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Summary

The aim of this overview is to outline and summarize the comprehensive information on
“Rheology” contained in the remaining 23 chapters on this subject which make up the
contents of this Encyclopedia. To facilitate the task, we have chosen to divide the
chapters into five main areas, namely, basic concepts of rheology; rheometry;
rheological materials, rheological processes and theoretical rheology. Of course, many
of the chapters contain material from more than one general area. This to be expected
and supports the view that rheology is an interdisciplinary subject which embraces
many aspects of mathematics, physics, chemistry, engineering and biology.

All the sub-areas mentioned above are described in this overview. Furthermore, for
obvious reasons, the collection of chapters begins with one on “The History of
Rheology”, written by one of the authors of this general introduction (K. Walters)

1. What is Rheology?
“Rheology” is not a subject which is on everybody’s lips! Indeed, some well known
dictionaries do not even include a definition of the term. So, for example, the small

Collins Gem Dictionary is quite happy to inform its readers that a “rhea” is a “three-
toed South American ostrich”, whilst at the same time offering no definition for
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“rheology”! Why is that so? Is it because rheology is a relatively recent science, which
only came into prominence in the second half of the 20" Century? Is it because
rheology is a truly interdisciplinary science and, as a result, does not fit easily into any
of the established scientific disciplines?

It is probably a combination of these and related factors, but there are some encouraging
signs that the subject is being taken seriously by the publishers of modern dictionaries.
For example, the Concise Oxford Dictionary defines rheology as the “study of flow and
deformation of matter”.

Having said that, there are some disturbing signs that the message is still not receiving
universal acceptance. So, for example, some respectable computer “spell checks” (like
the one we are currently using to type this text within a “Microsoft Word” framework)
alert users to a “spelling error” when the term rheology is included in the text.
Interestingly, the “spelling and grammar” facility suggests that “rheology” must be a
misprint for “theology”.

There may be some excuse for this conclusion, since on the conventional QWERTY
keyboard, the letter “r” and the letter “t” are next to each other. What is clear is that
over-zealous proof readers in the publication business have often come to the
conclusion that rheology must be a misprint for theology, with an obvious consequence
— “theology” is spread liberally throughout the rheological literature with a frequency
which is most definitely outside any acceptable criterion of randomness!

We suggest that this preamble provides ample evidence that the current book is very
timely! However, we need to address the subject in hand.

The term “rheology” was invented by Professor Eugene Bingham of Lafayette College
in Easton, Pennsylvania on the advice of a colleague, the Professor of Classics. It was
meant to mean “the study of the deformation and flow of matter”, which is of course
consistent with the dictionary definition given above.

This definition was accepted when the (American) Society of Rheology was founded in
Washington DC in 1929. That first meeting contained papers on the properties and
behavior of such widely differing materials as asphalt, lubricants, paints, plastics and
rubber, which gives some idea of the scope of the subject and also the numerous
scientific disciplines that are likely to be involved. Nowadays, the scope is even wider
with Biorheology (the study of body fluids) and the incredible growth in the synthetic
fiber and plastics industries. There are now thriving national Societies of Rheology in
many countries, divided into three major groupings, namely Europe, the Americas, and
the so-called Pacific Rim. In many ways, rheology has come of age!

In this book, various experts will elaborate on what rheology is all about and how it
differs from classical continuum mechanics, i.e. solid and fluid mechanics — subjects
associated with the names of Hooke, Newton, Navier and Stokes.

Notice that we have already referred to solids and liquids, without defining what we
mean by these terms. We assume that, when we refer to a solid or a liquid, the reader
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will know exactly what we mean. If asked for definitions, we would probably get a
variety of answers, but they would all contain the same basic ideas. A liquid is a
material that flows under its own weight; it finds its own level when placed in a beaker.
A solid is a material that suffers from “homesickness”, once stresses are removed, it has
a strong desire to return to its original configuration. When a solid is dropped on the
floor, it bounces; it has elastic properties.

These would be acceptable answers and most people would not expect any ambiguity to
arise from the respective definitions. This is however a gross over-simplification of
what is a complex situation.

To emphasize the point, we ask the reader to consider the popular material known as
Silicone, which is sometimes used for packing electronic equipment, which is used in
physiotherapy, and which is often sold as a childrens’ toy.

On the basis of popular definitions of solid-like and liquid-like behavior, the silicone is
a liquid, although usually a very viscous one. It will find its own level when placed in a
container, given sufficient time, i.e. it flows! But this is not the whole story, because the
silicone is often nicknamed “Bouncing Putty”. 'In its capacity as a children’s toy, it is
sometimes sold as “the real solid liquid” and this does not violate any Trades
Description Act! For interest, we show in Figure 1 the publicity material for a similar
product called Wonder putty, which clearly has some of features referred to above.
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Figure 1. Publicity material supplied with the Wonder putty children’s toy product.

