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EXPERIENCES IN A SENIOR CHEMICAL ENGINEERING 
MATERIALS COURSE* 

JOHN P. O'CONNELL 
TIMOTHY J. ANDERSON 
University of Florida 
Gainesville, Florida 32611 

w HEN CLASSES STARTED at the University of 
Florida on September 5, 1966, the senior 

author had precisely two days to prepare for his 
inaugural teaching assignment: Materials Science 
for Chemical Engineers. Since he had never had 
such a course, nor settled his family in Gainesville, 
and the scheduled meetings started the first day 
at 7 :30 AM, even a week's substitution by a col­
league could not prevent the rest of the 13 week 
trimester from being a struggle to just keep ahead 
of the students. Fortunately ( ?) , most of them 
were seniors with senior-itis (the course was one 
of the requirements usually postponed to the last 
term) and they did not really care as long as their 
grades were adequate to graduate. It was found 
that many of the "basic" concepts of the text were 
understood by the students, so higher level content 
could be covered at a faster rate. This made it 
pleasant, but harder, for the instructor. 

Thus began the evolution of a successful 
course which we have retained in chemical engi­
neering, manpower permitting, despite an altern­
ate sophomore~junior course available in our ex­
cellent Materials Science and Engineering Depart­
ment. Its success in comprehensive coverage at a 

Since ChE practice generally involves 
fluids in reactions and separations there is little 
emphasis on the solid state. Yet we believe a 
strong case can be presented for incorporating 
materials engineering on a permanent basis. 
into the ChE curriculum. 

*Presented at the 1979 A.SEE meeting, Baton Rouge 
LA. 
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solid professional level hinges on two factors; 
direct integration of concepts learned in prior 
chemistry and engineering courses, and consider­
able interaction of the students and teacher using 
visual aids. The result is an experience in reflec­
tion about natural phenomena and how descriptive 
use of thermodynamics, kinetics, transport phe­
nomena, interfacial behavior and molecular theory 
can make sense out of what may have happened, 
and/or what probably would happen, to a sample 
under changing environmental conditions of 
temperature, concentration, mechanical forces and 
electromagnetic fields. The objective is to prepare 
the student to explain with proper language, to 
himself and others, how such generalized method­
ology can qualitatively, and perhaps quantitatively, 
unify the diverse behavior observed in systems 
containing solids and to cope with new develop­
ments. 

WHY A CHEMICAL ENGINEER'S MATERIALS COURSE? 

The chemical engineering profession has been 
expanding in breadth and depth, and the practic­
ing chemical engineer is now required to be 
knowledgeable in many more diverse facets of 
engineering science. Because only two to three 
years are devoted to study in professional courses, 
we must be as efficient as possible in assimilation 
of knowledge and development of understanding. 
Since chemical engineering practice generally 
involves fluids in reactions and separations, 
there is little emphasis on the solid state. Yet, we 
believe a strong case can be presented for in­
corporating materials engineering on a permanent 
basis into the chemical engineering curriculum. 

. First, the nature of solids makes them vital to the 
chemical industries as containers for the fluids. 
Pipes, reactors, distillation towers, tanks, etc., are 
all essential to chemical processing. Also, polymer 
processing has emerged as a . major economic 
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factor in the industry, though it often receives 
little or no attention in professional education. 
Further, a growing proportion of the chemical 
feedstocks are in the solid phase as are, for · 
example, coal, ores and wood. In addition, the solu­
tions to many of today's technological problems 
in energy and pollution, where chemical engineers 
are essential, pivot on an understanding of solid 
state properties and materials handling. These are 
illustrated by needs such as the development of a 
viable fusion container, an economical photovoltaic 
solar cell, a reliable reactor vessel for coal gasi­
fication and an understanding of fundamental 
catalysis. Finally, our strongest argument for the 
inclusion of a materials course in a chemical engi­
neering program can be found by examining the 
end result of the educational process-the func­
tions the practicing engineer performs after 
graduation. Increasingly, our chemical engineer­
ing graduates are placed into interdisciplinary, 
solids-related activities that include polymer pro­
cessing, semi-conductor technology, biomedical ap­
plications and· research in interfacial science. 
While we cannot off er study in the depth of the 
historically spawned disciplines such as nuclear, 
environmental, polymer and metallurgical engi­
neering, materials is a fundamental engineering 
science finding intense application in today's 
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engineering practice and it needs to be treated at 
a sophisticated and integrative level for practical 
professional use. For our purposes, it should not 
just be a survey of catalogued behavior, memo­
rized structures and phenomena. 

