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P OLYMER EDUCATION AND research is gradually
becoming a part of every major university in
the country. At least some type of survey course
in polymers is presented, and occasionally
additional specific courses are offered, e.g. polymer
processing, polymer synthesis, etc. Where more
developed polymer programs are found, they are
usually isolated in specific departments; the most
common being chemistry, chemical engineering
or materials engineering. A few universities have
progressed to the point where separate polymer
science departments now exist.

At VPI&SU a unique interdisciplinary
polymer program (referred to as the Polymer
Materials and Interfaces Laboratory [PMIL]) has
evolved over the last five years and involves 11
faculty from five departments and some 70 gradu-
ate students and post-doctoral associates. The
uniqueness of the program rests in the fact that
it is truly interdisciplinary, with faculty cooperat-
ing in research and teaching activities. While
other interdiscplinary groups or programs exist
in the country, they often do not function smoothly
due to interdepartmental or inter-college barriers.
At Virginia Tech these barriers do not exist.
Furthermore, the operation of this interdisciplin-
ary effort has joint Co-Directors, with one in the
College of Arts and Sciences and the other housed

Polymeric fluids require not only the

application of a shear stress to maintain shear flow
but additional normal stresses. The normal stress
differences exhibited by macromolecular fluids

in shear flow are more sensitive to changes

in molecular structure than is viscosity.
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FIGURE 1. Schematic drawing of the Interdisciplinary
Polymer Science Program (The Polymer
Materials and Interfaces Laboratory—PMIL)
at Virginia Tech.

in the College of Engineering (see Fig. 1). This
minimizes any political biases and at the same
time provides smoother operation in both edu-
cation and research. One example of cooperative
research is a project entitled “High Performance
Elastomers and Other Multiphase Organic Com-
posites” where five faculty from the departments
of chemical engineering, materials engineering,
and chemistry combine their expertise in polymer
synthesis, characterization, rheology and process-
ing, and structure/property relationships to pro-
vide a complete understanding of novel elastomeric
polymer systems. A second and similar example
of the strong cooperative research is the newly
established “Adhesion Center” where the princi-
pal aim is an understanding of the fundamentals
of polymer adhesion. This center, which has ac-
quired major outside funding from the Office of
Naval Research, was established through the co-
operation of four faculty members of PMIL who
are housed in three different departments.

From an educational viewpoint, a chemical
engineering student who is interested in pursuing
polymer research is expected to obtain a basic level
of proficiency in polymer synthesis and physical
chemistry of high polymers while developing an
expertise in either polymer processing or
structure/property relationships. The remainder
of this article focuses on the educational offerings
in polymers within the Chemical Engineering De-
partment at Virginia Tech.
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RESEARCH ACTIVITIES

Polymer research in the department is carried
out under the direction of either Professor Baird
or Professor Wilkes. The general theme of Pro-
fessor Baird’s research is the application of
rheology to polymer and biopolymer processing,
while that of Professor Wilkes is directed toward
the structure/property relationships in these same
or related polymer systems. Although each has his
own research interests, the cooperative aspects
of the polymer group extends strongly into the
program. (David Dwight, who is also a part of
PMIL, holds a partial appointment in Chemical
Engineering but contributes principally to the
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Department of Materials Engineering; conse-
quently, his interests in polymer adhesion and
surface analysis will not be highlighted here.)

A contrast of Virginia Tech’s efforts in
polymer rheology with others shows that some
groups approach non-Newtonian fluid flow be-
havior only from a theoretical viewpoint ; they are
often principally concerned with developing equa-
tions of state to describe the flow behavior of visco-
elastic fluids. Our efforts, however, are directed
more toward the application of rheology for solv-
ing polymer processing problems, employing
molecular as well as continuum viewpoints. This
approach sometimes involves merely finding em-
pirical correlations between certain rheological
properties and polymer processability. On the
other hand, it may also involve using an existing
constitutive equation in conjunction with molecu-
lar theory to model a polymer process. Since we
study many fluids which are even more complex
than common polymeric melts and solutions (two
examples being liquid crystals and filled polymer
systems), we are also concerned with the develop-
ment of rheological equations of state for these
fluids. However, we tend to be motivated by a
need for developing models which are useful for
process calculations, as opposed to developing a
model which is so mathematically complex that
it is of little practical value for calculations and
process design even though it may accurately de-
scribe rheological properties of polymeric fluids
over a large range of conditions.

