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Table 1 Main metal components of raw material g/1.

Mn?* Co?" Ni2* Li Fed! AP Cu?t  Ca*!

13.19 7.46 27.04 6.13 1.03 0.41 0.11 0.10
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Fig. 1 Flowchart of process
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E = po(a>Vo<a> _p<a)V<a> X IOO% (4)

pow Vo
A E—FEHURL Y05 poco ~ oo — 26 BURT L S5 7K AH
&R R . g/Ls Vi Vo —Z BT S5 7K
TR L,

D, = %2 (5)
‘O(a)
Dw
P — (6)
B(Ml,MZ) Dy,

P D=3 BE H 5 pcor ~ oo — A HLAH K AH 48 )&
B, g/ L p—r B R EG M M, —2 Fi A [H]
Ry ER A

MR, +nH"

2 KBRLER5ITIE

2.1 RUBMTBHRE

Uk > Na™ 2% Bt 5l A 3k 50 5k H Tk 2%
NiCOH) , X} 1H = 70 21 i 8 By 12 H W i 47 10
¥R, 7E 60 °CF B 80 min, 4 T IHF W pH 2
4.8 Ji. Fe, Al, Cu R Z 3% K 99. 65%.
85. 1200 F1 74. 86 0 . B 44 5 W v 32 2 4 J@ B4y WL
F2, XMIWRLATHM W LERAE. Fe' (AP
Cu®" & i B 58 B AIC L (R B Na ™ 3 it 2 15 72 A AR
IR (<20. 005 g/L), B NiCOHD), & 2% fig 5 &%
E PR PR F O 5 2 2 LA 1 AN PR 45

7IHR(0) +M7(':) (7)
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Table 2 Main metals composition of solution after

preliminary impurity removal g/L

Lit Mn?t Nt Co?" APT Cu?" Fe*" Ca?" Na'

6.03 12.54 33.23 7.06 0.058 0.026 <C0.005 0.10 <C0.005

2.2 P204 #H Mn 5iREBZ

2 NiCOH), w1 kra)a B & &
Al [Cu*' (Ca®" S5 2% T, >R B 24k P204 ZEHL
Mn, PLSZE Mn 5 Co Ni,Li B @205 5, L &
Al.Cu.Ca TR BR 2% . M J5 22 P507 L Co 2
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DLBA 2E 20 26 WU e AR 4R E S 80 TR R I
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Ay B 2R SRRV VE I 5 R L SE I Mn 1Y 1 46
JE [l
2.2.1 P204 iR E3T Mn ZEUE KM

KA pH=3. 5. FWAHI Vo /Vi=2.5, 21k
R 30% , A BEF[E] 5 min, P204 ¥ % Mn K 4
TR FE IR 2 W 2 BR .
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Fig. 2 Effect of P204 concentration on extraction

rates of Mn and impurities
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Fig. 3 Effect of aqueous phase pH on extraction

rates of Mn and impurities
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Fig. 4 Effect of phase ratio (Vo,/V,) on

extraction rates of Mn and impurities
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BSR4t BORE S TR0 A% Jo T AR K A 2 BT 78 595
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2.2.4 BEER3 Mn FEEFMG

P204 ¥ & 25% ., KA pH=3. 5, Z B AH [k
Vo/Va=2.5, ZEBE ] 5 min, 2L} Mn K 2%
JEAEBCR (R A & 5 Bros . Al . Ak R AE
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T 2% i 6 BURSEMR AN B 5L 1 Co Li JEAEBOR K
MR T o R R A R AR R S R Sl LA 2
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Fig. 5 Effect of saponification rate on

extraction rates of Mn and impurities

2.2.5 ZEEUATE R Mn ZEUE N

P204 ¥ B 25%, K H pH=3. 5, & BUAH L
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T AE BRI 5 A ] 6 FTR .
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Fig. 6 Effect of extraction time on extraction