An important question involves the depart­
ment in which the course is taken. Though a ma­
terials science department is well qualified to pre­
sent such a course, the authors believe certain ad­
vantages exist in presenting the course within the 
chemical engineering department to isolated 
chemical engineering seniors. Assuming qualified 
instructors are available, an internal course at the 
senior level allows them to integrate previously 
studied fundamental chemical engineering 
sciences. In this respect the format presents the 
student with the opportunity to "put it all to­
gether." In particular, this synergistic effect 
brings in the chemical engineer's strong back­
ground in the chemistry and physics of equilibria 
and rate processes coupled with chemical process­
ing knowledge. Differences found in the formula­
tion, notation and application of various engineer­
ing sciences are usually confusing to the student 
though actual behavior is independent of our de­
scription. A chemical engineering instructor can 
translate the commonly used formulations to 
familiar terms and bridge these concepts to the 

Though a materials science department 
is well qualified to present such a course, 

the authors believe certain advantages exist 
in presenting the course within the chemical 

engineering department to isolated 
chemical engineering seniors. 

students' basic background. For example, the 
concept of the Fermi energy of electrons would be 
foreign to most chemical engineering students, 
while the "chemical potential" of electrons has 
more meaning. In addition, an understanding of 
materials problems found in industry are not 
easily divorced from knowledge of the chemical 
process involved. The junior author had the op­
portunity to investigate the continued failure of 
trays in a palm oil distillation column. Without 
knowledge of the distillation process, the problem 
could not have been solved efficiently. Only chemi­
cal engineers can quickly appreciate the nature of 
such relations. We find that other, more subtle, 
benefits are also realized. Established student-in­
structor familiarity and commonality of objec­
tives, direct departmental control over content, in-
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tensity and scheduling, more accurate assessment 
of class background and ability are all found. It 
can be argued that there should be student inter­
action with other engineering departments, but we 
feel there are more merits to an internal course. 
We do invite several guest lectures from other de­
partments to augment our presentations. 

COURSE CONTENT AND STYLE 

THE SENIOR LEVEL MATERIALS course currently 
offered by the Department of Chemical Engi­

neering at the University of Florida constitutes 
three lectures and one recitation section per week 
for three units of credit. Listed in Table 1 is a 
summary of most of the topics which have been 

TABLE 1 

Summary of Lecture Topics 

CHEMISTRY AND PHYSICS OF SOLID MATERIALS 
Bonding 
Structure and Packing 
Microstructure and Processing 
Point, Line and Interfacial Defects 
Atomic Probes 
Molecular Engineering 

RESPONSE OF SOLIDS TO ELECTRICAL FIELDS 
Conductivity, Semiconductivity, and Super Conductivity 
Dielectrics 

RESPONSE OF SOLIDS TO MAGNETIC FIELDS 
Dia-, Ferro-, and Paramagnetic Materials 

RESPONSE OF SOLIDS TO ELECTROMAGNETIC 
RADIATION 
Optical Properties 
Radiation Damage 

RESPONSE OF SOLIDS TO TEMPERATURE 
Thermal Properties 

RESPONSE OF SOLIDS TO SURF ACE FORCES 
Surface and Interfacial Phenomena 

RESPONSE OF SOLIDS TO MECHANICAL FORCE 
Mechanical Tests and Elastic Properties 
Plasticity and Flow 
Strength and Fracture 

RESPONSE OF SOLIDS TO CHEMICAL FORCES 
Chemical Gradients 
Nucleation and Crystallization 
Interaction with Reactive Materials 
Transformations 
Phase Diagrams and Processing 
Electrochemistry and Corrosion Control 

