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The production of lithium ion batteries (LIBs) is increasing due to their extensive usage in a
variety of energy-related applications. Spent LIBs include a number of important metals,
including cobalt (Co), Nickel (Ni), and lithium (Li), whose supplies cannot be sustained over
the long run due to rising demand. Recycling spent LIBs is a popular practice that uses a
variety of techniques to recover valuable metals and prevent environmental damage. The
environmentally friendly technique of bioleaching, also known as biohydrometallurgy, has
drawn more attention recently due to its cost-effectiveness and ability to selectively extract
Co, Ni, and Li from spent LIBs using appropriate microbes. To design a good bioleaching
strategy, it is important to understand the ability of different organic acids produced by
microbes in extracting metals from LIB waste. Therefore, the objective of this project is to
compare the metal extraction efficiency and selectivity of a group of biologically relevant
organic acids. Black mass, provided by commercial recyclers and consisting of cathode and
anode materials ground into powder form, was leached in organic acids including citric acid,
succinic acid, malonic acid, gluconic acid, and glycine for up to 48 hours at room
temperature or 60 oC. Leaching was also carried out using the conventional method (i.e.,
Piranha solution of concentrated H2S04 and H202) to allow for comparison. Samples were
taken periodically and analyzed for metal concentrations. The amounts of metals extracted
and their leaching rates vary significantly with organic acid used. At equal concentrations,
succinic, malonic, and succinic acids extract Co and Ni most effectively, while oxalic acid is
able to leach out Li selectively. The data point out the feasibility of using biologically derived
acids to extract and separate minerals in LIBs.
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 The rising demand for lithium-ion batteries (LIBs) calls for effective
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acids in terms of their mineral extraction efficiency and selectivity.
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Black Mass Extraction Conditions

Solid to solution ratio: 10 g/L. Filter the sample with 0.2 mm nylon filter

Leaching time: up to 48 h.
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emission spectrometer (ICP-OES).
* All samples were diluted with 2% nitric acid.
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