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Abstracts: This research was conducted on the method of recovering the lithium hydroxide and valuable metal from the
NCA-based cathode active materials in the spent lithium-ion batteries. The recovery rate of lithium depends on the
reaction temperature, retention time, reaction time during H, reduction and solid-liquid ratio. Lithium hydroxide and
valuable metals were recovered under each experimental condition, and the following optimal process conditions were
determined based on the results of experiment. Based on the charging of 10g of NCA powder, the optimal process
conditions were determined as follows: the reaction temperature of 700°C; the retention time of 3hrs; and the H, gas
flowrate of 300cc/min; the leaching time of 1hr for water leaching; the solid-liquid ratio of the sample and distilled water at
1:30; the stirring speed of 300rpm at room temperature, and the recovery rate of 92.30% was achieved.
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1. INTRODUCTION

Due to their excellent output, energy density, and lifespan, lithium-ion batteries are widely used in various
industries such as portable electronic products, electric vehicles, and grid-scale energy storage. Of the key
materials in this battery, the cathode material has a great impact on cost and performance. The cathode material
determines the capacity and average voltage of the battery, and it is composed of LCO(LiCoO2), NCM
(LINiCoMnOz), NCA(LiINiCoAIlOz), LMO(LIMNO2), and LFP(LiFePO4) depending on the material.

Researches on high-Ni-based cathode active materials with low cobalt content and high nickel content are
increasing with the purpose of satisfying commercial requirements such as high energy density, light weight, and
low cost in line with the expansion of the electric vehicle market. One of them, the layered NCA cathode material,
which is a representative high-Ni cathode active material, contains more than 85% of Ni and has a high theoretical
capacity (280mAhg?) and operating voltage (3.6V). Therefore, it is one of the cathode materials that are being
intensively developed.

Currently, lithium carbonate and lithium hydroxide are used as raw materials for lithium used in lithium-based
secondary batteries. However, in the case of the lithium used for the properties of high-performance batteries, the
use of lithium hydroxide rather than lithium carbonate is increasing. Since High Ni-based batteries are required in
the mid- to long-term and the synthesis temperature is lowered, the lithium hydroxide, which has a lower
decomposition temperature, becomes more important than the lithium carbonate, which has a high decomposition
temperature, to prevent deterioration in reactivity.

The industrial importance of secondary batteries is expanding due to the rapid penetration of electric vehicles,
increasing the demand every year. The use of electric vehicles is increasing, and accordingly, research and
development on the spent battery processing technologies is continuously expanding. Most of researches on the
recovery of valuable metals and lithium from the cathode materials in the spent lithium ion batteries are conducted
through acid solution leaching, which may lead to environmental problems. Therefore, it is necessary to develop an
eco-friendly process to solve these problems.

This research was conducted on the method of recovering the lithium hydroxide and valuable metals from the
cathode material in the spent lithium ion battery through Hz thermal reaction and water leaching of the cathode
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active material NCA.
2. MATERIEL AND METHODS

2.1. Experimental Materials

In this experiment, the cathode active materials in the spent NCA(LINiCoAIlO2)-based lithium ion batteries were
used. XRD(X-Ray Diffraction), XRF(X-Ray Fluorescence), and ICP (Inductively Coupled Plasma) analysis were
conducted to confirm the composition and phase. The results of XRD, XRF, and ICP-OES analysis of the NCA
powder were expressed in Figure 1 and the results of XRD analysis confirmed that the sample existed as a
LiNiCoAIO2 compound. The results of XRF and ICP-OES analysis confirmed that the sample was composed of Ni
87.65 wt.%, Co 10.88 wt.%, Al 0.71 wt.%, Li 6.94 wt.% and trace amounts of impurities.
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Figure 1. XRD pattern and XRF, ICP-OES analysis results of LiINiCoAIO2

2.2. Experimental Methods

The research was intended to recover LiOH, Ni, and Co from NCA(LINiCoAIO2) cathode material through an eco-
friendly drying process. The phase separated by hydrogen reduction of NCA powder was separated into a solution
and residue through water leaching and filtration. After that, it was dried at 95°C for 8 hours to separate LiOH
powder and Ni, Co mixed powder. The Hz thermal reaction and reaction time according to the temperature condition
and retention time, and the effect of water leaching according to the solid-liquid ratio were tested. At this time, the
phase change, Li recovery rate, and chemical composition were confirmed through XRD, XRF, and ICP analysis.
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Figure 2. Overall experimental process diagram.
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3. RESULTS AND DISCUSSIONS
3.1. H> Reduction
3.1.1. Effect on Temperature

H2 reduction is a process of changing the compound phase of NCA powder into the phase of Li-O and a valuable
metal. The expected reaction formula is shown below. The results of TGA analysis confirmed a rapid weight loss

around 600°C in Hz gas atmosphere. The Hz reduction was conducted at the temperature condition of 600°C, 700°C

and 800°C as variable, and the Hz gas flow rate of 300cc/min and the retention time of 3 hours were maintained
constant. The results of experiment were expressed in Figure 3 through XRD analysis. As a result of the analysis,
only Li2O, Ni, and Co phases were observed under the temperature conditions after 700°C, which confirmed that
phase separation and reduction occurred simultaneously. Therefore, the optimal reaction temperature for phase
separation and reduction from LiNiCoAlO: through Hz thermal reaction is 700°C.

