Coal Combustion Mineral Impurities: A

Comprehensive Guide

Introduction

The utilization of coal as a primary energy source has
been accompanied by growing concerns about the
release of harmful pollutants and the accumulation of
mineral impurities during the combustion process.
These impurities, present in varying amounts and
compositions, pose significant challenges to the
efficient operation of coal-fired power plants and have

far-reaching environmental and health implications.

Mineral impurities in coal can originate from various
sources, including inherent geological formations,
mining activities, and coal preparation and handling
processes. As coal undergoes combustion, these

impurities can undergo complex transformations,



resulting in the formation of ash, slag, and other
byproducts. The behavior of mineral impurities during
combustion is influenced by numerous factors,
including the type of coal, combustion conditions, and

the presence of additives.

The accumulation of ash and slag deposits on boiler
surfaces can lead to a decrease in heat transfer
efficiency, increased downtime for maintenance, and
potential equipment failures. Furthermore, the release
of particulate matter, heavy metals, and gaseous
pollutants from coal combustion can contribute to air
pollution, posing risks to human health and the

environment.

The management of mineral impurities in coal
combustion is a critical aspect of ensuring the
sustainable and environmentally responsible operation
of coal-fired power plants. This involves employing
various strategies to mitigate the formation and

deposition of ash and slag, minimize air pollutant



emissions, and properly handle and dispose of

combustion byproducts.

This book provides a comprehensive overview of the
behavior, problems, and remedial measures associated
with mineral impurities in coal combustion. It delves
into the mechanisms of ash deposition and slagging,
corrosion and erosion, fouling and plugging, and the
impact of mineral impurities on air pollution and solid

waste management.

The book also explores the environmental and health
implications of coal combustion mineral impurities, as
well as the economic costs associated with their
management. It concludes with a discussion of future
trends and research needs in this field, emphasizing
the importance of international collaboration and

cooperation to address these global challenges.



Book Description

The utilization of coal as a primary energy source has
been accompanied by growing concerns about the
release of harmful pollutants and the accumulation of
mineral impurities during the combustion process.
These impurities, present in varying amounts and
compositions, pose significant challenges to the
efficient operation of coal-fired power plants and have

far-reaching environmental and health implications.

This comprehensive book delves into the behavior,
problems, and remedial measures associated with
mineral impurities in coal combustion, providing a
valuable resource for researchers, engineers, and
policymakers working in this field. It offers a thorough
understanding of the mechanisms of ash deposition
and slagging, corrosion and erosion, fouling and
plugging, and the impact of mineral impurities on air

pollution and solid waste management.



With a focus on practical solutions, the book explores
various strategies to mitigate the formation and
deposition of ash and slag, minimize air pollutant
emissions, and properly handle and dispose of
combustion byproducts. It also examines the
environmental and health implications of coal
combustion mineral impurities, as well as the

economic costs associated with their management.
Key features of the book include:

e Detailed analysis of the behavior of mineral
impurities during coal combustion

e Comprehensive discussion of the problems
caused by mineral impurities, such as ash
deposition, slagging, corrosion, erosion, fouling,
and plugging

e In-depth exploration of the environmental and
health impacts of coal combustion mineral

impurities



e Examination of the economic costs associated

with the management of mineral impurities

e Review of current technologies and strategies for
mitigating the formation and deposition of ash
and slag, minimizing air pollutant emissions, and
properly handling and disposing of combustion
byproducts

e Identification of future trends and research
needs in the field of coal combustion mineral

impurities

This book is an indispensable resource for researchers,
engineers, and policymakers seeking to address the
challenges posed by mineral impurities in coal
combustion. It  provides a comprehensive
understanding of the complex interactions between
coal combustion and mineral impurities, and offers
practical guidance for developing effective strategies to

mitigate their negative impacts.



Chapter 1: Understanding Coal

Combustion Mineral Impurities

Coal Combustion Byproducts and Their

Characteristics

Coal combustion, a process that converts the chemical
energy stored in coal into thermal energy, results in the
generation of various byproducts. These byproducts
can be broadly categorized into three main types: ash,

slag, and flue gas.
1. Ash:

Ash is the solid residue remaining after the combustion
of coal. It primarily consists of inorganic minerals that
were present in the coal, such as silica, alumina, iron
oxide, and calcium oxide. The composition and
quantity of ash vary depending on the type of coal and
the combustion conditions. Ash can be further

classified into two types: bottom ash and fly ash.



e Bottom Ash: Bottom ash is the coarse, granular
material that settles at the bottom of the boiler or
furnace. It typically consists of larger particles
and has a higher concentration of heavy metals

and other impurities compared to fly ash.

e Fly Ash: Fly ash is the fine, powdery material
that is carried away by the flue gas. It consists of
smaller particles and has a lower concentration
of impurities compared to bottom ash. Fly ash is
often collected using electrostatic precipitators
or fabric filters and can be utilized in various
applications, such as cement production and

construction materials.
2. Slag:

Slag is a molten material that is formed when ash melts
during the combustion process. It is typically composed
of a mixture of ash, unburned coal particles, and other

impurities. Slag can cause problems by adhering to



boiler tubes and other heat transfer surfaces, leading to

reduced efficiency and potential equipment damage.
3. Flue Gas:

Flue gas is the gas that is produced during coal
combustion. It consists of various components,
including carbon dioxide, water vapor, nitrogen, sulfur
dioxide, nitrogen oxides, and particulate matter. Flue
gas can also contain trace amounts of heavy metals and
other pollutants. The composition of flue gas can vary
depending on the type of coal, the combustion
conditions, and the pollution control technologies

employed.

