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B R FE, BRI, A A, T RS
EWM T R¥AEESSHIE TR, BW 650093

W OE AR I AR AR R A R AR AR B S AR G, e T Rl T AR R R S SR BRI R 1R
W T 20, AN B &8 . P50 TABUR R . A E O/A . ZEBGRMRFU M B0 N E X 42 B u A IR
BRI . S5 RI. RIS, H P204 £ad ZH00 ARG, MMAEBCRAR] 99.99%, . 4. HAYILAE
EAHIN 12.11%, 9.20% ., 3.23%. FEESAAHHIS 1 gL 4RSE R IR IR BUER . A, 48, SRI5H 300g L
ISR IR = R 2K A, SRR 2 RIAF T 88.80%; I Cyanex272 SHZEHFIM AT =S M2, £hAVAETURIAF| T
94.01%, %, HMILFRIHIH 11.21% 1 0.02%, FEEAVHMHEE 1 gL SiR3ERRIETRVE IR EE, M5
FH 30 gL' 3ERER N S 384 (A DA T = SE0R #E, BRI A RILEN T 99.98%; 21 T e H P204 K IHE L IE
PR3 SRR I W TP AR L0 B Min, TS A Cyanex272 ZEHU4M 58 Co B9 T 20, ] SeBLSF SRR 1 Wi b M Al
Co BYA R . AR5 T A DR IR R SR U . RS

KHEIR) SERIRIZ NG IR P204; Cyanex272

PR R A IR, B ER, BURR, ABHE/INFEZILN, B T CH
FrEmh, RESR, BEYT e A4, PR, 2022 4F o 4 e i 0 BRI SR R i A
1.85x10° t 1 1.4x10° ¢, T 2022 4FEL A [FIKCEANA 4.15%10° t, HA 15% A EE A A5 214 2k,
R EL A A HAA 1~3 4F, QR EMCRAAS, #2025 4EATRESA 2.835%10° t JEHL I ASREAS 245 %4 [n]
e, XELFIRE bR A BEARESRE, HIRESS T R E G Y,
e BB SRS RTE TR, HAWERTEEERNME, BEERHCNETR BRI AN
Wi A&, X oeil A R R P AR R A R H 25 B, DR TH AR 1 st 9 (R R A e SR 20
[REZSIER V=]l

RAIAERGES HEA MO | BERR sk . TR SR e b s, B A R [HAE
Ha v P4 SR B s I i 8. H TR IH =JC Bl b oA 0 4 JE SR B B AR O (Bl . 3hik
)RR PUAT, B, FEROrE T E S R . ShIRGTOHURIA R PIFRE. . AT X
WA RVl R ), =2 B ZIT P204 B4, 78 pH=5.2 504 F, 2354 0.5 mol'L™" P507 il 0.6 mol'L™
Cyanex272 NZE WA, Zead PILAS A B, &5 2K OR 4051 98.21% 1 99.44%, B AL AL UK 43 51| Ky
24.42% 1 4.26%, FRALFEBOR M 15.84% F 5.11%; SRS fERBRIK R T Cyanex272, ¥IHA
pH K 4, FEBFIATUIECN 50%, ALK 75% 7247, O/A=1:1, HREHEN 2 min, Hhif—RAERCR N
98.38%, MM E N 2.28% . HEETHRIKRRIEIGS R 5 774 Cl,. SO, A FAUR. &5 H.
i ARAESRTRIR R A, DA, T WFSTE FHRRTERC IR . ORI 2R R A AL
IEAT R M4 8 A TR RO B (T3 TS E D anads ROV ARG R TH — o iz e, B
s BHE: 2023-07-16; FAHHEA: 2023-10-10
HEWB: EEHEAHEHTRHEDTE (2019YFC1907900); = /4 AA %1% Bh35 H (YNWR-QNBJ-2018-327)
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B ERLER AR R IR T 90%, T . BRI R NT 30%; ke 22 U X E AR A RE A A R TR
1.2 mol'L", AiACEIRRENMERE 0.3 mol'L ™', WL 20 gL', IZHIEE 70 °C. 12 HHE] 30 min, 458971
HA[E 96% oAy, FRRIRHERATIN 99% Zidys (HHTAT, KFAEANRRIAR R AT B R IH = ol i A
AT e

