


AN INTRODUCTION 
TO COAL TECHNOLOGY 



ENERGY SCIENCE AND ENGINEERING: 
RESOURCES, TECHNOLOGY, MANAGEMENT 

An International Series 
EDITOR 

JESSE DENTÓN 
Belton, Texas 

LARRY L. ANDERSON and DAVID A. TILLMAN (eds.), Fuels from Waste, 
1977 

A. J. ELLIS and W. A. J. MAHON, Chemistry and Geothermal Systems, 
1977 

FRANCIS G. SHINSKEY, Energy Conservation through Control, 1978 
N. BERKOWITZ, An Introduction to Coal Technology, 1979 
JAN F. KREIDER, Medium and High Temperature Solar Processes, 1979 
B. S0RENSEN, Renewable Energy, 1979 
J. H. HARKER and J. R. BACKHURST, Fuel and Energy, 1981 
STEPHEN J. FONASH, Solar Cell Device Physics, 1981 



AN INTRODUCTION 
TO COAL TECHNOLOGY 

N. BERKOWITZ 
Fuel Sciences Division 
Alberta Research Council 
Edmonton, Canada 

and 

Department of Mineral Engineering 
University of Alberta 
Edmonton, Canada 

i/n) A C A D E M I C PRESS 
Xy^^ ^ ν ^ A Subsidiary of Harcourt Brace Jovanovich, Publishers 

N e w Y o r k L o n d o n T o r o n t o S y d n e y S a n F r a n c i s c o 



COPYRIGHT © 1979, BY ACADEMIC PRESS, INC. 
ALL RIGHTS RESERVED. 
NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR 
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC 
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR ANY 
INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT 
PERMISSION IN WRITING FROM THE PUBLISHER. 

ACADEMIC PRESS, INC. 
Ill Fifth Avenue, New York, New York 10003 

United Kingdom Edition published by 
ACADEMIC PRESS, INC. (LONDON) LTD. 
24/28 Oval Road, London NW1 7DX 

Library of Congress Cataloging in Publication Data 

Berkowitz, Norbert, Date 
An introduction to coal technology. 

(Energy science and engineering) 
Includes bibliographical references. 
1. Coal. I. Title. II. Series. 

TP325.B46 662\62 78-19663 
ISBN 0 - 1 2 - 0 9 1 9 5 0 - 8 

PRINTED IN THE UNITED STATES OF AMERICA 

82 9 8 7 6 5 4 3 



For Sheila, 
and for Jonathan, Brian, and Cheryl 



This page intentionally left blank



CONTENTS 

Preface xi 
Acknowledgments xiii 

Part I ORIGINS, FORMATION, AND PROPERTIES OF COAL 

Chapter 1 ORIGINS AND FORMATION 

1.1 Diagenesis and Metamorphism 4 
1.2 The Coal"Series" 13 
1.3 Major Coal-Forming Epochs 14 
1.4 The Distribution of Coal 16 

Notes 19 
References 20 

Chapter 2 COMPOSITIONS 

2.1 Physical Composition 21 
2.2 Chemical Composition 29 
2.3 Relationship among Age, Location, and Rank of Coal 39 
2.4 Mineral Matter in Coal 45 

Notes 53 
References 53 



via Contents 

Chapter 3 CLASSIFICATION 

3.1 Humic and Sapropelic Coals 57 
3.2 Classification Parameters 58 
3.3 Classification Systems 59 

Notes 68 
References 68 

Chapter 4 PHYSICAL PROPERTIES 

4.1 Porosity and Pore Structure 70 
4.2 Density 75 
4.3 Electrical Conductivity 79 
4.4 Specific Heats, Thermal Conductivity, and Thermal Expansion 80 
4.5 Elasticity, Hardness, and Strength 85 

Notes 92 
References 93 

Chapter 5 CHEMICAL PROPERTIES 

5.1 Oxidation with Air or Oxygen 95 
5.2 Oxidation with Liquid Oxidants 104 
5.3 Oxidative Ammoniation ("Ammoxidation") 107 
5.4 Halogenation 108 
5.5 Hydrogénation 109 
5.6 Depolymerization, Alkylation, and Related Reactions 112 
5.7 The Chemical Structure of Coal 115 

Notes 127 
References 127 

Chapter 6 BEHAVIOR AT ELEVATED TEMPERATURES: 
DECOMPOSITION AND CARBONIZATION 

6.1 The Kinetics of Thermal Decomposition 134 
6.2 Liquid and Gaseous Products of Thermal Decomposition 137 
6.3 The Plastic Properties of Coal 142 
6.4 Solid Products of Thermal Decomposition 153 

Notes 156 
References 156 

Chapter 7 THE ACTION OF SOLVENTS ON COAL 

7.1 Specific and Nonspecific Solvents 159 
7.2 Extract Yields 160 
7.3 The Composition of Coal Extracts 162 
7.4 Solvolysis 164 

Notes 165 
References 165 



Contents ix 

Part II UPGRADING, HANDLING, AND PROCESSING OF COAL 

Chapter 8 BENEFICIATION: CLEANING, DRYING, AND BRIQUETTING 

8.1 Cleaning 169 
8.2 Drying 176 
8.3 Briquetting 177 

Notes 182 
References 182 

Chapter 9 TRANSPORTATION AND STORAGE 

9.1 Transportation 184 
9.2 Quality Deterioration and Autogenous Heating 189 
9.3 Storage Methods 192 

Notes 194 
References 194 

Chapter 10 COMBUSTION 

10.1 The Chemistry of Combustion 197 
10.2 Combustion Modes 199 
10.3 Fixed-Bed Combustion 201 
10.4 Suspension Firing 204 
10.5 Combustion in Fluidized Beds 207 
10.6 Magnetohydrodynamic Generation of Electricity 209 
10.7 Effects of Coal Ash in Combustion Processes 211 

