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Recovery of nickel and cobalt from cathode materials of spent
NCMS523 lithium-ion batteries

LI Zhuoyang®., WANG Bixia®", ZHANG Chenlu*, WANG Ziyu*
(a. School of Metallurgy Engineering; b. Key Laboratory of Gold and Resources of Shaanxi Province,
Xi’an University of Architecture & Technology, Xi’an 710055, P. R. China)

Abstract: The cathode materials of spent NCM523 lithium-ion batteries contain valuable metal elements
such as Ni and Co, which must be recycled. Ni and Co in cathode electrode active materials were first
leached with H,SO, and H,O,. Then Mn was removed by adding KMnQO), into the leaching solution. Finally
NiCoQO, powders were prepared from the purified solution. The effects of various factors on metal leaching
rates were analyzed. Under the conditions of H,SO, concentration 2.5 mol/L, H,O, volume fraction 10% ,
leaching temperature 80 “C, leaching time 80 min and solid-liquid ratio 1 :14 g/mlL, the leaching rates of
Ni, Co and Mn were 94.03%, 99.56% and 14.97 %, respectively. Hence the separation of Mn from Ni and
Co was obtained by selective leaching of Ni and Co. Using KMnQ, as oxidant, the residual ionic Mn in the
leachate was lower than 0.45 mmol/L. Chain-like NiCoO, with uniform morphology was prepared from the
purified leaching solution by hydrothermal synthesis at 160 °C and calcination at 400 °C , using polyethylene

glycol PEG-2000 as surfactant and oxalic acid as precipitant. Therefore, the recycling of valuable metals Ni
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and Co in cathode materials of waste batteries was realized.
Keywords: spent ternary lithium-ion Dbatteries; cathode materials; recovery; hydro-thermal

method; NiCoO,
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Table 1 Mass fraction of elements in cathode materials of batteries before and after pretreatment

2H %, w(L/% w (N /% w(Co) /% w (Mn) /% w(AD /% w(Fe)/ % w(Cw /%

o1 Ab B Ay 2.98 22.00 8.36 14.00 10.31 0.05 0.1

Ak 5 2.75 23.40 8.40 16.33 0.13 0.01 0
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Fig. 1 Phase contrast diagram before and after pretreatment
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Fig. 2 Experimental flow chart
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Table 2 Leaching rate of orthogonal experiment

(3

LE LER K2z o M D W E SIRB /%
e H,SO M H, O, & L O 12 1 B[] I K L . -

/C(mol-L ") 80 % /min /(g-mL™") Ni Co Mn
1 1.5 4 40 40 1:10 25.79  29.40 8.96
2 1.5 6 60 60 1:12 41.98 38.92 25.08
3 1.5 8 80 80 1:14 59.38  58.22  39.06
4 1.5 10 100 100 1:16 88.18  82.56  32.49
5 2.0 4 60 80 1:16 37.13 36.05 27.13
6 2.0 6 40 100 1:14 50.11 47.41 28.74

7 2.0 8 100 40 1:12 54.22 45.81
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k2
HE A HE B B2 HED HEE SRE LR/ Y

P H, SO, ¥ E  H,O. & L/ 1 H st ] I L . -
/(mol-L™") DR % /min /(g'mL™") Ni Co Mn
8 2.0 10 80 60 1:10 83.99 82.17 9.12
9 2.5 4 80 100 1:12 55.52 56.21 11.97
10 2.5 6 100 80 1:10 75.79 70.12 29.36
11 2.5 8 40 60 1:16 41.65 39.98 28.34
12 2.5 10 60 40 1:14 73.21 70.17 40.88
13 3.0 4 100 60 1:14 91.62 86.34 35.27
14 3.0 6 80 40 1:16 87.12 82.67 6.24
15 3.0 8 60 100 1:10 73.13 70.64 22.33
16 3.0 10 40 80 1:12 54.93 50.47 28.35
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Table 3 Range analysis of orthogonal experiment results

i A b B | H% D W E
5 msodkE  mo. L URC g M
/Cmol-L™1) KB B/ % R e /min /(grmL"D)

k1(ND 53.83 52.52 43.12 60.09 64.68
k2(ND 56.36 63.75 56.36 64.81 51.66
k3(ND 66.04 57.11 71.59 56.81 68.58
k4(ND 76.70 75.08 77.45 66.74 63.52
R (ND 22.87 22.56 34.33 9.93 16.92
k1(Co) 52.28 52.00 41.82 57.01 63.08
k2(Co) 52.86 59.78 53.95 61.85 47.85
k3(Co) 59.12 53.66 69.82 53.72 65.54
k4(Co) 72.53 71.34 71.21 64.21 60.32
R(Co) 20.25 19.34 29.39 10.49 17.69
k1(Mn) 26.40 20.83 23.60 33.67 17.44
k2(Mn) 32.90 22.36 28.86 24.43 33.00
k3(Mn) 27.64 39.08 16.70 30.98 35.99
k4 (Mn) 23.05 27.71 40.93 23.88 23.55
R (Mn) 9.85 18.25 24.23 9.79 18.55

%3P e EIUVRAA R A K EIE R Dy IR A 22 AR 22 R A9 /N AT LUFI B 2% R 3R B2 0 19
WHRF . M NI Hl Co YR A IR FSE R A R IR E ™ H, SO, K= H, O, (R 80> [ it >



80

TR KFFR

A

Eil

44 %

BRI ] 520 Mo B3R R IR A ERCE RN R

R ] 5 952 3L 2 3% NiL Co A1 Min (935 Hi 552 0 fie K IR 2R 352 HE I [ 78 — 52 9 Bl N 52 ) e /)
2SR R AR U HEAT DR R S U S R R L A

2.1.2 B2REZH

B/
57

ik BE = [ 9 L > HL, O, IR BUS 0> HL, SO, R BE = 3 4
AR

M [A]

DR R XHR AR B0 . S 3.0 mol/L Y H, SO, MR EC 42089 Ho O, I 1:14 g/mL,
= ROV 60 min, FRFEER H R EE 7351 40,60,80,100 CHY Ni,Co,Mn i2 H ZAY LA L0 45 R WA 3 Bz .

100

90

L ——Ni

=#—Co

L ——Mn

40 50 60 70 80 90 100
R EE/C

3 RHEBEXMNRHGERHENZM

Fig. 3 Effect of leaching temperature on leaching rates of nickel, cobalt and manganese
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Fig. 4 Effect of sulfuric acid concentration on the leaching rates of nickel, cobalt and manganese
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Fig. 5 Effect of hydrogen peroxide on leaching rate of nickel, cobalt and manganese
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Fig. 6 Effect of solid-to-liquid ratio on leaching rate of nickel, cobalt and manganese
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Fig. 7 Effect of leaching time on leaching rate of nickel, cobalt and manganese
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Fig. 9 SEM images of solids before and after leaching
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Fig. 12 SEM image of recovery product
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Fig. 13 EDS spectrum of recovery product
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Fig. 14 XRD pattern of recovery product
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