AFFEE AR A MR TP E A D, L3RR H R A b A b R, Zead A — i AR R S0
I WUIRNR RASF RGN A N & B IR WAERCR ;X s FH— el DR PR IGRI H rp ( 4 Ae E
TR, AR 2R A SR IRIZ R & B R N AEBGER, A PRI R AR
B EREE—ESE

1 #MR5REE

1.1 SEIEfERY

ARSI SR R A5 | H = JCr ML IER AR} LiNi, (Co, ,Mn, ,0, FSERERIZ . 2 1 28 Mn
226 gL' Ni57gL™', Co25gL™", Lil24gL”, 3FERMFEWE N 100 gL' R H
Mn 4.51 gL', SERMRBEEWEE R 100 gL' BHIEM RS K : Co 5.31 gL', R E N
100 gL' B IV R A : Co2.50 gL', Ni4.94 gL', Li1.28 gL', SERERFEWIE N 100 gL',
HHGH] P204 FIAEEH Cyanex272 M H B (b % Tk et A FRAS RIAE = | ZEBGRIEE A A (s 18Em) |
NaOH Jy R KU 2= GBI A PR A R A ™, SERIA B R R AR SO A R A Rl A ™.
1.2 HRHFR

SEEGHY, B e 30%NaOH WHROHR R pH B T, SRIGHEBEEM HLEHE B S A MR T4
Ww=l, TEE e L —Bemta], WU ilm = FE oA, X 028 MR R AT B ik B il 2
SRR TR, FE IS, WIS A — e T R S SRR TR S PR 5 B S A ML T/
HALH, RO BRI AR, TR ()~ 3) s, Hb MemUERE SR E T, MUtk
HE4EE T, HR FRAERGH .

AHR ) + Me" = MeR,org) +nH" )

MR ) + TH" = nHR (o) + M"* )

MeR,org) +nH" = nHR ) + Me™* 3)

K (1) BAERGIR IR S E TR AREIE AT, 2 (2) il ik B 0 R ek e

SR BT YRGB, 2 (3) SRl AR VR B S SRR NS 1 A DA T ) 8 8 1 R AR B SRR

G
2 GRS

2.1 P204 ZE Mn* #98f5%

1) ZEBCEEXT P204 6B Mn® (520 . BOR i 120 mL, BEATIHREE N 25 °C, ZEHURHE N 1~9 min,
A O/A 2 1:2 & 5:2, ZBGIMATUECN 109%~50%, =2 HK pH A 2.40~3.70 RANEAF T HIZERELK
SCSEERANE 1 FR. WE 1(a) B, BEERTRREEIN, FECRA R, (HRAAK, DB 7
Peo MAEREHER 1 min B, OV AR, ABORTE 60.00% 4475 WE 1(b) Fis, BEE ML O/A 14
I, ERRAEBCRSGEIE IS TR, ORI TR AL R R E GO T, ARAAR R
PFZEEGR P204 HZ/, HIRAMILL O/A B TIGIAERGH A&, MM O/A BU/NEF, ZEHGH] P204 34
Efse N, RIEIR RIS R —E R, FiARZARINAEBCRE - TRER . HIERRIFIFR, M
R REUARAG RGN, S0 o3 AR ASOR S oy M ORI, SRR AR AEAR L O/A S 11, HEEHUR R
63.15%. I 1(c) AT, MAEBGIAT BN 10% ., 20% . 30% I, KBERIM5H 35.87% . 65.25% .
78.70%, BEEABGIMABUMBIIREIN, AR00ABCREIEIS N, FJaaT P, SRR NBEE P204 &Y
B, AEBGA SHELAMULRN, RS PIRTURREN, IWAEBCRIEN, PG & EEn), Bl
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100% - 90% -
I/.
20% L 80% |- -
70% - /'

*H‘ 60%F w— 88— g — " M

S ] = 60% |- X _

* 400 - MILLO/A=1 # i fEl=1 min
AR H=20% 50% - HEBGR B H=20%
pH=2.4 pH=2.4

20% r- 40% |
0% 1 1 1 1 1 J 30% 1 1 1 1 1 1
0 1 3 5 7 9 11 0.5 1.0 1.5 2.0 25 3.0
A B]/min HLLO/A
() ZEIUF ] %R AE BUR 15 (b) A LLO/AXH R AE BRI 301
100% .