The characteristics of coal combustion byproducts are
influenced by several factors, including the coal's rank,
the combustion technology, and the operating
conditions. These characteristics play a crucial role in
determining the environmental impact and the
potential utilization or disposal options for these

byproducts.



Chapter 1: Understanding Coal

Combustion Mineral Impurities

Classification and Sources of Coal

Combustion Mineral Impurities

Coal combustion mineral impurities can be broadly
classified into two main categories: inherent and
extrinsic. Inherent mineral impurities are those that
are naturally present in the coal seam, while extrinsic
mineral impurities are introduced during mining,

processing, and transportation.
Inherent mineral impurities

Inherent mineral impurities originate from the
geological formation of coal and are typically
associated with the coal matrix. These impurities

include:

e (Clay minerals: Clay minerals are the most

common type of inherent mineral impurity in

10



coal. They are formed from the alteration of
aluminum-bearing minerals and are composed
of fine-grained particles that can contribute to
ash deposition and slagging.

Quartz: Quartz is a common mineral found in
coal seams and is composed of silicon dioxide
(Si02). It is typically inert during combustion but

can contribute to ash deposition and erosion.

Pyrite: Pyrite is a common sulfide mineral found
in coal seams and is composed of iron disulfide
(FeS2). During combustion, pyrite can oxidize to
form iron oxides, which can lead to slagging and
corrosion.

Calcite: Calcite is a carbonate mineral found in
coal seams and is composed of calcium
carbonate (CaCO3). Calcite can decompose
during combustion to form calcium oxide (CaO),

which can contribute to ash deposition and

slagging.
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Extrinsic mineral impurities

Extrinsic mineral impurities are introduced into coal

during mining, processing, and transportation. These

impurities can include:

12

Overburden: Overburden is the rock and soil
that lies above the coal seam. During mining,
overburden can be mixed with the coal,
introducing mineral impurities such as clay,
quartz, and calcite.

Parting materials: Parting materials are layers
of rock or shale that are found within the coal
seam. During mining, these materials can be
inadvertently included in the coal, introducing
mineral impurities such as clay, quartz, and
pyrite.

Mining equipment: Mining equipment, such as
draglines and bulldozers, can introduce mineral

impurities into coal through wear and tear.



These impurities can include iron, manganese,

and copper.

e Transportation: Coal can be transported by rail,
truck, or barge. During transportation, coal can
be exposed to wind and rain, which can leach
out soluble minerals such as sodium, potassium,

and magnesium.

The type and concentration of mineral impurities in
coal can vary widely depending on the coal source,
mining methods, and processing techniques.
Understanding the classification and sources of coal
combustion mineral impurities is essential for
developing effective strategies to mitigate their
negative impacts on coal-fired power plants and the

environment.
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Chapter 1: Understanding Coal

Combustion Mineral Impurities

Behavior of Mineral Impurities During Coal

Combustion

During coal combustion, the mineral impurities
present in the coal undergo complex transformations,
influenced by various factors such as the type of coal,
combustion conditions, and the presence of additives.
These transformations can have a significant impact on
the efficiency and environmental performance of coal-

fired power plants.

One of the key factors affecting the behavior of mineral
impurities is the temperature profile of the combustion
process. As coal particles are heated, the mineral
impurities begin to decompose and release volatile
elements. These volatile elements can react with other

components in the coal, forming new compounds that
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may condense on boiler surfaces or be carried away by

the flue gas.

The ash content of coal is another important factor
influencing the behavior of mineral impurities. Ash
content refers to the amount of non-combustible
material remaining after coal combustion. High-ash
coals tend to produce more ash and slag during
combustion, which can lead to increased deposition

and corrosion issues.

The type of coal also plays a role in determining the
behavior of mineral impurities. Different coals have
different mineral compositions, and these differences
can affect the formation and deposition of ash and slag.
For example, coals with high levels of silica and
alumina tend to form more ash and slag than coals

with lower levels of these elements.

In addition to the coal itself, the combustion conditions
can also influence the behavior of mineral impurities.
Factors such as the air-fuel ratio, the temperature of

15



the combustion zone, and the residence time of the coal
particles in the combustion chamber can all affect the

formation and deposition of ash and slag.

Finally, the presence of additives can also modify the
behavior of mineral impurities during coal
combustion. Additives are substances that are
introduced into the combustion process to improve the
performance of the coal or to reduce the formation of
ash and slag. Some common additives include

limestone, dolomite, and iron oxide.

