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WITH AN INCREASING public awareness of 
the important role coal will play in our future, 

it is not surprising that a new graduate course in 
Coal Science and Technology attracted a number 
of students when offered recently by the ChE De­
partment of Iowa State University. The course 
was taught on an experimental basis during the 
winters of 197 4 and 1976 and (Was presented on a 
regular basis during the winter of 1978. It ha,s 
attracted from 8 to 22 students each time offered 
with the largest number enrolling most recently. 
Although on the average 40 % of the enrollees have 
been ChE graduate students, about one-fourth 
have been graduate students in other engineering 
and science disciplines and about one-third ad­
vanced undergraduates, mainly ChE's. Enrollment 
has been limited to science and· engineering istu­
dents who have taken courses in organic and phys­
ical chemistry as well as general chemistry. 

The developers of the course are Professors 
Allen Pulsifer and Thomas Wheelock. Both have 
been involved in coal research for a number of 
years and therefore have become familiar with 
the general field of coal science and technology. In 
addition, they are fortunate in being able to call 
on other members of the Iowa State faculty and 
the technical staff 'of the Ames Laboratory for 
lectures dealing with certain specialized areas. 
Because of the Iowa Coal Research Project which 
was funded by a special appropriation of the State 
Legislature in 197 4 and other coal research sup­
ported by the federal Department of Energy, a 
large reservoir of, expertise has built up within 
the University' community to deal with the prob­
lems of producing, transporting, and utilizing coal. 
This reservoir of knowledge is readily available 
for use in the course. 

The purpose of the new course is to introduce 
graduate students and advanced undergraduates 
to the general field of coal science and technology 
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so that they will become familiar with the nature 
and occurrence of coal, its principal chemical and 
physical characteristics, methods of cleaning and 
preparing .coal, and processes for converting it 
into clean solid, liquid and gaseous fuels as well as 
coke. To achieve this purpose the one term course 
is presented as a series of seventeen 90 minute 
lectures (Table 1) and a tour of the Iowa State 
University coal preparation plant (Figure 1). 
Collateral reading is assigned as well as a term 
paper. Since a suitable textbook is not available, 
specific sections of certain reference books (Table 
2) and a number of current technical papers are 
assigned. Many of the papers have been authored 
by the course lecturers. In addition, two movies 
have been shown. One of these, "An American As­
set", is available from the National Coal Associa­
tion in' Washington, D.C., and 1>rovides a good 
introduction to the subject because it touches on 
almost every aspect of modern coal mining and 
utilization. The other film, "The Last Pony Mine", 
is available from the Iowa State University Film 
Production Unit and provides a historical per­
spective since it shows how coal was 'once mined 
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by hand and transported by pony cart. Although 
it does not describe current technology, it is a 
masterpiece which creates great interest among 
its viewers whether experienced with coal mining 
or not. 

LECTURE TOPICS 

THE SERIES OF LECTURE topics is flexible 
and has varied somewhat each time the course 

has been offered. The most recent series (Table 1) 
included several lectures at the beginning of the 
course which dealt with the basic properties and 
characteristics of different types of coal and the 
genesis, nature, and extent of major coal deposits 
so that the :student would gain an 'appreciation of 
the properties of the material and its availability. 
These lectur,es were followed by a lecture on min­
ing, not only to acquaint the student with how coal 
is produced but also to show how the methods of 
production affect the properties of the material 
such as size distribution and degree of contamina­
tion with foreign matter. Two lectures on coal 
preparation were presented next to show how coal 
is presently prepared 'and cleaned for use in com­
bustion and coking. The operating principles, 
characteristics and limitations of various particle 
separation methods used for cleaning coal were 
discussed and current research and development 
in this area of technology was reviewed. Following 
these lectures, the class was given a· tour of the 
coal preparation plant which is located on the 
campus of Iowa State University (Figure 1). 

TABLE 1. 
Winter 1978 lecture topics in Coal Science 

and Technology. 

TOPIC & PERIODS 

Introduction 
Geology of coal 
Microstructure 
Petrography 
Analytical Chemistry 
Surface mining 
Preparation and cleaning 
Plant tour 

Chem. desulfurization 
Chem. and phys. structure 
Carbonization and coking 
Gasification 
Chem. of liquefaction 
Liquefaction technology 

FALL 1978 

LECTURER & 
DEPARTMENT 

Wheelock, Chem. Engr. 
Lemish, Earth Sci. 
Greer, Engr. Sci. 
Biggs, Earth Sci. 
Bachman, Ames Lab 
Anderson, Ag. Engr. 
Wheelock, Chem. Engr. 
Grieve& 

Birlingmair, Ames Lab 
Wheelock, Chem. Engr. 
Markuszewski, Ames Lab 
Pulsifer, Chem. Engr. 
Pulsifer, Chem. Engr. 
Markuszewski, Ames Lab 
Wheelock, Chem. Engr. 

The purpose of the new course is to 
introduce graduate students and advanced 

undergraduates to the general field of coal science 
and technology so that they will become familiar with 

the nature and occurrence of coal, its principal chemical 
and physical characteristics, methods of cleaning and 

preparing coal, and processes for converting it into 
clean solid, liquid and gaseous fuels as well as coke. 

