S

A
o




§/.4212
A 32

Analytical Methods
for '

Coal and Coal Products

Edited by CLARENCE KARR, JR.:

Department of Energy
Morgantown Energy Technology Center
Morgantown, West Virginia

Volume I :

ACADEMIC PRESS
A Subsidiary of Harcourt B

J
y ] A @i 5-.' r'tt/; .

. .

e R

Nemvu{'yo;rf 1ﬁaﬁ anciséo London

Jovanovich ers

. ..
\//ﬂgf\%@y .

1978



—
L

. ‘&oryriGHT © 1978, 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.
111 Fifth Avenue, New York, New York 10003

United Kingdom Edition published by

ACADEMIC PRESS, INC. (LONDON) LTD.
RA/28 Oval Road, London NW1 7DX

Libfaty.éf Congress Cataloging in Publication Data
Maif1 ;ntfy under title:
-Afﬂilyt-ica; methotis. for coal and coal products.
Includes bibliographies.
1. Coal-—Analysis. 1. Xarr, Clarence.

TP325.A58 662°.622 . 78-4928
ISBN 0-12~-399901 -4 (v. 1)

* “PRINTED IN THE UNITED STATES.OF AMERICA



List of Contributors

Numbers in parentheses indicate the pages on which the authors’ contributions begin.

THOMAS ACZEL (499), Exxon Research and Engineering Company,
Baytown Research and Development Division, Analytical Research
Laboratory, Box 4255, Baytown, Texas 77520 '

. W. ADKINS (541), Pittsburgh Energy Research Center, U.5. De-
partment of Energy, 4800 Forbes Avenue, Pittsburgh, Pennsylvama
15213

S. M. AHMED+ (263), Energy Research Laboratories, Department of
Energy, Mines, and Resources, Ottawa, Canada K1A OGl1

D.]. ALLARDICE (83, 247), Research and Development Department,
State Electricity Commission of Victoria, Box 2765Y, G.P.O. Mel-
bourne, Australia 3001

H. B. BOOHER (541), Pittsburgh Energy Research Center, U.S. De-
partment of Energy, 4800 Forbes Avenue, P1ttsburgh Pennsylvama
15213

R. A. BROWN (499), Exxon Research and Development Company,
Analytical and Information Division, Linden, New Jersey -

J. A. CARTER (403), Oak Ridge National Laboratory, P.O. Box Y, Oak ‘

~ Ridge, Tennessee 37830

. J. A. CAVALLARO (435), Pittsburgh Mining Operations, U.S. De-

partment of Energy, Pittsburgh, Pennsylvania 15213

JITENDRA NATH CHAKRABARTI (279, 323), Department of Chemis-
try, Fuel, and Metallurgy, Indlan School of Mines, Dhanbad, India
826004 :

ALAN DAVIS (27), Department of Geosciences, The Pennsylvania
* State University, 513 Deike Building, University Park, Pennsylvama
16802

A. W. DEURBROUCK (435), Pittsburgh Mining Operations, U.S. De-
partment of Energy, Pittsburgh, Pennsylvania 15213 ' ,

D. L. DONOHUE (403), Oak Ridge National Laboratory, P O. Box Y,
Oak Ridge, Tennessee 37830

- + Present address: 1238 Parkway Drive, Ottawa, Ontario, Canada K2C 2W4

xi



Xii List of Contributors

. J. E. DOOLEY (467), Bartlesville Energy Research Center, U.5. De-
partment of Energy, P.O. Box 1398, Bartlesville, Oklahoma

D. G. EVANS (83,247), Department of Chemical Englneerlng, Univer-

. sity of Melbourne, Parkville, Australia 3052

~ J. C. FRANKLIN (403), Oak Ridge National Laboratory, P.O. Box Y,
Oak Ridge, Tennessee 37830

D. C. FROST (349), Department of Chemistry, University of British
Columbia, 2075 Wesbrook Place, Vancouver, Canada V6T 1W5

G. A. GIBBON (435, 541), Pittsburgh Energy Research Center, U.S.
Department of Energy, 4800 Forbes Avenue, Pittsburgh, Pennsylva-
nia 15213 . ‘

RICHARD ]. GUIDOBONI (421), Ledgemont Laboratqry Kennecott
Copper Corporation, 128 Spring Street Lexington, Massachusetts
02173 |

E. A. HATTMAN (435, 541), Pittsburgh Energy Research Center, U.S.
Department of Energy, 4800 Forbes Avenue, Pittsburgh, Pennsylva—
nia 15213

W. R. LEEDER (349), Energy Research Laboratorles, Department of

" Energy, Mines, and Resources, Ottawa, Canada K1A OG1

W. E. McKINSTRY (557), Pittsburgh Energy Research Center, U.S.
Department of Energy, 4800 Forbes Avenue, Plttsburgh Pennsylva-
nia 15213

O. P. MAHAJAN (125, 163), Department of Materials Sc1ence and En-
gineering, The Pennsylvania State University, University Park, Penn-
sylvania 16802

M. J: MIMA (557), Pittsburgh Energy Research Center, U.S. Depart-
ment of Energy, 4800 Forbes Avenue, Plttsburgh Pennsylvama 15213

W. J. MONTGOMERY (191), Energy Research Laboratories, Depart-
ment' of Energy,-Mines, and Resources, Ottawa Canada K1A OG1

