Indian Institute of Technology Kanpur
Proposal for a New Course
1. Course No: SEE6XX

2. Course Title: Recycling Energy Materials

3. Per Week Lectures: 3( L), Tutorial: 0 (T), Laboratory: 0 ( P), Additional Hours[0-2]: 0(A)
Credits (3*L+2*T+P+A): 3-0-0-9, or 9 credits. Course Duration: Full semester

4. Proposing Department/IDP : SEE, Other Dept may be interested in proposing this course:
MSE, CHEM, Earth Sciences, Chemistry, Other faculty members interested in teaching this
course: Srinivas Kartik Yadavalli

5. Proposing Instructor: Vivek Verma

6. Course Description and details:

A. Course Objectives

"This course will address the importance of recycling energy materials, especially for extracting critical
minerals. Basic metallurgical concepts will help us understand the core of recycling technology better.
The course will delve into details of few selected devices including lithium batteries, solar cells, magnets,
and catalysts. Finally, we will also highlight environmental economic and social aspects of recycling and
various efforts India has been taking in improving recycling.

Expected learning outcomes from this course.

By the end of the course, the students will be able to:
e Understand the importance of recycling energy materials.
e Corelate critical minerals resources with recycling energy materials
e Grasp basic metallurgical concepts needed to understand recycling.
e Understand the overall recycling process for few of the crucial components of energy
materials.
e Correlate environmental, social and economic aspects pertaining to recycling these materials.

B. Course Content (next page)
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1 Introduction to energy Batteries, solar cells, catalysis, autocatalytic converter in IC |2
materials and devices vehicles, magnets in EV and wind energy
5 Recycling of energy materials ImpoTtance of rf:cycling ene':rgy materials, need for criti?al 2
materials, materials and their volumes, resource constraints
Critical mineral definition, Indian critical minerals list, 4
3 Critical minerals aspects critical minerals requirement, resource constraints,
geopolitical constraints
4 Recycling techniques for pyrometallurgy, hydrometallurgy, electrometallurgy 7
metals/minerals
5 Purification and refining electrorefining, precipitation, crystallization, solvent 1
techniques extraction
Material characterization Inductive Coupled Plasma (ICP-MS/OES) Spectroscopy, 2
6 techniques used in Wavelength and Energy Dispersive Spectroscopy
metal/mineral recycling
Li-ion battery construction, discharging and shredding, 6
7 Li-ion battery recycling black mass preparation, transition metal recovety, Li
recovery, emerging technology like direct recycling
solar cell construction, mechanical dismantling, 4
8 Solar cell recycling delamination, metal recovery using hydrometallurgical
methods
Metals applied in industrial catalysts, End of life 3
9 Catalyst recyclin Heterogeneous catalysis, autocatalytic converters,
ystrecycling hydrometallurgical and pyrometallurgical methods for
PGMs recovery
P ing, itation, ing,
10 | Permanent Magnets recycling reprocessing lTydrogen decrepxtatlon. alloy processing 3
hydrometallurgical and pyrometallurgical routes
1 Environmental and social | Life Cycle Assessment (LCA), Life Cycle Cost Analysis, 3
impact of recycling Social LCA
. . 1 . . . E
1 Efforts taken by India National critical mineral mls.sxon, PR, battery waste 2
management rules. Conclusion
Total 39
C. Pre-Requisites

No mandatory course requirement. However,

beneficial.

general understanding of basic Materials Science will be
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D. Short Summary for including in the Courses of Study Booklet

This course highlights the urgent need for India to source various critical minerals via recycling needed
to make various clean energy technologies possible. Only when India is mature enough in recycling the
critical materials, we can reduce our material import dependency on other countries and become truly
Atma-Nirbhar, This course forms one of the seven key pillars, recycling, of the recently announced
National Critical Mineral Mission by Govt of India in early 2025.
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Various other review papers on specific topics
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8. Any Other Remarks: nil

- Date: 17-OCT-2025 Proposer: Vivek Verma
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This course is approved.

Chairman, SUGC/SPGC
Dated:
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