SELECTED TOPICS 
Ceramics and Glasses 
Composites 
BioiogicalMolecules and Materials 
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presented in the lectures over the years. The in­
augural two weeks supplement and review the 
student's understanding of the relevant chemistry 
and physics. Included is a review of quantum me­
chanics and chemical bonding, intermolecular 
forces, polymer synthesis and chain conformation, 
and melting phenomena. These topics have all 
been introduced to the student in previous courses, 
but, as usual, reminders are valuable. Then we 
introduce supplemental solid state physics and 
chemistry topics such as crystallography, defect 
structure, microstructure, nucleation and growth, 
all of which are natural extensions of the chemi­
cal engineer's background. For example, the 
chemistry of imperfections is easily understood 
when point defects are treated as chemical species, 
allowing the student to apply understood chemical 
kinetic and thermodynamic concepts. The re­
mainder of the course is organized to address 
many questions of the "what?, how? and because" 
format. First, the question of what does a ma­
terial do under various forces is posed. The 
primary forces approached are mechanical, electri­
cal, chemical and thermal, while secondary empha­
sis is given to magnetic, optical and surface 
properties. In presenting the material, exact cal­
culation of numbers and listing of comprehensive 
property values is not stressed as this is not funda­
mental information which is likely to be applicable 
to materials of twenty years in the future. The 
students need little more experience with calcula­
tions, and reference/ textbooks serve this purpose 
well in any case. The utilization of the facts are 
only illustrations of the general response of ma­
terials. The type of information discussed is order 
of magnitude and direction, and a classification of 
materials is used which depends on the relative 
magnitude of response. We want to generate an 
overview of the range of material properties so 
the student can compare all materials and place 
their potential applications in perspective. 

Having established the general behavior of 
materials to environmental stresses, attention is 
turned to examining how it is that different classes 
and samples respond differently to this stress. 
The behavior is explained in terms of molecular 
and atomic forces, structural arrangement of the 
atoms and molecules, and, where appropriate, 
microstructure. Very little emphasis is placed on 
detailed mathematical calculations and use of 
only simple models is made to describe primary 
effects. Such an approach is intended to allow the 
student to formulate a coherent view of solid state 
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behavior that is comfortable for the student and 
to cultivate engineering judgment about the sig­
nificance of various effects. For example, in dis­
cussing transition temperatures in solids the lec­
ture shows the various types of transitions (struc­
tural) rearrangements in the solid, melting, sub­
limation, glass transition, etc.) and associated phe­
nomena (i.e., hysteresis, supercooling, limited 
rates) . We discuss the influence of strength and 
angle dependence of attractive interparticle 
forces, size and packing (repulsive forces), 
flexibility of molecules on equilibrium and kinetic 
phenomena. This is correlated with the observed 
behavior in the different classes of materials 
(metals, ionic crystals, simple organics, polymers, 
etc.) which are covered in some detail. The effect 
of chemical composition upon the glass, melting 
or decomposition temperature of polymers, for 
example, was treated according to the 5 broad 
classes of molecular arrangement. For polymers 
that contain chains with perfectly repeating units 
and are characterized by their ability to crystal­
lize, order of magnitude and ranges of transition 
temperatures are presented along with the rela­
tionships between the temperatures (e.g., Tg/Tm 
,--..., .5-.67) . Next, a discussion of the reason for a 
high or low transition temperature is presented 
(chain stiffness e.g., polyethers vs alkyls; strength 
of intermolecular forces, e.g., polyamides vs 
alkyls, etc.) Similar treatment is given to the re­
maining 4 classes of polymers. 

INTERACTION WITH STUDENTS 

I LLUSTRATIVE EXAMPLES familiar to the student 
are used to reinforce the concepts. Besides the 

usual diagrams and lists, in-class demonstrations 
and samples are used in as many cases as possible. 
The demonstrations include molecular and glued 
ping-pong ball models for structures, stretched 
and fractured tensile samples with actual data, 
the "nylon-pulling" experiment for synthesis, an 
operating solar cell for radiation effects, a geode 
and mining and cave minerals for solidification 
and wetting phenomena, corroded pipes for treat­
ment of corrosion, etc., and many plastic, metal 
and ceramic items found in the home that students 
touch, bounce, pull, and rearrange. 

They have been sufficiently "turned on" that 
they bring new ones back from trips and vaca­
tions. The familiar examples and demonstrations 
vary the pace and promote student interest and 
retention in the lectures. 
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The most intense interaction involves recita­
tion sections. The class is divided into small groups 
(10 to 15) for weekly meetings. The overwhelm­
ing majority of time is spent in an instructor 
question-student answer session. The instructor, 
having a prepared list of questions directs a 
question to, an individual student with the response 
being graded. A typical list of questions that would 
accompany the previous lecture example of transi­
tion temperature is given in Table 2. Samples are 

TABLE 2 

Typical Recitation Questions Concerning Transition 
Temperatures in M aterials 

1. Why do we iron clothes with steam? 
2. Estimate the glass and melting transition temperatures 

of polyethylene terephthalate. (Give structure). 
3. Explain the following behavior. 