100% 959% | /
95% |- I /
90% |- 90% |
85% |-
80% |- 85% |
75% - ¥

¥ 70% - = 80% |-

= 65% fFEl=1 min #® A El=1 min

T HIHO/A=1 5% HIHO/A=1

50% | pH=2.4 00 L AR PR B B=20%
45% -
40% - 65% |
35% -
30% 1 " 1 " 1 " 1 L 1 ] 60% 1 1 L L L L L 1 ]
10% 20% 30%  40%  50% 24 26 28 30 32 34 36 38 40
TR ARE pH
(© "FM??U%?E%%(XT%*FHR& f A (d) pH{EDRFER AE IR 1 51

B 1 ZEEREMEXT P204 ZEEX Mn> BO520H

Fig. 1 Effect of extraction conditions on extraction of Mn*" by P204

BR ABCRIA T A . B AR I EOR , P A BGIATUM R 20%. HIEl 1(d) AT,
BEEWILG pH B93EIN, FEBCRRGERN, RGBTV, XRFNEAERU N R 4R 5 TS 550
NP HBF, pH BRI FIF RN ARSI 7 i T, 24 pH=2.96 i, ZHCER 89.75%, i
YRS pH, FEBCERHHAEREN, PUHGERE AR pH N 2.96., BUR K 1 7R EScm 61 F 3T =gk
TAEBSEES:, FRAAEBCRAT RS 99.99%, B, 4. FRAVHLAERIGIN 12.11%, 9.20% . 3.23%.

2) Hifth 4@ 27X P204 ZEH Mo B54MH . watt'.mz]lzo ml, JPRIIIA—E RIS . BRRRER . BRIR
B HATIREE R 25 °C, FEBUNHEA 1 min, AHEE O/A=1:1, ZEHGAATECK 20% BIZEEEELE, Souhsh
WK 2 7R BEERGES TR I, 5655 TAEBCRAEGHS N, T S8 hs pH & /EAR
1k, WIh pH 2SR 2.44~2.65, FEICAEVE FAEEMIBIL T, P204 XHERAIABCRM 63% LEHTHE 73% Kt
TRIE S TS, SERIZEEERI 60.30% HEHNE] 70.40% , iR B A BCR RGN 3208 i TUS Il S
Hwth pH (EZALS IR o TE A BCRAEAEB W, M . 450008 R EEAWIRER ., h
[ 2(b) Al BEEER R T RSN, AR TR BCRARIG I, A TR, FEohs pH A

90% 90
0%k 150 70%f ﬁ// 170 80%} -/.\_/'—_' 180
700 170 60%[ 160 70%} {70
60%[ — i 160& . 50%F — 150 % . 60%f —a i 160 3
# So0f —— i 50};% & 400} +%$ a0 X soof i soﬁ
42 40% — TEAM 403& ¥ 3000 BRK Polk #a00f —— AERM Jaok
30%[ 130 N ./’\\\‘ X .
0%k s 20%} 120 309%} 130
10%} H—/_lo 10%}- A_A__/A/‘ 110 20%f -<t><;:,{:‘ 120
0% 0 0% . . L L 0 10% : . . 10
0 05 1 1.5 2 2530 35 40 0 2 4 6 8 10 0 05 10 15 20 25
B TR /(g L) B TR (g L) BT R (g L)
(a) B S YR SR AR R (1 3 (b) BB T HIE A A MR A 5 i) (c) LS FYR IR IR (19 5 )