Subsequent lectures dealt with the chemical struc­
ture of coal, important chemical reactions of coal, 
and industrial processes for desulfurizing, coking, 
gasifying and liquefying coal. In addition to re­
viewing state of the art technology, attention was 
given to new processes under development as well 
as the chemical reaction kinetics and thermody­
namic principles underlying these processes. In a 
course of this type other topics could also be cov­
ered, such as coal combustion or coal storage and 
transportation or environmental regulations. 

The University's coal preparation plant pro­
vides a unique backdrop for the course. The prep­
aration plant can process up to 70 ton/ hr. of coal 
and is equipped for crushing, sizing, and heavy 
media separation. It is also equipped with a 
Deister table for cleaning smaller-size coal. Equip­
ment is being installed for demonstrating the 
cleaning of fine-size and ultra-fine size coal by 
hydroclones, froth flotation and selective oil ag­
glomeration. Since the latter will demonstrate new 
technical features developed at the University, it 
will be possible to show future classes how a 
process is scaled up from lab bench to pilot plant. 

TERM PAPERS 

THE TERM PAPER, which is an important 
part of the course, is designed to familiarize 

the student with some aspect of coal research and 
its associated literature. Although a number of 
topics are suggested to the class, each student is 
free to choose his own topic and students are en­
couraged not to select identical topics. Each topic 
should deal with an important question or problem 
in the area of coal science, utilization, or conver­
sion. Ideally, the paper should define the problem, 
present a careful analysis of it, describe and evalu­
ate alternate ways of solving it, indicate how 
others may be trying to solve the problem, and 
make recommendations. The following is an ex­
ample of a topic which might be the subject of a 
term paper: 
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TABLE 2. 
Book list for the course in Coal Science 

and Technology. 

Casidy, S. M., (ed.), "Elements· of Practical Coal Mining," 
Coal Division of SME-AIME, New York, 1973. 

Leonard, J. W., and tD. R. Mitchell, (eds.), "Coal Prepara­
tion," AIME, ;New York, 1968. 

Lowry, H. H., (ed.), "Chemistry of Coal Utilization," Sup­
plementary Vol., Wiley, New York, 1963. 

Meyers, R. A., "Coal Desulfurization," Dekker, New York, 
1977. 

Van Krevelen, D. W., "Coal," Elsevier, New York, 1961. 
Wheelock, T. D., (ed.), "Coal Desulfurization, Chemical and 

Physical Methods," ACS Symp. Series 64, Washington, 
D.C., 1977. 

• Determine the suitability of Iowa bituminous coal for 
various types of industrial gasification processes. 

• What are the properties of Iowa coal and its occurrence 
which may either limit or promote its utilization for 
gasification? 

• Considering the different characteristics of various gasi­
fication processes, which process may utilize Iowa coal 
most effectively? 

Needless to say, a topic such as this requires a 
student to become quite familiar with the nature 
of Iowa coal and the character and size of the Iowa 
coal deposits. He should consider whether there is 
enough coal to support a major gasification plant 
or only a few, small, scattered plants and whether 
the coal can be gasified efficiently and econom­
ically. He should also become familiar with the 
various types of gasification processes to see 
which can best match the characteristics of Iowa 
coal and other local or regional conditions. In­
formation has to be gleaned from technical jour­
nals, government reports, and other sources. But 
most importantly the student has to analyze the 
situation, make judgements and synthesize a 
solution on the basis of incomplete technical in­
formation. 

For the overall course the students are graded 
on the basis of two written exams and the term 
paper. The exams are given at midterm and at the 
end of the course. They consist mainly of essay 
questions and some objective type questions. 

STUDENT POLL 

SEVERAL WEEKS AFTER the last offering 
of the course, the students were polled to de­

termine their reaction to the course and to see 
what suggestions they might have for improve­
ment. A formal questionnaire was sent to each 
student who responded voluntarily and anony­
mously. Among the 22 students who were polled, 
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15 or 68 % returned the completed questionnaire. 
All of the respondents considered the material 
presented in the course to be relevant; 93 % con­
sidered the information presented to be valuable 
and the time spent beneficial. Only three indicated 
that they would not have taken the course if they 
had known what they were getting into. On a 
scale of poor to excellent, 47 % rated the course as 

FIGURE 1. The Iowa State University coal' preparation 
plant provides an interesting backdrop for the course in 
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average, 40 % as good, and 13 % as excellent. All 
but one of the respondents regarded the tour of 
the University coal preparation plant as worth­
while and most thought that the two motion pic­
ture :films made a valuable contribution. Some 70% 
of the respondents thought the reading assign­
ments were "dull but informative", but about right 
in length. Somewhat more than half thought the 
course would have been better with fewer outside 
lecturers. About a :fifth of the respondents indi­
cated learning a lot about coal through working 
on their term paper while the rest indicated learn­
ing a moderate amount and none reported learning 
very little. 

In the future the course will probably be of­
fered every other year unless increasing demand 
causes it to be offered more frequently. Since the 
:field of coal science and technology is developing 
and changing rapidly, the course must also evolve 
and change. But keeping up with these changes 
and new technical developments provides chal­
lenge and inspiration to the student and teacher 
alike. • 

CHEMICAL ENGINEERING EDUCATION 