rates of Mn and impurities
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S G R) B W A PR . AL L R S e R O T
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25 LR i E P204 B2 % BUAY fe 0 R 1 4%
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Vo/Va=2.5, 2 4L5 30% , BB} ] 5 min, £ 1k
£ F s Mn ZEHUR K 93,36 %, 24 i Al,Cu,Ca %€
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BRIy 9 R 75, 12% .80, 37 % F199.15 % , 1 Co., Li
JEAEHCR T M 16.98 %0 F18.96 %6 . Mn K343 2% it
BB = 2K BUE G HLAH (0 Min 26 BUR g oK 58 423K
U AL Cu ZERRWATA AL, i — DS
Mn 5 7% 5t A 0% [m] 5] Co Li hA2 R X5
WF5E R S AR BT 20— 25 FE L M,
2.2.6 ZZRERERN Mn

TR AR BORB ThA — PR IR i Ry R R
P4 (P204 ¥R B 25% , /K AH pH=3. 5, 2 JUAH
Vo /Va=2.5, 4% 30% . 2 A [A] 5 min) .
2 JE B L 2 IR 45 A AILAH A8 RG] L RV Y
FER R, S g A IO T R AR IOA L
Vo /Vaik— XS4,

AR R B Y A AR U HE ARG
B (Vo /VAa=0.5) BI AT SE LR 4 Mn J 2% it 43 )@
(R 78 A% L8, I ) T o A b 5 ) L Co py dt
L OBLEE T . P204 G4 AR BUAY 45 4 e AR HL
RLF 3 FELW BB AR A W A,

K3 P04 _HEBMHEEBEERE

Table 3 Extraction rates of each metal in two stage

cross-flow extraction with P204 %
Mn Al Cu Ca Li Co
99. 96 99.10 99. 87 99. 98 9.89 18.67

R4 ERBAPEIEEERS
Table 4 Main Metallic components of raffinate g/1.
Nzt Co?* Li™ Mn?t  ABT  Cu?t  Ca?™ Na™®
44.61 5.60 5.01 <C0.01 <C0.01 <C0.01 <C0.01 <C0.05

16 4 AT 22 T RFEIUR L FE AR Mn®" Je
e AP (Cu*t (Ca®' B R B BT 0. 01 g/L,
SCBLT Mn 5 Col Li Ni 155 2000 B B A 4y i I
BEBRZ% s Na ' i W IR T 0. 05 g/ L, AW iR bk 24
JE (R 2O WA T o (E B AR K AT Sz A T 1% 45 40
BRI R OAIE T 5 S0 B RN IR B L Ol I S
A AE BRI T O ORI X T e S 4R et AR e
EAR5E 4 34 Na' WA LIRS A 6. & L&
B, AR EUT S T B AR B JR BRPE L FE
P Mn 2R8I 2% 03 R B 25 53k 11 ) B A 50400+
T Co.Li (3 B 3646 45 R0 J5 S5 1 488 ML G
W5 Mn [F, FHEULHME, B4R Co Ml Li f7 78
— 5 A (R AR B 43 5 Ry 18.67 V6 F19.89 60 L H
T REAE S SR VAL R TR AT AT S R
5 Mn (953 85, Yo ORI 18] 28 28 JRORHE A7 106 2 A

L] WLAEACHY Co A Li FEAK 22 N REJE BUMT 25, DA
MTERAR L T AN BBk .
2.2.7 HRBAEVEHRKES Mn KEE

28 TR A U | B A S8R HLAR P 32
& Mn, ey — & Co.Li,Al.Cu.Ca 4 )8
BT PR 7 BRSO B 8 LA R AT R P Uk
Ve LAIEFEIE Z2BR Mn DLAMRY 4 )8 B 7. 523 Mn
MR R B EHRIAR L Vo/Va = 1. 0,45 B[]
10 min, ZEH] 0. 03 mol/L &R X} 14 2 A HLAH #EAT
SRPEE VR AR L 5.

x5 ABEVNHE=ZLKEENESBEBRE

Table 5 Elution rates of each metal in three-stage

washing of loaded organic phase %
Co Li Al Cu Ca Mn

99.98 99.99 99.75 99. 86 99.99 5.98

M2 5 Al A &0 =R, Co Li KAk
JiL R B 99 %0, 1 Mn PRBER R 2 626, Al ik 5
EREEVER Mn I H Y. TR RER S &
Co Li 547 42 J8 , #4430 26 J5 0 5 47 10 21 Ab 31
AT A M R K

