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Analysis of Technical Development Trend in Recycling Cathode Materials
in Spent Lithium-Ion Batteries Based on Patents

CHEN Changyi, WU Huazhu, LI Xianghui, GAO Ranhui
(Jiangsu Institute of Scientific and Technical Information, Nanjing 210042, Jiangsu, China)

Abstract: Based on the Derwent Innovations Index ( DII), the technologies for recycling cathode materials in spent
lithium-ion batteries were analyzed in terms of patent indicators, including the number of patent applications and patent
holders, the number of priority rights in countries/regions, patent citations, patent H-index among others. It is found
that the recycling technologies are in rapid development, and the Chinese research organizations have created a patent
portfolio plan, including a large number of high-quality patents that can improve competition. Over the past five years,
the technologies, including pretreatment processes of discharge and separation, recovery of lithium, nickel, cobalt and
manganese, extraction of precious metals by hydrometallurgical and pyrometallurgical processes, as well as recycling
equipment, have become hotpots in this field. China has a relatively large number of core patents, mainly involving
hydrometallurgical process, direct recycling process, and a combination of pyrometallurgical and hydrometallurgical
processes. Finally, some countermeasures and suggestions are proposed for enhancing the competitiveness of China’ s
industry in recycling cathode materials in spent lithium-ion batteries, which provides references for promoting the healthy
development of China’ s lithium battery recycling industry.
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Table 1 Decomposition of recycling technologies

for cathode materials in spent Li-ion batteries
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Table 2 Technical development trend in recycling cathode materials

in spent Li-ion batteries

AR SR LRI RN &
1997 1 1
1999 2 3
2002 1 1
2003 2 2
2004 1 1
2005 2 2
2006 3 3
2007 8 6
2008 6 8
2009 19 21
2010 17 15
2011 30 31
2012 49 45
2013 55 46
2014 27 29
2015 46 34
2016 96 57
2017 148 106
2018 205 159
2019 234 171
2020 304 221
2021 345 243
2022 457 296
2023 520 333
2024 384 268
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Fig.1 Percentage of cathode material recycling patent holders

by country
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Table 3 Patent applications and patent citations

of main patent holders
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Table 4 H-index of main patent holders for

recycling cathode materials in spent Li-ion batteries
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Fig.2 Theme Scape of patents on recycling cathode materials

in spent Li-ion batteries
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Table 4 Top 10 core patents on recycling cathode materials

in spent Li-ion batteries
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CN106910889A 2017 TR R 61
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