300>- ~ 

~ ~ - polyureas 
~ - 001 tamicies 

l 00 --- ~::~.::::::::::::.=:~ ~gh~rn~~gne 
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1 

- polyesters 

14 36 

Number of Chain Atoms in Repeating Unit 

4. Is a silicon or carbon based polymer a better heat re­
sistant material? 

5. Why is nylon so sensitive to water? 
6. Describe the variation of the melting and glass temper­

ature as ethylene terephthalate is added to polyethy­
lene adipate. Give structures. 

7. Explain the following table. 

Dipole Bojling 
Substance M.W. Moment Point, ° C 

n-pentane 72 0 36 
ethyl ether 74 1.18 35 
n-butyl alcohol 74 1.63 118 
n-butyl aldehyde 72 2.72 76 

8. Which would you expect to have a higher melting 
temperature: n -butane or isobutane? Why? 

9. Explain the following graph. 

t 
Boiling 
Point 

\20 >e 
~e 

M.W. -

10. Why does n-octane . melt at -57°C and tetramethyl 
butane at 100°C? 

11. Explain why TiC melts at 3410°K. 
12. If a drop of water is immersed in an immiscible oil, 

the water can remain as a liquid at a temperature well 
below 0°C. Explain. 
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The demonstrations include molecular and glued ping-pong ball models for structures, stretched 
and fractured tensile samples with actual data, the "nylon-pulling" experiment for synthesis, an operating 
solar cell for radiation effects, a geode and mining and cave minerals for solidification and wetting phenomena, 
corroded pipes for treatment of corrosion, etc., and many plastic, metal and ceramic items ... 

also used when appropriate. The questions are 
designed to require the student to apply and extend 
the previous lecture material. Student feedback 
on the success of these sessions indicated this was 
the most positive aspect of the course. The success 
and viability of such a format can be attributed to 
several factors. We find the students are generally 
motivated to be prepared for recitation by both 
the grading policy and the "embarrassment" 
factor if they were unable to answer. In addition, 
the small size, informal nature and specific 
questioning bring out contributions from all 
present. The curiosity of the student is easily 
awakened by the succession of discussion which 
follows. In a typical case, the student addressed 
produces at best a partially correct solution. The 
instructor can then rephrase the question so as to 
lead that student, or others, to a solution, examine 
the defects of the response or open the original 
question to the entire class. Such dialogue often 
occupies 5-10 minutes per question and in many 
instances generates new questions from the 
students for the instructor to guide the class 
to the answer. In addition to significant practice 

TABLE 3 

Textbooks and Supplemental Reading Used in 
Past Courses 

J. Wulff, et al., "Structure and Properties of Materials," 
Wiley, N.Y. Vol. I, II, III, IV (1965) . 

M. Kaufman, "Giant Molecules," Doubleday, Garden City 
(1968). 

T. Alfrey and E. F. Gurnee, "Organic Polymers," Prentice 
Hall, 1967. 

K. L. Watson, "Materials in Chemical Perspective," 
Halsted, New York (1975). 

N. B. Hannay, "Solid State Chemistry," Prentice Hall, 
Englewood Cliffs (1967). 

ARC Westwood, "Surface Sensitive Mechanical Properties," 
Ind. Eng. Chern. 56(9), 15 (1964). 

A. X. Schmidt and C. A. Marlies, "Principles of High­
Polymer Theory and Practice," McGraw-Hill (1948). 

F. W. Billmeyer, "Molecular Structure and Polymer Proper­
ties," J. Paint Tech., 41, 3(1969). 

K. Kammermeyer, "Biomaterials," Chem. Tech., 719 (1971). 
L. L. Hench, "Structure and Properties of Glass-Ceramics," 

Univ. of Fla. Technical Paper Series, #377, 21 (6), 
2(1967). 

