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Figi1 Mechanisms of microwave heating and conventional heating
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Table 1 Microwave-absorbing properties of materials under the frequency of 2.45 GHz
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Table 2 Microwave-absorbing properties of the current
collector under the frequency of 2.45 GHz

X A R E

N =Y * RN
EARle] § Dg'/um 3CHik
TS AR p 1 108 Q s
Al 1.000 001 6 2.78 170 [43]
Cu 0.999 999 2 1.72 133 [43]
) E
N 2 450 MHz
s e
SIS 7,

<:> TR T HRRA A

«E 5 zemmgminm

PR AN > m TR AR HITT 1]
2 WORMABTERMRAERE FRB AR
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Fig.3 Microwave-metal discharge phenomenon and the
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Table 3 Conventional laboratory methods and their advantages and disadvantages in the pretreatment of lithium-ion batteries
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Fig. 4 Volume of heavy molecules and toxic compounds generated at different target

temperature with microwave heating!®”
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Table 4 Conventional methods of indirect recovery of valuable substances from lithium-ion battery
cathode materials and their advantages and disadvantages
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Table 5 Conventional and MW-assisted pyrometallurgical in the carbothermic reduction process researches
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Fig. 5 Schematic of models of microwave-enhanced reductive reaction'"
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Fig. 6 Mechanism of microwave pyrolysis of biomass for efficient recycling lithium from spent lithium-ion batteries™!
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Fig:7 Schematic process of capacity fade process of lithium-ion battery
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Table 7 Methods of indirect regeneration of lithium-ion battery cathode materials and their advantages and disadvantages
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Table 8 Comparative chart of microwave-synthesized lithium-ion battery cathode compounds

P B ik IR 5% A/ (mA-hg ) FERAR SCit
1 LiCoO, TR e 800 °C, 10 min 140 133C  [147]
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Fig. 8 Polyhedral representation of the olivine crystal structure (space group Pnma) of LiCoPO,
viewed along the (a)[100], (b)[010], and (c)[001] axes!'*
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Microwave-assisted recycling perspectives on valuable cathode active materials

for lithium ion batteries: An overview
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Abstract ~With the rapid development of energy storage market, the supply and demand of lithium-ion
batteries (LIBs) as well as the discard have continued to increase in recent years. Waste LIBs, if not handled
properly, will endanger human health, the environment and the sustainable development of resources. However,
recycling and regeneration of LIBs, especially the positive materials with high added value, can achieve multiple
benefits in-social, economic and environmental aspects. In this paper, the research status and problems of the
conventional methods and the new microwave-assisted technology for recycling and regeneration processes of
waste cathode materials are reviewed. Owing to the unique thermal mechanism, microwave technology shows
significant advantages and potentials in optimizing impurity degradation, strengthening carbothermal reduction,
improve the efficiency of leaching, regenerating active materials and other aspects. Meanwhile, limitations and
improved strategies are summarized based on practical problems and numerical simulations, proving guidance
and reference for the improvement and development of LIB recovery system in the future.

Keywords lithium-ion battery; cathode material; waste treatment; recovery; regeneration; microwave


http://dx.doi.org/10.1007/s11947-009-0187-x
http://dx.doi.org/10.1007/s11947-009-0187-x
http://dx.doi.org/10.1016/j.expthermflusci.2008.11.008
http://dx.doi.org/10.1016/j.expthermflusci.2008.11.008
http://dx.doi.org/10.1149/1.1392690
http://dx.doi.org/10.1063/1.351191
http://dx.doi.org/10.1063/1.351191
http://dx.doi.org/10.1016/S0307-904X(02)00058-6
http://dx.doi.org/10.1093/imamat/62.2.137
http://dx.doi.org/10.1093/imamat/62.2.137
http://dx.doi.org/10.1063/1.339666
http://dx.doi.org/10.1063/1.339666
http://dx.doi.org/10.1007/s11947-009-0187-x
http://dx.doi.org/10.1007/s11947-009-0187-x
http://dx.doi.org/10.1016/j.expthermflusci.2008.11.008
http://dx.doi.org/10.1016/j.expthermflusci.2008.11.008
http://dx.doi.org/10.1149/1.1392690
http://dx.doi.org/10.1063/1.351191
http://dx.doi.org/10.1063/1.351191
http://dx.doi.org/10.1016/S0307-904X(02)00058-6
http://dx.doi.org/10.1093/imamat/62.2.137
http://dx.doi.org/10.1093/imamat/62.2.137
http://dx.doi.org/10.1063/1.339666
http://dx.doi.org/10.1063/1.339666

	1 微波热处理技术中微波与物质间的作用机理
	1.1 微波与碳质的交互作用
	1.2 微波与金属的交互作用

	2 微波对正极材料的预处理与脱箔解离
	2.1 黏结剂的降解工艺
	2.2 微波辅助热解黏性剂降解处理

	3 微波在金属分离与资源化回收中的应用
	3.1 微波加热对正极材料的碳热还原
	3.2 微波强化湿法回收正极材料中的金属
	3.3 微波辅助热法-湿法工艺的经济性
	3.4 微波辅助生物法回收金属

	4 微波对正极材料再生与循环利用的促进
	4.1 微波对正极材料直接再生与间接再生的影响
	4.2 微波技术在正极材料再生过程中的应用

	5 微波技术在应用过程中的效益、局限性与应对措施
	5.1 微波辅助正极材料回收的优势
	5.2 微波辅助正极材料回收的局限性
	5.3 微波处理工艺的数值模拟与工况优化

	6 结语

