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Table 1 Reagents and composition of waste ternary battery

positive active material acidic leaching solution

Element Chemical Concentration/(mol-L™")
Co CoSO,4 7TH,0 0.11
Ni NiSO4.6H,0 0.03
Mn MnSO4 -H,O 0.04
Li Li,SO,4 0.14
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Table 2 Table of solubility product constants of common

cobalt nickel manganese lithium compounds

4) LIESH
[ 5 SR 2 R . Co*'y Ni*'s Mn*'. Li'HiK
FE54 0.1 mol/L, WFERELZVETN 0.1 mol/L, BRIERE kN

themi(l:al Equilibrium constant of gk, 0.1 mol/L, BRERENVAEI N 0.1 mol/L, EEALHN 0.1
ormula precipitation, K * . b e P Y
oo %10 . - mol/L, B4 pH B M E - S S HE I [ AT e
0L,y . . = N = N
. 10 RN R D) 5HICH =D 2 WERZELE 3), B
2% SR 7 f JEEY M3 4/
MnC,0, 191071 12.72 MBI RTS8, . R, FRET
CoCO; 14X10783 12.84 B, 1jﬁ{£%{¢%"*%1£ﬁ%%1¢o E%1§%{¢T
NiCO; 6.6X107° 8.18 B R IH = o i ER MR AR RURR, B R —UTE
MnCO; 1.8% 107" 10.74 AR I UCTE M EAT IR 2L, $RATTE LA 2, 1Al
LiCO;, 1.7X10° 2.77 W& G B &R UTIEY), X RIS P kAT RALE
Table 3 Experiment parameters
. pH value Stirring time/h
Temperature/'C D./D, - - - -
Co Ni Mn Li Co Ni Mn Li
25 1.0 0.5 5.5 8.5 11.5 0.5 0.5 4 1.5
35 1.1 1.0 6.0 9.0 12.0 1.0 1.0 2.0
45 1.2 1.5 6.5 9.5 12.5 1.5 1.5 12 2.5
55 1.3 2.0 7.0 10.0 13.0 2.0 2.0 16 3.0
65 1.4 2.5 7.5 10.5 13.5 2.5 2.5 20 35
75 1.5 3.0 8.0 11.0 14.0 3.0 3.0 24 4.0
NaOH
(NH,),C,04 NH4HC03] Ng?CO3 l Na,CO4 l
(Migtractgﬁ Filirate Filter Filtrate Filter Filirate o
Ni2+; L1+) ’ (Mﬂ > Ni s Li ) (Nl s Li ) (Ll )
Moistening Moistening Moistening Moistening
drying drying drying drying
CoC,0,:2H,0] MnCO;| NiCO;+2Ni(OH),-4H,0 Li,COs|
1 BERERETVE 2 B L 2R Bl
Fig. 1 Route design of cobalt-nickel-manganese-lithium precipitation separation process
L2 >
Measure metal ion N Calculate
o) Supernatant concentration sedimentation rate
—\
Precipitate Ultrsvgélﬁien\gater i Dry grinding
2 ULEVHRALER

Fig. 2 Diagram of precipitate purification process
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Fig. 3 Precipitation rate of cobalt nickel manganese lithium under different conditions: (a) pH; (b) Temperature; (c) Time;

(d) (NH4)2C,04
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Fig. 4 Precipitation rate of manganese nickel lithium under different conditions: (a) pH; (b) Temperature; (c) Time; (d) NH,HCO;
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pH 7.5, & 45 C. HFEA A 2.5 he PUEHIHEN
HAE R 1.3 5 e AR SR I 4 B -

2.3 RARBRW-SSUHETTEENRET I BER

B AR 0.02 mol/L FIBRERENIA AN 0.01
mol/L WS SEMANAERIR G, RAFFRIEH IR
BRER AV T, WG DI RE 28 15 B D 800 r/min,
¥ pH H SORE  BBEFERT ] PUE RN 4
AN, SRR LIRIEMR A LI 4. FERIVT
TE RN :
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TR E 12 hE SR e B Xt S BiE
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5(a)). fE pH {HN 10.0 B, BREE10HE R HIA S
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Fig. 5 Precipitation rate of nickel-lithium under different conditions: (a) pH; (b) Temperature; (c) Time; (d) Na,CO;
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IR, BRIUTE RN 85.18%(W Kl 6(d). B
I, pH 14.0. 65 C. HEPEHFA] 4.0 hy 1.4 FEIEHE
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T A S R B A. E 7)) &M, B85
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Fig. 6 Precipitation rate of lithium under different conditions: (a) pH; (b) Temperature; (c) Time; (d) Na,CO;
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Fig. 7 XRD patterns and SEM images of products: (a), (a’) Cobalt oxalate dihydrate; (b), (b") Manganese carbonate; (c), (c') Basic