LiNiCoAIOz¢) + Hz) — Li2O¢s) + Nis) + Cogs) + Al203(s) + H20(g)
3.1.2. Effect on Retention Time

Based on the optimal reaction temperature determined above, an experiment was conducted to determine the
optimal retention time for Hz reduction. Excluding the previous experiment and the retention time, the temperature

was fixed at 700°C under the same conditions, and the retention time was changed to 1hr, 2hrs, and 3hrs. The

results of XRD analysis were expressed in Figure 4. As shown in the figure, the phase separation and reduction
occurred at the time of reaction for 1hr, but the Li phase was observed as LisAlO4 rather than Li2O. This was
considered that due to insufficient reaction time, Li and Al contained in NCA were not separated. From the reaction
time of 2hrs, phase separation and reduction into Li2O, Ni, and Co occurred, but at a reaction time of 2hrs, a
significantly lower intensity value of Li2O was observed in comparison to 3hrs. Therefore, the optimal conditions for
the phase separation and reduction process through Hz reduction from NCA were determined as follows: reaction
temperature of 700°C; Hz gas flow rate of 300cc/min; and retention time of 3hrs when charging 10g of NCA cathode
active material.
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Figure 3. XRD pattern of heat reacted LiNiCoAIO2 at 600°C~800°C (left)

Figure 4. XRD pattern of heat reacted LiNiCoAIO2 at 1hr~3hrs (right)
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3.2. Water Leaching and Filtration
3.2.1. Effect on Leaching Time

Leaching is a process of separating Li by using distilled water to separate Li-O, whose phase was separated from
NCA powder and valuable metals. Since Li2O forms LiOH due to the difference in solubility in water, and Ni, Co, and
Al>O3 are insoluble in water during water leaching, they can be separated into solutions and residues after filtration.
To examine the effect of the leaching time, the solid-liquid ratio of H2 reduced product and distilled water was
maintained at 1:50; the stirring speed was maintained at 300 rpm at room temperature; and the water leaching time
was changed to 1hr, 3hrs, and 5hrs as variables. After water leaching, the solution was separated through vacuum
filtration and dried at 95°C. for 8 hours to recover the powder. The recovered powder was analyzed through XRD.
As shown in Figure 5 below, only LIOH phase was observed at leaching time of 1hr, but Li2COs phase was also
observed after 3hrs of leaching time, which is because LiOH in the solution absorbs carbon in the air, changing the
phase to Li2COs. Therefore, 1hr was determined as the optimal leaching time to recover LiOH

3.2.2. Effect on Solid-Liquid Ratio

To examine the effect of the solid-liquid ratio, the stirring speed of 300 rpm and the water leaching time of 1hr at
room temperature were set as fixed conditions. After H2 thermal reaction, the solid-liquid ratio of the sample and
distilled water was changed to 1:10, 1:30, and 1:50 during the experiment. After water leaching, the solution was
separated through vacuum filtration, and then dried at 95°C percentage of the weight of Li in the recovered LiOH
powder in comparison to the weight of Li in the raw material after ICP analysis. The results of recovery rate calcula-
tion were expressed in Table 1 below. The recovery rate was calculated to be 84.33% at the solid-liquid ratio of
1:10, 92.30% at 1:30, and 92.57% at 1:50. Since the recovery rate was insufficient in comparison to the amount of
distilled water used after the solid-liquid ratio of 1:30, 1:30 was determined as the optimal solid-liquid ratio condition.
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Figure 5. XRD pattern of powder of drying the solution in the water leaching process(leaching time) (left)

Figure 6. XRD pattern of powder of drying the solution in the water leaching process(solid-liquid ratio) (right)
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Table 1. Li recovery rate calculation

Reaction weight ration
Li content(NCA) Li content(LiOH) Recovery Rate(%)
(NCA : water)
1:10 0.694 0.585216 84.33
1:30 0.694 0.640536 92.30
1:50 0.694 0.642447 92.57

CONCLUSION

This research was conducted on the method of recovering LiOH powder and Ni, Co powder through H2 reduction
and water leaching of NCA powder, which is a cathode active material in the spent lithium secondary battery. To
increase the recovery rate of LIOH, the optimal conditions of reaction temperature, retention time, leaching time,
and solid-liquid ratio for H2 reduction were determined. After the experiment, the filtered solution was dried; the Li
content was measured and the recovery rate was calculated through ICP-OES analysis; and the phase of residue
was analyzed through XRD analysis. As suggested by the results of experiment, the optimal process conditions
derived for selectively recovering LIOH, Ni, and Co from NCA powder were determined as follows: reaction
temperature of 700°C; retention time of 3hrs; Hz gas flowrate of 300cc/min, and leaching time of 1hr during water
leaching; solid-liquid ratio of sample and distilled water at 1:30; and stirring speed of 300 rpm at room temperature
for Hz reduction based on 10g of NCA powder charged. LIOH powder was recovered through filtration and drying,
and the lithium recovery rate was calculated to be 92.30%.
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