Preface

India is the world's second-largest coal-producing country, with massive coal reserves for
future. Coal is the most essential and abundant fossil fuel in India. It accounts for 55% of
the country's energy need. The country's industrial heritage was built upon indigenous
coal. Most coal lies in the Gondwana basin in India of the Permian age. However, coal
also accounts for the generation of coal waste (coal ash, toxic metals and gasecous
emission of SOx and NOx) due to coal combustion, which is a significant environmental

concern.

Rare earth elements (REE) are critical components of our technological society
and essential for renewable energy technologies. Traditional thermochemical processes to
extract REEs are costly and environmentally harmful, and thus more sustainable
extraction methods require exploration.

Gondwana basin consists of many coalfields in it. Sohagpur is one of the
coalfields, which is the study area for the current research work. Sohagpur Coalfield
contains a total of ten opencast and underground mines. Characterizing and understanding
its properties is paramount to understanding the behaviour of coal. In the present work,
the main emphasis has been laid on the geochemical characterization, coal quality,
qualitative-quantitative study of REEs in coal and its recovery.

The entire gamut of the thesis has been divided into ten chapters. The first chapter
describes the introduction of coal, rare earth elements and the objective of the study. The
overview of the study area has been presented in the second chapter. This chapter gives a
detailed description of the study area, including the location, climatological conditions,

geomorphology and geology. The third chapter discussed detailed literature review state
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of the art understanding regarding the characterization of coal, rare earth elements in coal
and coal by-products, along with research works done to recover these valuable elements.
The fourth chapter deals with the materials and methods adopted for the various studies
and experimental works. The results of the investigations are discussed in the chapters
five to eight. The megascopic characterization and its origin in coal samples is discussed
in the fifth chapter. The sixth chapter explains the geochemical analysis and surface
morphology of coal samples with elemental concentration and coal characterization. This
analysis reports on the characterization of coal samples. The seventh chapter details the
rare earth elements occurrence, its distribution in coal and its by-products which are
further compared with the world coal average. The chapter eight is based on the study by
experimental methods with the help of leaching in coal samples by water, different
chemical reagents and thermal treatments. This chapter explains to understand the
occurrence of REEs and it’s recovery by different chemicals reagents. The ninth
chapter is related with results explanations, discussion and correlations of various
parameters. The last chapter is conclusions and suggestions for future works. This
research work is an attempt to contribute to the study of the coal, rare earth elements, and
it’s recovery from coal and coal by-products. It may be helpful in waste utilization and

fulfilling the demand for rare earth elements for the benefit and growth of the society.
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