A. S. Grove, "Mass Transfer in Semiconductor Tech­
nology," Ind. Eng. Chem., 58 (7), 49 (1966). 
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in oral expression by the students, the extempo­
raneous format of the recitation provides the in­
structor with subtle, but valuable, feedback about 
the success of the lectures and a gauge on the 
learning processes of the students. Student evalua­
tions show that this is the most positive aspect of 
the course. However, it might not be possible for 
all instructors or all situations. 

Home problems are assigned weekly, graded 
and kept at a minimal amount. In general they 
reflect the philosophy of the course in stressing 
qualitative understanding and elucidation of 
concepts. Examinations generally number two 
midterms and a final. Again, they are always 
phrased in a fashion which requires essay type 
answers to questions as : Here's a common obser­
vation-how come'? What would another sample 
do? How would you cause a different effect? How 
would you make a specimen with given proper­
ties? Thus homework and exams are not a re­
gurgitation of material or "find the number" type 
but require the student to be creative and com­
municative with the tools recently acquired. We 
believe such practice in written expression to be 
important for seniors though it admittedly re­
quires more time from the teacher in developing 
and grading. 

Also required in the course is a term paper 
covering a topic chosen by the student. Tutorially­
oriented initial references from Science, Scientific 
American, Annual Reviews, etc., are offered to 
the student in over one hundred topics. The paper 
should be about five pages and should stress effec­
tive communication of understanding for the 
chosen topic. Since it is impossible to cover the 
entire spectrum of materials science (an entire 
curriculum in itself) in a single course, the term 
paper presents an opportunity for the student to 
apply the concepts learned and to seek and com­
prehend a more detailed analysis of a particular 
topic. This reinforces the utility of the course as 
well as requiring practice in library use and 
concise expression. Again, instructor time is re­
quired for appropriate feedback to the students. 

One continuing problem of the course has 
been finding a textbook that presents a consistent 

Continued on page 148. 
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UCAN II 
Continued from page 141 

of the shortest timing sequence related to the 
safe maximum liquid level in the tank. It was pre­
pared from an extensive series of UCAN-II runs 
in which the lag times for engaging pumps 2 and 
3 were varied in systematic fashion. 

SUMMARY 

LEARNING TO USE A block-oriented simulation 
language such as UCAN-II may be achieved 

with practice and a brief initial period of instruc­
tion, supplemented by studying the USER'S 
GUIDE. Often students can begin solving problems 
of reasonable mathematical complexity the first 
day they encounter UCAN-II. In many ways 
UCAN-II is as easy to learn and use as a pocket 
ealculator; only limited previous computer 
knowledge is necessary. Beyond the material in 
the manual, the user need only learn how to key­

•· punch cards and submit his program, or how to use 
a remote terminal, and how to access the UCAN­
II program. 

Through computer simulation of basic mathe­
matical models the sophomore or pre-junior 
student can learn to visualize the dynamic be­
havior of process equipment even before being 
taught the analytical solution of equations relating 
to the equipment. In introductory stoichiometry 
courses typical problems demonstrate the con­
servation of mass and energy, usually under 
steady-state conditions. These principles must be 
taught thoroughly as they form the basis of chemi­
cal engineering, but with a tool such as UCAN-II 
problems involving dynamic behavior may also be 
taught, and the approach to mass and, energy 
balances can now be more reflective of "real­
world" situations. Even before secondary level 
courses, such as process control, a student can gain 

· an appreciation of the optimization and control 
aspects of process equipment. • 
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picture with ours. As a result, several textbooks 
have been experimented with and they have been 
generously supplemented with outside reading 
(see Table 3). We have come to believe there is 
educational value in requiring that the student 
consult multiple sources for information. Students 
often considered the quantity of reading too ex­
tensive, but they usually adapted to reading at the 
proper level and became efficient. 

CONCLUSION 

IN RETROSPECT, WE BELIEVE the students have 
found this course to be a valuable integrative 

experience. While quite challenging, they can 
easily discern their own growth in understanding 
of the world around them and in effectively com­
municating the most important aspects of a situa­
tion. We think the success of the course can be 
principally attributed to the efficient coverage of 
considerable material at a professional level 
through use of the unique background of the 
chemical engineer and significant teacher/student 
interaction in oral and written considerations 
about real world phenomena and relationships. • 

CHEMICAL ENGINEERING EDUCATION 