TEAT VAR Z MR UE S5 » 5 R B0 s v 5 10
M2 [ 76 JC Min, - B 192 ¥R B2 X Min: 52 2 B 1Y 5 i)
WK 7 Jras . W Min B A B0 B B TR Ik JE T
o 10 0 2 T s Y A R Mk B = 0. 5 mol/L Y,
Mn 2 BUR A 99, 96 %, [ 2 BUSE A 58 4
1M B 2 A A AR OB R R B Ry 0.5 miol /1L,

100
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Mn R X B /%
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H,SO, ¥ &/(mol « L)

B7 MEREX Mn KEREHHIE
Fig. 7 Effect of sulfuric acid concentration on

stripping rate of Mn
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B, FEIERN b o g0 U AR R — s Ak
Co AT, I fe 200 1 BBV U 5 I A6, S0
Co M 24y 85, 5 P204 6 Bt 06 #H W), T A5
P507 ZBUR IR ¥ 7E i (2 25 CO) & Fikt7.
2.3.1 P507 iREEXT Co XK &

KA pH=4. 0, ZHAM L V,/Vi=1.0, 81k
R 70% , ZEEUAE] 5 min, P507 ¥ B X Co #EHUR
(A5 W] 8 TR o
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Fig. 8 Effect of P507 concentration on extraction

rate of Co
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WO 22 Li g A8 o e fd PSOT VBl 2504,
2.3.2 7k#H pH 3t Co ZEEUERA

P507 W 2520, ZEMUAH L Vo /VA=1.0, 1
A 7020 AU (] 5 min, KA pH % Co #EHL
R WE 9 iR,

100 o = = = -

80
X
S 60 +
40
& —a— Co
20 —e— Li
o o o —0o —o
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Fig. 9 Effect of aqueous phase pH on extraction

rate of Co

Ay & 9 AT 41, 7K #H pH 7E 3. 0~5. 5 a9,
Co Al Li ZHURBAMLF G E . Wik —2F 8 BIT
i B AR 515 B R B Becorn FEAT MY 3T
R R R A pH R WE N, Beors ¥ 40
TR KW Co 5 Li A RIAFHY 50 8 £
P, Hob, 78 pH=14. 0 B, By B KAE. K
312, B BLET Co 5 Li B9 B sk R fef. NIk,
W 72 e A 7K A pH=4. 0,
2.3.3 ZFEEUHELE Vo/Va3T Co ZEENE K M

P507 ¥ i 25%, K Ml pH = 4.0, & fk XK
70 % ZEHCHF ] 5 min, ZEHUAH [ Vo /V A X} Co %
BCR R i & 10 iR .

IOOL/.——I——I——I

80

X

o 60 - —=—Co

B a1 —e— Li

#
20 ;—_/’—//
Ol 1 1 1 1
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ERAMLLY /Y,

B 10 ZFEEUHELL Vo/Vaxt Co ZEENEM M
Fig. 10 Effect of extraction phase ratio (V,/V,) on

extraction rate of Co

10 AT %0 Bl A UM HE Vo /V A3 KL Co
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2.3.4 BRI Co ERENZI

P507 ¥ 25% , K AH pH = 4. 0, Z£ BUAH L
Vo/Va=1.0,ZHEIE] 5 min, BALEX} Co ZHL
R an & 11 fras . w] . B R Ak R OR,
Co #HURBETHm : M2 fhFH E 70 %1, Co
2 R IR B R(H s Ak 22 1 K B Ak %, Co 22 HUE
AR, X Em B RAER T RE
P P507 [ B . ml i gy lic & Co™' 5 Li 3k A8 HL
FRE AL R KA A T . Kt B 1
BALFE N T0% .,
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Fig. 11  Effect of saponification rate on extraction rate of Co

2.3.5 ZEEUAETEXS Co ZEENER MMM

P507 ¥k J& 25% , K AH pH=4. 0, ZE BUAH Lk
Vo/Va=1.0,84L% 70% . X Bt ] % Co % HL
RPN 12 FR .

