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Objective: The recycling of lithium-ion batteries (LIBs) is important from two perspective
views: one of them is for environmental management to make proper use of e-waste and the
other one is for the recovery of rare metals such as lithium due to its potential economic
benefits. This resource can be useful as a secondary source for these rare and valuable metals.
Materials and methods: In this study, Di-(2-ethylhexyl) phosphoric acid (D2EHPA) solvent
along with vegetable oils as modifiers is used for liquid-liquid extraction of Li-ion in a T-
shaped micro-channel. In this study, D2EHPA solvent along with sunflower, sesame, and
olive oils are considered as the continuous (organic) phase, and lithium chloride solution is
considered as the dispersed phase. After preparing the continuous and dispersed phases, the
fluids were injected into the microchannel by the respective pumps. The microchannel was
placed under a microscope equipped with a high-speed camera to record the relevant images
and perform slug analysis. After the experiment was completed, the fluids of both the
continuous and dispersed phases were collected and after a while, the two phases were
separated. Then, the dispersed phase solution was analyzed. The effect of operating conditions
(used solvent volume and organic phase flow rate) is investigated on the slug formation time,
slug length, and extraction percentage.

Results: Results show that the slug length increases with increasing the used solvent and
decreasing the organic phase flow rate. The extraction percentage increases with increasing
the used solvent. The effect of modifier type is also considered and found the sunflower
modifier is better extraction percentage than other oils, in result, in an optimum condition
(with 3ml of used solvent volume), the extraction percentage reaches to 82 percent.
Conclusions: Using the D2EHPA solvent along with Vegetable oils can improve the
extraction percentage.
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ml/min (olive oil as a modifier, pH = 4, Qd=0.009 ml/min, the volume of Solvent consumption= 3 ml).
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Figure 6: Effect of different vegetable oils as a modifier on extraction percentage, (2) at various volume of Solvent
consumption, (b) at various the organic phase flow rate
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Figure 7: Effect of different vegetable oils as a modifier on slug length, (a) at various volume of Solvent
consumption, (b) at various the organic phase flow rate
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Figure 8: Effect of different vegetable oils as a modifier on the three stages of slug formation (growth stage,
necking stage, detachment stage), (pH = 4, the volume of used Solvent= 3 ml, Qd=0.009 ml/min, and Qc= 0.09
ml/min).
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