B2 Hfb&EETXt P204 ZEE Mo KIS
Fig. 2 Effect of impurity ions on extraction of Mn** by P204
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AFH 2.48~2.78, TETERES TAAAEMITEILT, HRAAETUCR I 64.00% 24 TH2E 78.00% ZaAv, U INELE T
J& , ERPFEBCE I 54.93% THE] 70.40% , UiHIER RS T A IBCRIHG I 322 TR IRIRER 52801 pH (HAR L
Sl TS TR ZEBCR IR AR, XJEh P204 XA B TRk R T ROl kEasiineies 1
FRERE, ZEBCRMC, & 2(c) nIHN, &R TR R BRI, AR T IAEBCRAWS N, A
THIRIRER, P1h pH (HAS R 2.70~3.28, FETCHLES TAAAERING LT, P204 XHAR AR 75.00% 247 LT+
# 95.00% Zity, WIS TG, BCRM 69.28% FTHZE 82.06%, UilHsHES TABCR AN F 22 T3
IIRARER T30 pH (2L S R . I 2 19 (a). (b). (c) ATAL, 3 Fies v SHan o R EUEE, T Ik
WAL, B G S A MU TR AR 2 S i A 4 SR B 1

3) P204 TEA MU AR AIRIETE . o T IHIA PSR, M 1 g L7 4609 100 gL' SERER

BWIAELE O/A=1:1 3R R T i P204 17 -

LR AU R EERAMUAETER, DERTTA L so | .

Hish Mn Jy 2.255 gL, Ni % 0.69 gL, Co ol o
023gL", YEWJGAHLAH Mn 2l 251 gL, 5% so0 |-

Ni 4 0.04 gL, Cofl#r 0.03 gL, #IE Tkt & ssal

W AR RIS, SRR RAT . ki ol

R AATHAERE, WAl KA 50|

FAERER, AHEE O/A=1:1. JZAM}E] 20 min. & 30% ) L L ! L 1
B 25 °C, SCIGZEENE 3. W& 3 A, 7EMT 100 200 300 400 500 600

SRR BE (g L)
B3 FERBREREIERZERRIZN

Fig. 3 Effect of mass concentration of malate on

FEIET, Mn BPRYT AR 55.00% iAo
TERIRER ZE S X Mn S A MU E T =200
A, RAZAIA 88.80%, MM Al L, SEHRERE
TWRRERF IR IR R 2

4) LTAMEEMER T P204 ZEHUHXT P204 A
MUAZEERT G S ARG AT T Mt o, il

Mn back extraction

I 4 T 7E 3 448.396 em ! I — B KAT 344839 Tl
I HAREIE, 7E 1 649.731 om™! HBLRIA o

ff) O-H H N2 MRS, 7EATUS, 3 448.396 3 446.964 1222978
em ' PR Bl E B AR RE AL 3] — IR,

AU 4- TIRDE B A9-OH $rh iy H WRRIRt, (A2 3 446,964 Y i

P204 i &, KEESEETHIR RIKW ., i
1 649.731 ecm™" A9 MICHEEL 1 638.274 K50, H.

4000 3500 3000 2500 2000 1500 1000 500
P/ em™

USSR A PITRAAIR, 3R P-O—Mn A4 i [H])
AR T =P IR. RS, IRahGEsm A —
SEVRSE ELIA AR 2 1 641.238 cm ™!, X2
R G A B T E R A, (BRRE RS
4, 1E 1231.570 em™' AbHEE P=0 {44 5h
W, 7EABUS, HEEY 1 231.570 em™ 8
F]1222.978 em™ Wil P=0 5 Mn BFEARN, FEEEEHT P=0 #5 Mn JER P—0—Mn fi¢
frgE, fff P=0 XU F = B EREAG, SRR WSS, Wi SEBCLESR T, FERER Mn 5
P=0 WL, fif P204 MUXTFRIER ARk, P=0 BB &4 AR L, RO RSS!, B P204 A&
BUR AN SE R Mn 5 P-O-H Wiy EUR A N, HS P=0 JE RO S g AR EL
2.2 Cyanex272 ZEEUEROAR

