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Abstract

With the growth of the battery industry, a rapid increase in the production and usage of lithium-ion batteries is expected, and
in line with this, much interest and effort is being paid to recycle waste batteries, including production scrap. Although much
effort has been made to recycle cathode material, much attention has begun to recycle anode material to secure the supply chain
of critical minerals and improve recycling rates. The proximate analysis that measures the content of coal can be used to analyze
graphite in anode material, but it cannot accurately analyze due to the interaction between the components of the black mass.
Therefore, in this study, thermogravimetric analysis of each component of black mass was measured as the temperature
increased up to 950°C in an oxygen atmosphere. As a result, in the case of cathode material, no change in mass was measured
other than a mass reduction of about 5% due to oxidation of the binder and conductive material. In the case of anode material,

- Received : November 30,2023 - Revised : December 10,2023 - Accepted : December 11, 2023
$ Corresponding Author : Hoon Lee (E-mail : hoonlee@kigam.re.kr)
Mineral Resources Research Division, Korea Institute of Geoscience and Mineral Resources, 124, Gwahak-ro, Yuseong-gu, Dagjeon
34132, Korea
(©9)The Korean Institute of Resources Recycling. All rights reserved. This is an open-access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted
non-commercial use, distribution and reproduction in any medium, provided the original work is properly cited.

25



26 A - 794 - 4t ol &

except for a mass reduction of about 2% due to the binder, all mass reduction were due to the graphite(fixed carbon). In

addition, metal conductors (Al, Cu) were oxidized and their mass increased as the temperature increased. Thermal analysis

results of mixed samples of cathode/anode show similar results to the predictive values that can be calculated through each

cathode and anode analysis results.
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Table 1. Mixed ratio of black mass components for thermo-
gravimetric analysis
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Fig. 1. Weight change of black mass samples as a function
of retention time (ASTM D 7582-15).
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Fig. 2. Weight change of cathode/anode as a function of temperature.
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Fig. 3. Weight change of Al/Cu current collector as a function of temperature.
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Table 2. Estimation of weight variation according to stages in Fig. 4 at various mixed sample (Ca : cathode, An : anode)

Stage 1 Stage 2 Stage 3 Total Cal.*
Ca9:Anl (155)2-%7(3)2%) (40?;75020@ (65?4?6?,2)°C) -16.0% -15.0%
Ca8:An2 as ?2'.47?,2%) (40_?'77;((;(3) (76?; iizoc) -26.0% 24.4%
Ca7:An3 as f);)?,goc) (40_3'78.;(;(3) (86?; .9350200 -35.6% -33.9%
Caosiang | 00O [ 09 - a1 s,
Ca5:AnS5 (15?2'2220@ (4(2(;3;(;@ - -53.3% -52.8%

*Cal : Mass reduction of cathode (5.5%) * ratio of cathode + Ratio of Anode (%)
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Fig. 4. Weight change of various mixed samples (cathode +
anode) as a function of temperature.
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