM; AF pH E(b)3.0; (¢)3.5; (d)4.0; (e)4.5 K SEM F5R
Fig. 1 (a) Effect of reaction pH on the precipitation efficiency of Fe, Mn, V and Cr; SEM images of co-precipitation

products at different pH (b) 3.0, (c) 3.5, (d) 4.0, (e) 4.5
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Fig.2 (a) Effect of temperature on the precipitation efficiency of Fe, Mn, V and Cr; SEM images of different temperatures
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Fig. 5 (a) Effect of addition methods on the precipitation efficiency of Fe, Mn, V, Cr; SEM images of different addition
modes (b) forward addition, (c) parallel addition, (d) reverse addition
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