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Abstract

In this study, the optimal nitration process for selective lithium leaching from powder of a spent battery cell (LiNiCo,Mn,O,,
LiCo0,) was studied using Taguchi method. The nitration process is a method of selective lithium leaching that involves
converting non-lithium nitric compounds into oxides via nitric acid leaching and roasting. The influence of pretreatment
temperature, nitric acid concentration, amount of nitric acid, and roasting temperature were evaluated. The signal-to-noise ratio
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and analysis of variance of the results were determined using Ls(4*) orthogonal arrays. The findings indicated that the roasting

temperature followed by the nitric acid concentration, pretreatment temperature, and amount of nitric acid used had the greatest

impact on the lithium leaching ratio. Following detailed experiments, the optimal conditions were found to be 10 h of

pretreatment at 700°C with 2 ml/g of 10 M nitric acid leaching followed by 10 h of roasting at 275°C. Under these conditions,
the overall recovery of lithium exceeded 80%. X-ray diffraction (XRD) analysis of the leaching residue in deionized water after

roasting of lithium nitrate and other nitrate compounds was performed. This was done to determine the cause of rapid decrease

in lithium leaching rate above a roasting temperature of 400°C. The results confirmed that lithium manganese oxide was formed

from lithium nitrate and manganese nitrate at these temperatures, and that it did not leach in deionized water. XRD analysis was

also used to confirm the recovery of pure LiNO; from the solution that was leached during the nitration process. This was

carried out by evaporating and concentrating the leached solution through solid-liquid separation.

Key words : spent battery cell powder, recycling, selective lithium leaching, nitrification process, roasting
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Fig. 1. (a) TG-DSC analysis result of nitric acid leached black powder and (b-e) nitrate compounds.
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Table 1. Spent lithium ion batteries cell powder ICP analysis
Element Ni | Co |Mn | Li | Al | Cu | Fe

Concentration | 5 o3| ¢ 37| 764 (392|320 | 115 | 0.38
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Fig. 2. Experimental schematic diagram of selective lithium
leaching through nitric acid leaching and roasting.
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Table 2. Selective lithium leaching parameters and levels

Selective
Symbol | Li leaching Unit Lelv el LCZV el LCSV el Le;/el
parameter
A | Pretreatment | or | 550 | 600 | 700 | 800
temp.
B Nitricacid b0 |4 | 7 | 10
concentration
Nitric acid
¢ leaching amount mlg | 05 ! = 2
D Roasting temp. | °C 250 | 300 | 350 | 400

Table 3. Experimental layout using an L;s orthogonal array
using nitric acid leaching and roasting process

Selective lithium leaching parameter level
Experiment A B ¢ b
No. Pre- Nitric acid | Nitric .acid Roasting
treatment | concent- | leaching
temp. ration amount temp.
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 1 4 4 4
5 2 1 2 3
6 2 2 1 4
7 2 3 4 1
8 2 4 3 2
9 3 1 3 4
10 3 2 4 3
11 3 3 1 2
12 3 4 2 1
13 4 1 4 2
14 4 2 3 1
15 4 3 2
16 4 4 1 3
83}0] MAAR2)Z A5}, o] e ICP HAS
Aeysto] A%H B %S olel 2L A2 ol 85to]
FEee A, Bl A& nie 4 2 22 At
Aoz AR 4 9k
LV
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Table 4. Experimental result for Lithium leaching and S/N ratio
Experiment Pretreatment Nitric acid Nitric acid Roasting Li leaching S/N ratio
No. temp. (°C) concentration(M) | usage (ml/g) temp. (°C) ratio (Wt. %) (dB)
1 500 1 0.5 250 11.11 20.91
2 500 4 1 300 12.61 22.01
3 500 7 1.5 350 24.05 27.62
4 500 10 2 400 15.66 23.90
5 600 7 1 350 12.61 22.01
6 600 4 0.5 400 4.53 13.12
7 600 7 2 250 81.68 38.24
8 600 10 1.5 300 62.39 35.90
9 700 1 1.5 400 12.88 22.20
10 700 4 2 350 36.19 31.17
11 700 7 0.5 300 43.63 32.80
12 700 10 1 250 78.69 37.92
13 800 1 2 300 29.38 29.36
14 800 4 1.5 250 68.16 36.67
15 800 7 1 400 18.95 25.55
16 800 10 0.5 350 34.51 30.76
Table 5. S/N response table for Lithium leaching ratio
Mean S/N ratio (dB)
Symbol Lithium leaching parameter
Level 1 Level 2 Level 3 Level 4 Max-min
A Pretreatment temp. 23.61 27.32 31.02 30.59 7.41
B Nitric acid concentration (M) 23.62 25.74 31.05 32.12 8.50
C Nitric acid usage 24.40 26.87 30.60 30.67 6.27
D Roasting temp. 33.44 30.02 27.89 21.19 12.24
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Table 6. Results of the ANOVA for selective lithium leaching ratio

Parameter Degress of squares | Sum of squares Mean squares F test Contribution (%)
Pretreatment temp. 3 141.84 47.28 18.98 18.11
Nitric acid concentration 3 201.87 67.29 27.01 25.78
Nitric acid usage 3 112.15 37.38 15.01 14.32
Roasting temp. 3 319.66 106.55 42.77 40.83
Error 3 7.47 2.49 0.95
Total 15 783.00 100
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