It is not difficult to argue that a material like silicone is a liquid, but one which
possesses some of the properties we usually associate with solids. Rheologists call it an
elastico-viscous liquid or simply an elastic liquid. The most common examples of
elastic liquids are the polymer solutions and melts used in the synthetic fiber and
plastics industries, liquid detergents, multigrade oils, and many “body fluids”, but this
list is by no means complete. Little wonder then that there is a general belief amongst
rheologists that their science should be better known by non-experts than it is!

At this point it is informative for us to give further consideration to some of the simple
tests that can be carried out on the silicone material we discussed above. So, in a slow
flow process, the material behaves like a liquid — it finds its own level in a container.
When it is extended slowly, it shows ductile fracture, which is a liquid characteristic.
However, when the silicone is extended on a shorter time scale, it exhibits brittle
fracture, which is a solid characteristic. Under the severe and sudden deformation
experienced as the material strikes the ground, it bounces, which is again a solid
characteristic.

So, a given material can behave as a solid or a liquid depending on the time scale of the
deformation process.
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In this connection, Marcus Reiner, who was one of the organizers of the original 1929
meeting in Washington DC, introduced the helpful concept of the Deborah number.
This he based on an Old Testament scripture from the Book of Judges, Chapter 5, verse
5, where Reiner said the text should read “The mountains flow before the Lord”. The
idea is that “everything flows if you wait long enough”.

On the basis of the Bible reference, Reiner defined the so-called Deborah number, De,
through the equation:

De=\/T (1)

where T is a characteristic time of the deformation process and A is a characteristic time
of the material. The symbol A can be viewed as a “measure of the material’s memory”.
This would be infinite for a perfectly elastic solid and zero for a purely-viscous
(Newtonian) liquid. In fact, for water A is typically quoted in the 10™ seconds range.
For many lubricating oils, 4 is of the order of 10 seconds, and for the polymer melts
used in the plastics industries, the characteristic times can be as high as a few seconds.

High Deborah numbers correspond to solid-like behavior and low Deborah numbers to
liquid-like behavior. A material can appear solid-like either because it is, i.e. it has an
infinite characteristic time, or because the deformation process that is in use is very fast.
One obvious consequence of this is that even mobile liquid systems with very low
characteristic times can behave like elastic solids when exposed to a very-fast
deformation process.

As we shall see in later chapters, the Deborah-number concept has significant utility in
many rheological studies, especially since it highlights the fact that it is not only the
relaxation time A which determines material behavior, but also the time scale of the
deformation process.

In the foregoing discussion, we have argued that there are liquids that possess solid-like
characteristics. What needs to be stressed at this point is that there are also solid-like
materials that will flow for a time. Such materials are invariably called viscoelastic
solids.

Interestingly, it seems that the rheological term viscoelasticity is slowly entering into

every-day usage and we show in Figure 2 a recent “Pillow menu” provided by a Spanish
hotel.
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Maxima adaptabilidad
Maximum adaptability

Suave y ligera
Smooth and light

Maxima adaptacién, maxima transpiracion
Highly flexible, elastic and transpirable

Figure 2. The “Carta de almohadas” taken from the bedroom of a Spanish hotel.

To complete this particular part of the story, it is important to refer to two further issues
and material types. The first concerns an important sub-class of materials that appear
solid-like under small stresses and liquid-like above some critical value called the yield
stress. These are invariably called plastic materials.

The second sub-set of materials we need to reference can be loosely classified as “time-
dependent”. Such materials can be conveniently introduced in the following way:

In addition to the change in material properties that can be brought about by changes in
the time-scale of a deformation process and by the strength of that process, there are
also changes which can be brought about in some materials by simply waiting long
enough! The stirring of some materials at a constant rate can result in a substantial
lowering of the viscosity, with a gradual return to the initial viscosity when the stirring
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is stopped. This effect is called thixotropy and has been actively encouraged in some
paints.

Some materials show the opposite type of response, with an increase in viscosity as
time progresses. In the scientific literature, this phenomenon is known by at least three
terms: anti-thixotropy, negative thixotropy, and rheopexy, although the last of these is
now seen as being inappropriate.

Many of the fascinating and distinctive features of material behavior mentioned above
have been captured in a 20 min CD presentation entitled “Non-Newtonian Fluids”. This
was constructed by the Institute of Non-Newtonian Fluid Mechanics (Wales) and copies
are still available for distribution, as are copies of related presentations on the “History
of Rheology”, “Boger Fluids”, “Extravagant Viscoelastic Effects” and “Yield Stress”.
These films are recommended as useful learning tools for newcomers to the field of
rheology.

We hope that this section has “set the scene” for the detailed and focused aspects of
rheology, which will occupy the remainder of this volume.
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