Notes 214 
References 215 

Chapter 11 CARBONIZATION 

11.1 Low-Temperature Carbonization 217 
11.2 High-Temperature Carbonization 223 
11.3 Coal Tar Processing 229 
11.4 Flash Pyrolysis 233 
11.5 Plasma Pyrolysis 240 
11.6 Formed Coke 242 

Notes 245 
References 246 

Chapter 12 GASIFICATION 

12.1 Gasification Reactions 251 
12.2 Early and Current Commercial Gasifiers 253 
12.3 Second-Generation Gasifiers 261 
12.4 Catalyzed Gasification 274 
12.5 Gas Shifting 274 



X Contents 

12.6 Gas Purification 275 
12.7 Carbon Monoxide-Hydrogen Reactions 278 
12.8 Hydrocarbon Synthesis from Carbon Monoxide and Steam 289 
12.9 Underground (In-Situ) Gasification 290 

Notes 297 
References 298 

Chapter 13 LIQUEFACTION 

13.1 Bergius Hydrogénation 303 
13.2 "Second-Generation" Liquefaction Processes 305 

Notes 312 
References 312 

Chapter 14 SOLVENT EXTRACTION 

14.1 Pott-Broche and Related Extraction Processes 315 
14.2 Solvent Refining of Coal 316 
14.3 Supercritical Gas Extraction 321 

References 322 

Chapter 15 ENVIRONMENTAL ASPECTS OF COAL UTILIZATION 

15.1 The Nature of Coal Pollutants 323 
15.2 Pollution Abatement Technologies 326 

Notes 333 
References 334 

Index 337 



PREFACE 

Since the late 1960s, and especially since the "oil crisis" of 1973, coal— 
which had for several decades played a steadily diminishing role in the energy 
economies of industrialized countries and was, indeed, often viewed as 
passé—has once more moved onto center stage of the energy scene. Projec-
tions of long-term availability and costs of alternative fossil fuels, and better 
appreciation of technical options for interchanging gas, oil, and coal, have 
not only led to a consensus that coal will again become an increasingly 
important component of future energy supplies, but also persuaded many 
that it will become a preeminent primary energy resource before the end of 
the century. 

This book has been written with a view to assisting individuals who, in 
such circumstances, may wish to gain some technical familiarity with coal. 
It is not intended for specialists who in the course of their work routinely 
rely on the vast professional literature that a century of coal research has 
created. It addresses itself, rather, to scientists and engineers who are pres-
ently active in other fields, but who might now want to bring coal within the 
orbit of their interests, and to advanced students of chemical and mineral 
engineering who are contemplating careers in coal-related endeavors. 

xi 



xii Preface 

What I have attempted to provide is, in other words, an overview that 
tells what coal is, how it came into being, what its principal physical and 
chemical properties are, and how it is handled or processed for particular 
end uses. For each topic I have tried to provide sufficient information to 
enable an interested reader, when so inclined, to attack the more specialized 
literature. 

In presenting such diverse material, I have followed a natural sequence 
by beginning with a brief account of the origin, formation, and distribution 
of coal (Chapter 1), and then summarizing its composition, classification, 
and most important properties (Chapters 2-7) before turning to beneficia -
tion and handling (Chapters 8 and 9), combustion (Chapter 10), and various 
partial or complete conversion technologies (Chapters 11-14), and finally 
dealing with some aspects of pollution and pollution control (Chapter 15). 
This format effectively divides the book into two parts—the first (Chapters 
1-7) centered on coal science and only the second (Chapters 8-15) con-
cerned with technology in sensu stricto. But I hope that incursions into science 
and the at times fairly detailed discussions of coal chemistry—as, for exam-
ple, in Section 5.7, which treats the molecular structure of coal—are not 
misunderstood and deemed to make my choice of title inappropriate. I 
believe that the scope, challenges, and limitations of coal technology cannot 
be fully appreciated without an understanding of coal compositions and 
properties; and since the complexity of coal does not make it easy to gain 
such understanding, I can only ask my readers' indulgence if I seem on 
occasion to have gone beyond what they might think sufficient for an 
overview. 

A brief comment on my selection of material and bibliography may also 
be called for. As much as possible, I have confined myself to topics that bear 
more or less directly on the technical behavior of coal; and with respect to 
coal technologies I have sought to draw attention to processes that are either 
already of practical importance or that may reasonably be expected to gain 
such importance. (I have therefore included a short outline of tar processing, 
about which much can be learned from the experiences of the 1930s and 
1940s, as well as summaries of coal gasification and liquefaction, whose 
potential still remains to be realized.) To facilitate follow-up reading, I have 
also, wherever possible, cited the most accessible literature—and, preferably, 
English-language literature. At first glance this certainly distorts the research 
and development scene, and I would therefore ask readers always to bear 
in mind that whatever convenience my choices offer them is at the expense of 
proper recognition of the outstanding contributions made in many other 
countries and reported in other languages. 
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