R. J. PANCIROV (499), Exxon Research and Development Company,
Analytical and Information Division, Linden, New Jersey :

S. E. SCHEPPELE (467), Department of Chemistry, Oklahoma State
University, Stillwater, Oklahoma 74074 _

H. SCHULTZ (435, 541, 557), Pittsburgh Energy Research Center, U.S.
Department of Energy, 4800 Forbes Avenue Pittsburgh, Pennsylva-
nia 15213

C. J. THOMPSON (467), Bartlesville Energy Research' Center, U.S.

. Department of Energy, P.O. Box 1398, Bartlesville, Oklahoma
FRANCIS T. C. TING (3), Department of Geology and Geography,
West Virginia University, Morgantown, West Virginia 26506 :

P. L. WALKER, Jr. (125, 163), Department of Materials Science and

Engmeenng, The Pennsylvania State Umversﬂy, Umversxty Park,
Pennsylvama 16802



List of Contributors : xiii

R.L. WALKER (403), Oak Ridge National Laboratory, P.O. BoxY Oak
Ridge, Tennessee 37830 '

B. WALLBANK (349), Department of Chermstry, University of British
Columbia, 2075 Wesbrook Place, Vancouver, Canada V6T 1W5 |

JACK N. WEAVER (377), Nuclear Services Laboratory, Nuclear En-
gineering Department, North Carolina State University, Raleigh,
North Carolina 27607

B. J. P. WHALLEY (263), Energy Research Laboratories; CANMET,
Department of Energy, Mines, and Resources, Ottawa, Canada K1A
OGl1 '

R. B. WILLIAMS (499),. Exxon Research and Engineering Company,
Baytown Research and Development Division, Analytical Research
Laboratory, Box 4255, Baytown, Texas 77520



Preface

Because of the inevitable decline in proven world teserves of petro-

leum and natural gas and the rising world demand for energy and chem-
ical resources, coal has.been projected as a major alternative, along with
nuclear power, to meet these needs, at least through the year 2000 and
probably well beyond. For a considerable period, the next-decade or so,

the major uses of coal will continue to be combustion in electric power -

. plants and, on a smaller scale, carbonization for the production of metal-
lurgical coke. However, to meet the demands for transportation and
other fuels, and petrochemicals, processes such as coal liquefaction will
eventually have to play a significant role.

This growing importance of coal has resulted in a renewed interest in

the numerous analytical methods for coal and coal products. Many of
these are the so-called standard methods (ASTM, ISO, BS, IS, GS, DIN,
etc.) that have been periodically updated, but some of which are now
found to require modification or reinterpretation to meet new require-
ments. In addition, there are many relatively new approaches, usually

based on modern sophisticated instrumentation, that have been shown

to have wide applicability to coal unalysis problems but have not all
obtained-the status of standards. These important new methods require
a thorough review and evaluation of their advantages and limitations.

The purpose of these volumes is to present for the first time a work
devoted exclusively to many of these analytical problems and methods

for coal and most of its numerous products. To this end, in the prepara- .-

tion of these volumes, authors and coauthors from different countries
have cooperated to make their expertise, and that of numerous other
researchers in review material, available in a single multivolume refer-
ence work. Every atteinpt has been made to cover as much subject
matter as feasible in these volumes.

To a considerable extent I have organized these volumes according to
some specific coal process such as combustion, carbonization, or
liquefaction, the latter included in Volume 1. No attempt was made to
include discussion of the many different coal processes as such. How-
ever, because analytical methods are basically independent of specific

-
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coal processes, there is a large degree of interapplicability, with some
modifications or precautions, as indicated in various chapters. There-
fore the analyst should seek appropriate methods as much in terms of
feeds and gaseous, liquid, and solid products, as in terms of specific
coal processes. :

Because all coal processes use one or more different types of coal as
feed, many details have been presented not only on physical and chemi-
cal property determinations, but also on the determinations of trace
elements, minerals, and the structure of the organic part of coal. The last
subject is of particular significance in the production of either coke or
liquid fuels. The first three subjects are covered in Volume I

Although the use of expensive instrumentation such as x-ray photo-
electron 'spectrosco'py, neutron activation analysis, and mass spec-
trometry instrumentation covered in Volume I, has been growing
rapidly in the last decade, as exemplified by the extensive coverage in
these volumes, there still exists,a very basic need for simple inexpensive
equipment that can be assembied and used anywhere in the world that
coal is used as a source of energy or materials. This is not only because
there are financial constraints on some of the laboratories throughout the
world, but also because there sometimes is no modern sophisticated
device that can be used to advantage over older established methods.
With this in mind, considerable attention has been devoted to the de-
tailed descriptions, such as_the methods for sulfur and chlorine de-
scribed in Volume I, of older techniques, and their modifications, based
- on the authors’ personal experiences in the laboratory. These particular
chapters, along with those that go into considerable detail about the
latest generation of instruments and techniques, together comprise in
essence a handbook of methoc'ology for the analysis of coal and many
coal products. '

A large number of cross references have been entered to enable the
reader to find different approaches to an analytical problem, or to find
various applications of the same basic method. Fully detailed entries
have been placed in the Index for each volume to enable the reader
to find items of specific interest.

I wish to thank all the authors and their organizations for their gener-
ous cooperation and support in this venture. I also wish to thank Pamala
Kisner Stasia for her assistance with the correspondence involved in the
preparatlon of this work.
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