The following description of several of our
ongoing research programs illustrates the type of
research which is carried out and emphasizes the
cooperative nature of the research. The first
examples extend from the work of Professor
Baird. Polymeric fluids require not only the ap-
plication of a shear stress to maintain shear flow,
but additional normal stresses. The normal stress
differences exhibited by macromolecular fluids in
shear flow are more sensitive to changes in molecu-
lar structure than is viscosity. We are presently
investigating two methods (hole pressure and exit
pressure) for measuring normal stresses which
are related to fluid elasticity in a slit-die, using a
technique called flow birefringence. These slit-die
rheometers have potential for in-line monitoring
and quality control of industrial polymer pro-
cesses. Because flowing polymer fluids become
anisotropic, they can transmit polarized light.
The birefringent patterns which arise are directly
related to the state of stress or momentum trans-
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Our efforts . . . are directed toward

the application of rheology for solving polymer
processing problems, employing molecular

as well as continuum viewpoints.

port at every point in the fluid. From the stress
field various pressures related to fluid elasticity
can be calculated from theory and compared to
the directly measured values.

Another project involves the rheology and in-
jection molding of filled polymers. Our first ob-
jective has been to determine what effect filler
has on the non-linear rheological properties of
polymer fluids. The second goal has been to deter-
mine whether the rheological properties can be
described by constitutive models used for homo-
geneous polymer fluids. We are presently investi-
gating the possibility of using dimensional analysis
to draw correlations between rheological proper-
ties, thermodynamic properties, and the final bulk
physical properties which arise as a result of pro-
cess conditions. A particular processing problem
of interest is weld-line formation. This study re-
quires an additional investigation of the structure
and related properties at the interface between the
two polymer fronts.

To illustrate the diversity of our efforts in
rheology, we are also involved with the modeling
of soy flour dough extrusion cooking processes
which lead to meat-like products( these systems,
of course, are polymeric in nature). This project
involves an initial understanding of the transport
mechanism for soy dough in an extruder, de-
termining the properties of the dough under pro-
cess conditions and developing a mathematical
model for predicting relationships between power,
torque, temperature and output for various ex-
truder designs. This work will eventually be ex-
tended to predicting final extrudate texture and
properties which will require an understanding
of the structure property behavior of the final
solid and how these relationships depend on pro-
cessing. These latter points are addressed more
by the efforts of Professor Wilkes. This particular
project involves all the concepts of momentum,
heat and mass transfer plus rheology, thermo-
dynamics, Kkinetics, and structure/property re-
lationships.

A last example of rheological studies is our
research on liquid crystalline polymers, which in-
volves rheology, processing and bulk structure and
properties investigations. Liquid crystals are an

176

intermediate state of matter between the isotropic
liquid and crystalline solid state. Polymeric ma-
terials in the liquid crystalline state under shear
generally have extremely low viscosity and can
usually be processed to give bulk specimens with
physical properties approaching those of metals.
Because liquid crystals are by nature anisotropic
they may have unique rheological properties. We
are presently studying their flow behavior in
order to identify any unique flow properties which
may require a different rheological equation of
state than is used for isotropic fluids. Further-
more, after processing these polymers behave as if
they are self-reinforcing. Our present investiga-
tion concerns the effects of injection molding
conditions on the development of morphology,
structure, and properties. The latter part of the
research is carried out under the supervision of
Professor Wilkes.

Some of the other projects that are focused
more on the structure-property behavior of
polymeric solids include such phenomena as
crystallization of polymers, synthesis and proper-
ties of ionic elastomers as well as block and seg-
mented copolymers, nonequilibrium behavior of
network glasses and rubber modifications thereof
and, finally, polymer compatability studies. In
general, these studies, directed by Professor
Wilkes, utilize a molecular approach with empha-
sis on experimental work. Typically, a student’s
graduate research project often involves at least
two, and sometimes three, areas in order to es-
tablish a broader educational foundation in
polymer science from which to work after leaving
the university level. Several of these projects, as
indicated earlier, overlap with those of Professor
Baird where the input of processing and rheology
help to provide insight into the nature of the final
bulk properties that are studied.