1) ZEHUARAEXT Cyanex272 ZHL Co™ 52 M . BUZ T 20ml, #EATEEE N 25 C, ZEHUEE R 1~
9 min, ML O/A N 1:4 F 5:2, ZEEFUAFIECH 109%~50%, Vi pH Jy 4~6 FIZERSLLES, SCIR4s a0
K5 iR . Nl 5(a) s, BN TR, ARBCRBEAAR AT, YAIETE] S 3min B, ZEHCER

4 P204 BHBLIINEE (N LAORGHEERHIE, 285
BIE. REREIH)

Fig. 4 P204 organic phase infrared spectrum.(From above, it
was followed by fresh organic phase, post extraction organic
phase, post reverse extraction organic phase)
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100% r 100%
90% . 90% L /-/.
0% L ./ \./l\. S0 L ./l

o L
60% |- :
s ¢ B # 60% | Hl=3mi
509% |- A H.0/A=1.0 [ i ]=3min
FHGIMAR 3 5=20% 500 L HPFIABH=20%
4v - F-#ipH=6.0 ! F-#ipH=6.0
30v 40% -
20%0\; n 1 n 1 n 1 n 1 n ] 30% L n 1 n 1 n 1 n 1 n 1 )
0 2 4 6 8 10 0 0.5 1.0 1.5 2.0 2.5
A ] /min HHLLO/A
(a) LB RIXH 4 2E BUR 19 52 1) (b) HHELO/AXT AL LR (151
100% 100%
o N m
95% | i} [E]=3 min
) ./-/ 0% #HO/A=1.0
90% |- GRS E=30%
. s 60% |
@ 85% | =3 min §
w FLO/A=1.0 H 40% |-
80% 1 F-fiipH=6.0 ’
75% |- =
20% - /
u L )
70% ¢ 1 1 1 1 1 0% -/.l/l 1 1
0% 10%  20%  30%  40%  50% 4.0 45 5.0 55 6.0
AR B FfipH
(c) FEBUGRIATRU B0t A BUCR B 50 (d) AT pHX T i 4K B (5

B 5 ZEEIEHRT Cyanex272 ZEX Co* HUSZNE
Fig. 5 Effect of extraction conditions on extraction of Co*+by Cyanex272

87.56%, KEEAAE, I, 3 min AfAAAERUR R, HIE S(b) ATAl, BEEAL O/A BIARIIEIN, ZEBCR
AW, RIERPEES PR BE—ER, ML O/A BURKHENN, RAHMABCRIT TR ERN. %
FEEIA, FRIFIZ, LUSH et K S B SRR S A, S AL O/A Sy 101, &Y
AR R 81.97%. HIEl 5(c) AT, B AABGIAF B AW, ZEBCRE AW NG . X2
[FISh Cyanex272 FO3SHN, FEWGA S54RI LR AW N, TR SR LRI, ARSI .
MERGIAFU B 10% . 20% . 30%, ZHCRIHIN 71.92% . 91.65%. 93.72%, HAERGIARUMECH
20% W, ZEPCE EFHEEERR, ISR BGAATR ECN 20%., HE 5(d) 711, B pH RGN, #<E
FAWHEIN, 24 pH b 5~6 B, FEHCRARARMREERIIN, 2574 pH=6, FEiIIAEICRN 91.75%. BEHE I
BLRIHEAT, WS pH TEAWIREAR, HEIKAHR P8 pH AR T2 0 A, SEIMTIG KBS 205, et
VEPRIRAE T pH N 6, HUR IR IV TERAELI A N T =GO A MU S0, B IAEICE N 94.01%),
B BRAIEAER N 11.21% A1 0.02%.