nickel carbonate; (d), (d") Lithium carbonate
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WITKIAR 10 pm FORRCIRBRER R, Hebs A0 &
T()AI()RY, 3 =0 U0 e 1 E Z kAR 10
pum FA B BRI ABRIR B, SRR ETIE. B 7d) 2
F(d)FR W, 5P S ) ZE kAR 10 pm HY
YUIRBREREE, 1 (A [E AU -

3) FEMEE Y S HT

EI0.05 g W), LI RIEE RIS ICP WSETE
Wb SR T, T AR, YRR
T BB B R P 7 02 53 99.87%
98.89%- 98.46%- 96.52%. FHIHIEBETHEE 3
WK 4. SRR E R Y T RS BB,
BRRRAR UTIE P R o BRI AR IR ER Ui ) b
AR I BRIRELIIVE ) B S R,
TP RIGME 1%F, WTRLRmEA . Dhi% 5 &
AL 2 AT DAL A Rt IEAR A ) 28 1) B
I

(4]

x4 OISR Y

Table 4 Chemical composition of product recovered

Mass Element mass fraction/%
Product fraction/ - -
o Co Ni Mn Li 5]
CoC,042H,0 99.87 32.18 0 0 0.02
MnCO; 98.89 0.002 0 47.26 0.0004

NiCO;-2Ni(OH),4H,0 98.46 0
Li,CO;

15.36  0.02 0

96.53 0 0 0 9.07

3 Zig "

1) BIFFE T P2 IH = 7o 20 F v R e L R v ) il B
R DU A 1) > B AT, PR T — 2k A faT B [ml i
MR L 2.
2) R UTVE TR UUVE Bl — Bk MR S B UL T IR T TE
i~ R B S AL A SE DT VR DT SR - B R B U TE ¥
UL HE T 20T DU ROy B IRV I B AR,
BRI 2 e o R TR T (7]
3) ALZHAEF I ERR A BT, FTH
FRANE, 2P AR NaSO, AT YA -
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Separation and recycling of cobalt, nickel, manganese and
lithium from acidic leaching solution of
old ternary battery positive active material

JIANG Ling', ZHAN Lu"? ZHANG Qiu-zhuo"*

(1. School of Ecological and Environmental Sciences, East China Normal University, Shanghai 200241, China;
2. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
3. Institute of Eco-Chongming(IEC), Shanghai 200062, China)

Abstract: The metal ions of most solid powders in the cathode active materials of waste ternary batteries can be
transferred to the acid solution by sulfuric acid leaching agent. In this work, the separation and recovery of cobalt, nickel,
manganese and lithium in sulfuric acid leaching solution were studied. The proposed precipitation process was
precipitated by ammonium oxalate precipitation method—precipitation of cobalt by ammonium bicarbonate precipitation
method—precipitation of nickel by sodium hydroxide—sodium hydroxide coprecipitation method—precipitation of lithium
by sodium carbonate. The separation conditions were optimized by changing the pH value, temperature, stirring time and
amount of precipitant. The experimental results show that under the optimized process conditions, the metal ions in the
solution are precipitated in the form of cobalt oxalate, manganese carbonate, basic nickel carbonate and lithium carbonate.
The recovery rates of cobalt, manganese, nickel and lithium are 99.17%, 97.88%, 93.47% and 85.21%, respectively. The
mass fractions of cobalt oxalate, manganese carbonate, basic nickel carbonate and lithium carbonate are 98.77%, 98.89%,
98.46% and 96.52%, respectively.

Key words: ternary lithium battery; sulfuric acid leaching solution; cobalt nickel manganese lithium; precipitation

separation

Received date: 2019-10-21; Accepted date: 2020-08-10
Corresponding author: ZHAN Lu; Tel: +86-21-54747495; E-mail: luzhan@sjtu.edu.cn
mig £ B