EDUCATIONAL OPPORTUNITIES

Table 1 lists the polymer courses that are
taught at Virginia Tech, some of which are given
within the Department of Chemical Engineering.
We will now address the various polymer science
educational opportunities in chemical engineering
both at the undergraduate and the graduate level.

Undergraduate Courses

At the undergraduate level, chemical engineer-
ing students may take as many as five courses in
the area of polymer science (see Table 1). Two of
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these courses are taught within the Department
of Chemical Engineering while three extend from
the Department of Chemistry and Materials Engi-
neering. The latter three courses (which we will
not address in detail) focus on (a) polymer
synthesis, (b) polymer surface chemistry, and (c)
applications of polymeric materials. In our own
department the two principal courses at the under-
graduate level are “Introduction to Polymer Pro-
cessing” and “Introduction to Polymer Materials.”
In the case of the processing course, students are
introduced to the concepts of non-Newtonian
fluid mechanies which serves as a basis for teach-
ing extruder design, die design, and a qualitative
description of processes such as film blowing and
injection molding. The importance of processing
on final structure and properties is also empha-
sized. However the general theme in the Intro-
duction to Polymer Materials course is to focus
principally on the bulk properties of polymeric
systems as found in the glassy, rubbery and semi-
crystalline states. The first part of this course also
includes an introduction to polymer synthesis for
those students who have not acquired this back-
ground through the polymer synthesis course
given in chemistry. It also focuses some attention
on the area of polymer characterization in order to
provide an appreciation of the importance of
molecular weight and molecular weight distribu-
tion effects. While undergraduate students often

TABLE 1
Polymer Science and Engineering Courses at
Virginia Tech

DEPT. INTRODUCTORY COURSES
ChE Introduction to Polymer Materials
ChE Introduction to Polymer Processing
ChE Organic Chemistry of High Polymers
Chem Polymer and Surface Chemistry
MatE Applications of Polymeric Materials

ADVANCED COURSES
ChE Polymer Structure & Morphology
ChE Rheo-optics of Polymers
ChE Technology of Elastomers
ChE Polymer Processing
ChE Advanced Applied Rheology
Chem Current Topics in Polymer Synthesis
Chem Physical Chemistry of High Polymers
ChE/ESM Introduction to Non-Newtonian Fluid

Mechanics

ESM Viscoelasticity
MatE Modern Composite Materials
MatE Surface and Microphase Analysis
MatE Adhesion and Bonding
ME Lubrication
ME Friction and Wear
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do not take all of the polymer courses mentioned
above, many often graduate with at least two of
them.

Graduate Level

With respect to courses focusing on rheology,
prior to the students taking the advanced rhe-
ology course they take non-Newtonian fluid
mechanics, which prepares them for advanced
polymer processing topics such as the modeling

With respect to courses focusing
on rheology, prior to the students taking the
advanced rhyology course they take non-Newtonian
fluid mechanics, which prepares them for

advanced polymer processing topics . .

of film blowing processes, blow molding and injec-
tion molding. The latter advanced course is offered
for students interested in molecular theories
of rheology. Three additional courses emphasizing
the structure/property behavior of polymeric
solids are taught. The first, called Polymer Struec-
ture and Morphology, focuses on the area of
rubbery elasticity behavior as well as the crystal-
lization of polymers. The second course, Rheo-
optics of Polymers, discusses the use of electro-
magnetic techniques for the purpose of charac-
terizing polymeric materials. Examples of such
techniques are light scattering, X-ray diffraction,
birefringence and linear dichroism. The third
course, Technology of Elastomers, is jointly taught
by Professor Wilkes of Chemical Engineering and
James McGrath of the Department of Chemistry.
This course brings together both the chemistry of
elastomers and some of their performance charac-
teristics, but carries a stronger industrial flavor
than most of the other polymer courses.