2) Hl &)@ 51X} Cyanex272 #H Co™ (52T, BUZ R M20ml1, 7l i A —E SRR . IRIREE
JFEHESR, AT RN 25 °C, ZKBUSE Y 3min, M O/A=1:1, ZEBFIER B 20%, V-
pH=6 HYZEHLSZE, SCess BAanE 6 fiin. K Cyanex272 X4 . B HEA BAFHZEBGICE, FrLAMRRTERS N
—EREE TG, EEBGERDECN 20%, M O/A=1:1, ZEHAIE] 3 min, HE 7R E N
104 gL' 5 F, AFEPEET pH T Cyanex272 X EHIZEIRCR, S5 ANE 6(a) Fion, BE T pH 1)
B, EETRAETCRAEARRE N, BT IAEBCREAGIEAAS . Y pH=6 i}, EHHAEPURA 89.62%, B
HIFEBCR AT 10%, VIR pH T, 485 7% Cyanex272 A45 I FRIEATCE M, H1& 6(b) A1, Bl
BRI, B AR BORSE R T, ORISR TR LG, BRI AR —E T
K%, RIERESFXT Cyanex272 ZEGAMHIVER, (HURREE SR 7R EE R, SR G EFFEAEIRR.
BT AEPORIARLERFAE 20.00% oAy, MEEETREIKE R 3 gL' I, #iAERCE R 86.24%, DU,
MBS RECN 20.2, WERZIITrE. HE 6(c) WA, BEEHRES TR, Ahes FAMCRRs AR T
Bt TR S XA B T AR — I IVER,  ELX R AN i
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100% 100 100% 100 100% 200
80% {80 soel " s 809} l\.\-\_/- Tieo
© 60%L 1608 s 600l = leo® s 600t = . a0
3 60% 60 % 1 60% o 60 5 5 60% . 120
2 s 2 403 #40%f 150%
20%} 120 20%} 74;@14 120 20%: />.k‘ ] 4218
0% 30 a5 50 55 60 | Y2 4 6 s 10 T T v eyl
pH BT IR (g L) T BRI (g L)
(a) pHXTAE . AR AR 0 (b) HRES U BE TR AL ORI 2 (c) HRES TV BEX AL TR A S )
6 Hit&BEETX Cyanex272 2B Co* HISAN
Fig. 6 Effect of impurity ions on extraction of Co** by Cyanex272
3) Cyanex272 T EA VUM =R ST . A 100% ¢
I AR BEE, B 1 gL R s | o
10 gL~ SRRV I LUA L O/A=1:1 %5 i il wep e
IV i Cyanex272 #47 =i ZEBUR A9 sk f@ ggz: .
AHUAHGER, BEIRETA DT Co 231 gL', Ni B 0o [
0.01 gL', Li0.14 gL', PE&EEH YL Co Ny 30% -
281 gL, BRI, LS 5.47 mgL !, ool
AR RAT MO R I OB AR T AR, [ 09% p——m—e e ——
FEFM R A BURSEIRIR . AHLE O/A=1:1. R R (L)
JZ WA 10min., & 25 °C. SLEZE K 7, E7 SREESREN Co RERMEMN
H A 7 ATRL, 3 S AR A R R T e VR B Fig. 7 Effect of malate mass concentration on
30 gL' B, Co MBI #50TIK 76.61%. TEIR] cobalt back extraction
FESRAF T T =808 R Co J, Co [FEFN
99.98%
4) LEAME MRS HT Cyanex272 3 HUR X 3448596 O
Cyanex272 AHUAHAHTIG XA GH#AT T 2058
AT, W 8 B, fE 3 448.396 cm ! LA 3 446.964 VT s

1 639.706 cm ™' BRI R T — A0 S ZE

PRahig, F1 KM O-H m N2 iR shg, 78 A
1171.423 em™' MHEHPL T P=0 4s IR shis e 0031 171.423

WU, BT 3 448.396 e BMSCIAi BEI g PO I Tearrorwerte

4000 3500 3000 2500 2000 1500 1000 500

FMRET 1 639.706cm ™" (U] ETIEAL 1 649.731 cm™ Y
Bl FRREAIIER, ERAEAPRE. B gy cyanexar2 HALIANSER (N EHORDETEEAHIE,
B-OH A S5 A T BN, TAEAEH HIEEHE. REEEIE)

