
Materials Rheology: 
An Overview 
Stuart J. Kurtz, Guest Editor 

My fellow authors and I have assem
bled a series of articles on using rheol
ogy to understand the structure and 
processing of a wide range of materials. 
We approach this task by presenting an 
introduction to the concepts of rheol
ogy and some illustrative applications, 
followed by a description of linear vis
coelasticity and a description of the 
rheological behavior of elastic fluids. 
These concepts and related tools are 
then used to describe molten polymers, 
colloidal suspensions, latex systems, 
electrorheological fluids, and gels. In 
each of these areas, we show how rheol
ogy provides insights into the structure 
of materials and the type of informa
tion required to process them. We also 
show that the rheological approach 
spans macroscopic and microscopic 
domains. These aspects of rheology 
are of value to materials scientists and 
engineers. We hope these examples 
will clarify the relevance of rheology 
to materials. 

If we are successful in this presenta
tion, you will obtain a flavor of the 
process of rheological studies. While 
reading through these articles, look for 
the interplay of the concepts of mo
lecular or domain structures and· the 
flow and deformation of the bulk ma
terials. These articles may even inspire 
you to examine the role that rheology 
may play in your own studies. 

What is Rheology? 
Rheology, derived from the Greek 

root rhe meaning flow, is the study of 
the deformation and flow of matter. 
This definition would seem to encom
pass quite a bit. Indeed, at its first meet
ing in 1929 the Society of Rheology 
adopted the motto, IlavTa pet, "every
thing flows" (from the words of the 
Greek philosopher, Heraclitus). Rjleol
ogists do, in fact, study the deforma
tion and flow of all types of materials: 
polymer melts, composite materials, 
rubber, biological materials, solutions, 
suspensions, soils, foods, lubricants, 
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glaciers, liquid crystals, and many 
others. What these materials have in 
common is the complexity of their rhe
ological response to either flow or 
deformation. One might say that rheol
ogists study rheologically interesting 
and sometimes useful materials. 

While reading through 
these articles, look for 

the interplay of the 
concepts of molecular 
or domain structures 

and the flow and 
deformation of the 

bulk materials. 

Examples of interesting rheological 
effects can be found with the toy, Silly 
Putty ... , as described by A. Wineman. 
Placed on a table, Silly Putty will flow 
like a liquid under the force of gravity 
but will bounce like a rubber ball if 
thrown against a hard surface. A useful 
rheological effect comes with the ad
dition of small amounts of a water
soluble polymer, polyethylene oxide, 
to water. The resulting "rapid water" 
has much higher rates of flow in fire 
hoses at the same pressure drop com
pared to water without the polymer. 
Rheological properties are also impor
tant for optimizing the drilling of muds 
in oil fields, obtaining consistent tex
ture (or response to chewing) in food, 
and developing product formulations 
that allow rapid, stable fabrication and 
processing. In manufacturing paints, 
the control of rheology is important in 
the formulation of a dripless and spat
terless product, the desirability of 
which qm be attested to by weekend 
painters. The subsequent articles in this 
issue also note other important rheo
logical effects. 

There are several common ap
proaches to studying the rheology of 
materials, and they can be divided into 
studies of averaged behavior (e.g., vis
cosity), correlations and computations 
with molecular and structural parame
ters, and models. Models can be further 
classified. Some models are derived 
from mathematical constructs alone, 
and some from a combination of mathe
matical and physical models. Impor
tant rheological parameters such as 
viscosity are used in many of these 
models to describe average behavior. 
These parameters are generally neither 
constant nor linearly related to inde
pendent variables such as shear rate or 
shear stress. The parameters are ex
tremely useful in themselves and can 
be obtained from experiments without 
regard to the molecular structure of the 
materials. Even for complex rheologi
cal measurements such as the transient 
responses of materials, the underlying 
molecular structure is sometimes ig
nored. As we shall see, for the best un
derstanding of materials, especially 
those that show complex nonlinear rhe
ological relationships, it is important 
to include the molecular structure. 
Integrating knowledge of the molecu
lar structure with the predictions 
of appropriate models helps relate rhe
ological measurements to molecular 
structure. 

Rheology is one of many ways to ex
amine the structure of materials. Dy
namic rheological tests (described in 
Wineman's article) are often used as 
a measure of the interactions among 
structures such as molecules or other 
associations. Like using electrical or 
electromagnetic fields, using mechani
cal stress or strain fields also probes 
the molecule itself and larger associ
ated structures. Such probes are some
times the only really useful methods 
for looking at molecular entanglements 
of very long molecules or extended 
structures, as well as for studying their 
interactions. Thus rheology examines 
averaged or lumped effects in some 
cases and probes the detailed struc
tures in others. 