SOURCES OF RESEARCH SUPPORT

Support for our research comes from both in-
dustry and governmental agencies. Most support
is for specific research projects. However, contri-
butions of unrestricted funds are also made
through PMIL (The Polymer Materials and Inter-
faces Laboratory) and represents many
companies. This diversified funding illustrates
our ability to carry out research at both the very
fundamental level and the applied level in the field
of polymer science. This has important ramifica-
tions as far as our students are concerned since
it demonstrates that both types of research are

Continued on page 180.
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TABLE 2

Articles Assigned for Outside Reading and Evaluation

1. Witcoff, H., “How It’s Really Done,” CHEMTECH,
December 1977, p. 753 CHEMTECH, April 1978, p. 229.

2. Riggs, W. M., and Beimer, R. G., “How ESCA Pays Its
Way” CHEMTECH, November 1975, p. 652.

3. Kearns, J. D., Milks, D., and Kamm, G. R., “Develop-
ment of Scaling Methods for a Crude Oil Cracking
Reactor Using Short Duration Test Techniques,”
paper presented to the Division of Petroleum Chemis-
try, 175th National Meeting of the American Chemi-
cal Society, Anaheim (1978).

4. Hall, James W., and Rase, Howard F., “Relation Be-
tween Dislocation Density and Catalytic Activity and
Effects of Physical Treatment” I and EC Funda-
mentals, 3, 158 (1964).

5. Johnson, O., “Classification of Metal Catalysts Based
on Surface d-Electrons,” J. Catal., 28, 503 (1973).

6. Callahan, J. L., Grasselli, Robert K., Milberger, E. C.,
and Strecker, H. Arthur, “Oxidation and Ammoxidation
of Propylene Over Bismuth Molybdate Catalyst,” I and
EC Prod. Res. Rev., 9, 134 (1970).

satisfactory metal oxide replacement for platinum
in the oxidation of unburned hydrocarbons in auto-
mobile exhaust.

Student evaluation of this course has been
favorable, and their comments indicate that the
excitement of catalyst research is “catching.” The
limitations of current chemical theories are evi-
dent in trying to understand many -catalysts.
Playing a “hunch,” or serendipity, often lead to
valuable catalysts and also to new chemistry for
the theorist to interpret. O
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compatible. In summary, our objective is to pro-
vide the student with an understanding of molecu-
lar and continuum approaches and an under-
standing of the behavior of polymeric systems. We
try to emphasize the need of understanding both
the chemistry of these macromolecular systems
and their engineering properties.

All students receive a similar background in
coursework. Along with the courses mentioned
above, 11 other polymer courses (including such
topics as polymer synthesis, physical chemistry of
polymers and surface analysis) are available in
the four other departments participating in the
interdisciplinary group. Because of the large
number of graduate students now in our program,
even the advanced courses are offered on a routine
basis.

As a final note concerning educational aspects
extending from chemical engineering in the
polymer science area, we might point out that
there are several industrially oriented polymer
short courses offered at Virginia Tech each year.
These courses are taught jointly through the
polymer oriented chemical engineering faculty as
well as other faculty members of the PMIL group.
In short, we now offer the most extensive
continuing education program in polymer science
through a short course format than any other uni-
versity in the nation.

SUMMARY

In this article we have attempted to outline
the new growth in the polymer area at Virginia
Tech, with emphasis being placed on the role of
the Department of Chemical Engineering. The
overall polymer science effort, as indicated, extends
beyond a single department, encompassing five
departments across two colleges. The growth of
this program has been enormous in the last three
years as a result of cooperative efforts of a truly
interdisciplinary nature. The overall program,
part of which is focused in chemical engineering,
has become a highlight of the Virginia Tech
campus and one which we anticipate will become
even stronger in the future. It has achieved con-
siderable outside funding and has developed
modern research facilities necessary for gradu-
ate research. Inquiries concerning information
about Chemical Engineering and the Polymer
Materials and Interfaces Laboratory can be di-
rected to either of the authors of this article. O
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