Jer, HRAOLAY 1 171.423 em' 1Y P=0 Ky {4 Fig. 8 Cyanex272 organic phase infrared spectrum (From
PN ZMCIEAI 1 147.078 em ™', HLIESRSE above, it was followed by fresh organic phase, post extraction
258 XL P=0 5B T AL, organic phase, post reverse extraction organic phase)

il P=0 WL T BRI, WS 1 P=0 SRS, RIS . Koy P=0 5 Co WML, (i1
Cyanex272 [XIFRIERAS, P=0 S LB L, SEUERETNGS . R Cyanex272 LN 1) S 1 S
et P-O-H MRS R ERN, HY P=0 JE LA SR ML

3 4

1) FESERRAR R T, P204 EEBGHE 1 = P iR A BT AR A BCRIK 99.99% , Horp BRAF TR A]
Ah, HHEL O/A . ZEBGIIRTR M8 . pH IX 3 MEZNT P204 AR IIAEIUCRA 5000 ; S =Z0li R e, 4
B AN 1k 88.88%
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2) TENRIRIK R, Cyanex272 ML IRGHE i = 20300 Vit A AT (i Bl i 2E IUAIA 94.01%, -
pH X Cyanex272 ZEHREEAEBCREG IR N 3%, HARSPHILRAHIL O/A FIFEHGRIARUME. il =Zusinse
B, IR ATIA 99.98% .

3) RARLIAMIGIESRRY], P204 #E4. Cyanex272 ARSI SR ES 75 P-O-H FPRYSURE B
Nz, HA5 P=0 JEMUBCOEEMRACIL

& % X i
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Extraction and separation of manganese and cobalt from the leaching solution
of cathode materials of waste lithium batteries

FENG Tianyi, CUI Pengyuan, LIN Yan, YU Xiaohua, SHEN Qingfeng"

Faculty of Metallurgy and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China
*Corresponding author, E-mail:48149079@qq.com

Abstract In response to the situation that the valuable metals in the cathode materials of waste lithium
batteries were not effectively recovered, fractional extraction of malic acid lechate was conducted to recover the
valuable metals therein. The effects of extraction time, ratio O/A, and extractant volume fraction on the
extraction rate of each metal element were investigated. The results showed that, after three-stage countercurrent
extraction using P204 under the optimal extraction conditions, 99.99% manganese was obtained, while the co-
extraction of nickel, cobalt and lithium was 12.11%, 9.20%, 3.23%, respectively. The co-extracted nickel,
cobalt, lithium of manganese loaded organic phase were eluted with malic acid solution containing 1 g'L™
manganese, and then manganese was stripping with three-stage countercurrent stripping of 300 g'L™" malic acid,
and the manganese stripping rate reached 88.80%. The extraction rate of cobalt reached 94.01% by three-stage
countercurrent extraction using Cyanex272, 11.21% and 0.02% for lithium and nickel, respectively. The co-
extracted lithium of cobalt loaded organic phase were eluted with malic acid solution containing 1 g'L™" cobalt,
and then cobalt was stripping by three-stage countercurrent with 30 g'L™" malic acid, achieving 99.98% for
cobalt. The process flowsheet was proposed first extracting and separating Mn from the malic acid leachate with
P204 and then extracting and separating Co with Cyanex272, and the separation of Mn and Co from the malic
acid leachate can be achieved. The results of this study can provide a reference for the efficient extraction of
manganese and cobalt by organic acid systems.

Keywords malic acid leachate; solvent extraction; P204; Cyanex272


https://doi.org/10.1016/j.jhazmat.2022.128312
https://doi.org/10.1016/j.jclepro.2022.130535
https://doi.org/10.1016/j.jclepro.2022.130535
https://doi.org/10.3969/j.issn.1006-446X.2008.02.002
https://doi.org/10.1016/j.cej.2015.06.071
https://doi.org/10.13355/j.cnki.sfyj.2019.04.005
https://doi.org/10.3969/j.issn.1674-8522.2019.06.004
https://doi.org/10.12034/j.issn.1009-606X.219221
https://doi.org/10.19476/j.ysxb.1004.0609.2013.07.039
mailto:48149079@qq.com
mailto:48149079@qq.com

	1 材料与方法
	1.1 实验原料
	1.2 实验方案

	2 结果与讨论
	2.1 P204萃取Mn2+的研究
	2.2 Cyanex272萃取钴的研究

	3 结论
	参考文献