100
80 | /
X
> 60
2 sl
—a—Co
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. ’ . i *
1 3 S 7 9
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Fig. 12 Effect of extraction time on extraction rate of Co

Hi P& 12 ] i1, Co A6 B Fifi A% BN 8] 42 < B
BT ZE IS min B K B KMH . Z )5 8 TF 22
Li M2 B e [ A IR ) A8 A WE A T . X R
B Co™" 5 P507 W BL A 2 I 8h )y 2 ik B
5 minfg DLIK B0 ZE BOPAF DRt 8 0 A 4 2K R
(8] 5 min,

g5 FRTR i P507 B FEEL Co i 4%
54 . P507 ¥ FE 252, /KA pH=4. 0, 2 BUAH e
Vo/Va=1.0,24L% 70% , 2 BUA 6] 5 min, 7¢
FEBL MR . Co ZEHUR Hy 95, 65% , Li JLAE B
H6.90%, Mk —Hikm Co WA, RH %K
AR T 2% 5k 4x Co fEATaE— 2 [k,

2.3.6 ZZREEFRER Co

TR ARG R T — i Ry R R AR
F(25%P507 , pH=4. 0, B L Vo /Va=1.0,
AR 70% , ZE BT E] 5 min) . BT A BOM F
Vo /V A X ZE AN 43 15 328 5 1 5% ) 8 2%, () ot 3l

i AU B E AR AR BRI L Vo /Va
0.5, TEZANET » GURI A WU 25 5 Jm A R
W2 6. AR m M AR T,

F6 PO7T _RZERERMNIEEERE

Table 6 Extraction rates of each metal in two stage

cross-flow extraction with P507 %
Co Li
99.92 13. 68

RT ERBPEEEERS

Table 7 Main metallic components of raffinate g/L
LiT Ni?™ Na™ Co?™
4.56 46. 85 <0.1 <0.01
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Table 8 Elution rates of each metal in three-stage

washing of loaded organic phase %
Li Co
99. 87 1.98
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Separation of Manganese and Cobalt from Spent Ternary Lithium-ion Batteries
by Nickel-Soap Extraction
LI Youxi', LI Hongbo* , CHEN Ming®, HU Zhenguang'

(1. College of Chemistry and Bioengineering ,Guilin University of Technology sGuilin 541006, China;
2. Guangxi Zhiliang New Materials Co. ,Ltd. s Nanning 530000,China;
3. Shaanxi Non ferrous Metals Research Institute Co. ,Ltd. . Xi’an 712000,China)

Abstract: The selective separation of manganese and cobalt from the leaching solution of spent ternary
lithium batteries by nickel saponification extraction was studied. The effects of extraction agent
concentration, pH, phase ratio, saponification rate, and acid concentration on the extraction and
stripping performance were systematically investigated. The results show that after adjusting the pH
to 4.8 with Ni(OH), and significantly reducing the contents of Fe, Al,and Cu, nickel saponification
P204 can achieve efficient extraction of manganese under two-stage cross-flow conditions, with an
extraction rate exceeding 99 %. Meanwhile, the co-extraction rates of cobalt and lithium are controlled
at 18.67% and 9.89% ,respectively. After low-acidity washing and sulfuric acid stripping,the stripping
rate of manganese reaches 99.96 %. Further, nickel saponification P507 is used for two-stage cross-flow
extraction of cobalt,achieving a cobalt extraction rate of 99.92% and a co-extraction rate of lithium of
13.68%. After washing and stripping, the stripping rate of cobalt can reach 99.87%. The process
significantly reduces the introduction of Na™ impurities while achieving efficient separation of
manganese and cobalt, leaving nickel and lithium in the system. It provides experimental technical
references for the high-purity recovery of multi-metal resources and has potential for further industrial
application.

Key words: spent ternary lithium batteries;nickel ; soap onification;extraction; manganese; cobalt ; separation