Understanding the behavior of mineral impurities
during coal combustion is crucial for optimizing the
operation of coal-fired power plants and minimizing
the associated environmental impacts. By carefully
controlling the combustion conditions and employing
appropriate additives, it is possible to mitigate the
formation and deposition of ash and slag, reduce air
pollutant emissions, and improve the overall efficiency

of the combustion process.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.

17



Table of Contents

Chapter 1: Understanding Coal Combustion Mineral
Impurities * Coal Combustion Byproducts and Their
Characteristics * Classification and Sources of Coal
Combustion Mineral Impurities * Behavior of Mineral
Impurities During Coal Combustion * Impact of Mineral
Impurities on Combustion Processes * Analytical

Techniques for Characterizing Mineral Impurities

Chapter 2: Ash Deposition and Slagging *
Mechanisms of Ash Deposition and Slagging * Factors
Influencing Ash  Deposition and Slagging *
Consequences of Ash Deposition and Slagging *
Strategies for Mitigating Ash Deposition and Slagging *

Case Studies of Ash Deposition and Slagging Issues

Chapter 3: Corrosion and Erosion * Mechanisms of
Corrosion and Erosion in Coal Combustion Systems *
Factors Influencing Corrosion and Erosion *

Consequences of Corrosion and Erosion * Materials

18



Selection and Design Considerations for Corrosion and
Erosion Mitigation * Case Studies of Corrosion and

Erosion Issues

Chapter 4: Fouling and Plugging * Mechanisms of
Fouling and Plugging in Coal Combustion Systems *
Factors Influencing Fouling and Plugging *
Consequences of Fouling and Plugging * Strategies for
Mitigating Fouling and Plugging * Case Studies of

Fouling and Plugging Issues

Chapter 5: Mineral Impurities and Air Pollution *
Emission of Air Pollutants from Coal Combustion * Role
of Mineral Impurities in Air Pollutant Formation *
Regulations and Standards for Air Pollutant Emissions
* Technologies for Controlling Air Pollutant Emissions *
Case Studies of Air Pollution Issues Related to Coal

Combustion

Chapter 6: Mineral Impurities and Solid Waste
Management * Characteristics and Composition of Coal

Combustion Solid Wastes * Environmental Impacts of

19



Coal Combustion Solid Wastes * Regulations and
Standards for Coal Combustion Solid Waste
Management * Technologies for Managing Coal
Combustion Solid Wastes * Case Studies of Coal

Combustion Solid Waste Management Issues

Chapter 7: Mineral Impurities and Water Quality *
Sources of Water Contamination from Coal Combustion
* Impact of Mineral Impurities on Water Quality *
Regulations and Standards for Water Quality *
Technologies for Controlling Water Contamination
from Coal Combustion * Case Studies of Water Quality

Issues Related to Coal Combustion

Chapter 8: Mineral Impurities and Human Health *
Health Effects of Coal Combustion Mineral Impurities *
Exposure Pathways to Coal Combustion Mineral
Impurities * Regulations and Standards for Protecting
Human Health from Coal Combustion Mineral
Impurities * Strategies for Reducing Human Exposure

to Coal Combustion Mineral Impurities * Case Studies

20



of Health Issues Related to Coal Combustion Mineral

Impurities

Chapter 9: Economic and Environmental Impacts of
Coal Combustion Mineral Impurities * Economic
Costs of Coal Combustion Mineral Impurities *
Environmental Costs of Coal Combustion Mineral
Impurities * Life Cycle Assessment of Coal Combustion
Mineral Impurities * Strategies for Reducing the
Economic and Environmental Impacts of Coal
Combustion Mineral Impurities * Case Studies of
Economic and Environmental Impacts of Coal

Combustion Mineral Impurities

Chapter 10: Future Trends and Research Needs *
Emerging Technologies for Controlling Coal
Combustion Mineral Impurities * Research Needs in
the Area of Coal Combustion Mineral Impurities *
International Collaboration and Cooperation on Coal
Combustion Mineral Impurities * Policy and Regulatory

Developments Related to Coal Combustion Mineral

21



Impurities * Outlook for the Future of Coal Combustion

Mineral Impurities Management

22



This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.

23



	Coal Combustion Mineral Impurities: A Comprehensive Guide
	Introduction
	Book Description
	Chapter 1: Understanding Coal Combustion Mineral Impurities
	Coal Combustion Byproducts and Their Characteristics

	Chapter 1: Understanding Coal Combustion Mineral Impurities
	Classification and Sources of Coal Combustion Mineral Impurities

	Chapter 1: Understanding Coal Combustion Mineral Impurities
	Behavior of Mineral Impurities During Coal Combustion

	This extract presents the opening three sections of the first chapter.
	Discover the complete 10 chapters and 50 sections by purchasing the book, now available in various formats.
	Table of Contents
	This extract presents the opening three sections of the first chapter.
	Discover the complete 10 chapters and 50 sections by purchasing the book, now available in various formats.