Not all materials have interesting 
rheological behavior under all condi
tions. It is necessary to specify the ma
terial's rheological parameters within 
the context of its thermodynamic state, 
the force and deformation fields on the 
material, and the rates and time scales 
of interest. Rates and time scales are 
often key. A measure of their impor
tance is given by the Deborah number, 
Noeb, a dimensionless number that re-
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lates a characteristic time for the mate
rial's response to a chqracteristic time 
scale for the process. The name Debo
rah comes from the reference to the ob
servation that "even the mountains 
flow before the Lord" (Judges 5:5). In
deed, across the range of materials that 
rheologists study, interesting results 
are sometimes found at deformation 
rates from the extremely slow, at less 
than 10·8 s·1

• to greater than 108 s·1• Not 
only is this range of deformation rates 
large, put so is the total range of values 
for rheological measurements such as 
viscosity. Viscosity, the· ratio of the 
shear stress to the deformation rate, 
may range over more than 20 qrders of 
magnitude. Very few measured pa
rameters have such a wide range of 
values. This in itself makes for inter
esting studies. 

Applications of Rheology 
Questions often arise as to when and 

how rheology is to be applied to a prob
lem. Aside from asking a rheologist 
(who would most likely find a way to 
involve rheology in at least some aspect 
of any problem), one might rephrase 
the question as follows: To what extent 
does the complexity of the material's 
response influence the results of 
processing or product properties or 
provide a useful insight into the under
standing of the material's structure? 
Simple models such as Newtonian flu
ids (described by a single constant vis
cosity) or Hookian solids (described by 
a single constant modulus) would be 
less likely to employ rheological tools 
and approaches· than problems con
cerning materials whose structures 
change due to stress, time scale of de
formation, or their history of deforma
tion. These are the key parameters 
used to describe, model, and test the 
rheological behavior of materials. 

Qualitative knowledge of the rheo
logical behavior of materials is often 
useful in process design. For example, 
the phenomenon of extrudate swell, 
an increase in diaq~eter of material 
exiting a qie, may be very important 
in the extrusion of materials with vis
coelastic response. If one is seeking 
a given rod diameter from a circular 
die, extrudate swell may cause prob
lems in dimensional control. This is 
especially critical when the swell may 
be shear-rate dependent, as is very 
likely, and when subsequent post die 
drawing may be limited. Rheological 
studies of extrudate swell show the 
importance of stretching flows at the 
die entrance, die geometry such as 
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the length-to-diameter ratio, and shear · 
rate in the die. This example and 
many others like it demonstrate that 
rheology is a basic tool for polymer 
processing and other manufacturing 
operations, much as chemistry is a ba
sic tool in reactor design. 

Although rheology is often described 
in mathematical terms involving inte
gral equat~ons or complex differential 
equations, much can still be learned 
from the use of approximations em
ploying non-Newtonian viscosity, 
elastic recovery, orientation functions 
and so on. Such approximations often 
yield the insights needed for process 
modeling, characterization of mate
rials, product development, product 
quality control, and correla~ions. On 
the other hand, too great a simplifica
tion may remove some key phenome
non of interest. Rheological approaches 
to understanding materials and mate
rials processing require a judgment 
concerning the best approach an!l are 
therefore more than just tl)e process of 
finding and using the right equation. 
An appreciation of the actual structure 
of the material being studied is usually 
required. The articles in this issue 
bring out this approach very clearly. 

The Articles 
·A. Wineman begins with an intro

duction to viscoelasticity. Such studies 
provide a foundation for formulating 
and solving many of the questions 
asked in rheology. He shows how the 
use of tests such as creep and stress re
laxation can be interpreted in terms of 
molecular structure. Linear viscoelas
ticity continues today as an important 
tool used by rheologists, first because 
of the elegant mathematical structure 
of linear viscoelasticity, and second 
because the theoretical ·interrelations 
work so well for so many materials. 

J.M. Dealy extends the application of 
linear viscoelasticity to polymeric liq
uids. He then focuses on the most 
widely studied nonlinear viscoelastic 
material, polymer melts, in large de
formation flows. Again, the material 
structure, in this case the molecular 
parameters such as molecular weight 
distribution and long chain branching, 
strongly affect the flow and process
ing of these materials. Polymers within 
a given "class," such as polyethylene, 
are really made up of many different 
types or grades. Different polymer 
grades are preferred in specific pro
cessing operations such as blow mold
ing, blown film, and injection molding 
because of particular rheological be-

havior and a final set of properties. 
The rheological concepts developed 
here are useful across many materials. 

W.B. Russel next introduces the 
concepts of colloids and suspensions. 
We get to see how macrostructure 
(larger than the molecular level) may 
be strongly influenced by the fields 
present during close interactions. A 
rheological description of the interac
tions along with dimensional analysis 
and statistical mechanics adds another 
dimension to understanding the struc
ture and processing of such locally 
heterogeneous systems. This nicely in
troduces the fascinating work done 
by R.L. Hoffman on latex systems. 
Hoffman shows how changes in macro
structure, as q~easured by light diffrac
tion, can be used to establish the cause 
of rheological yielding, shear thinning, 
and dilatancy in suspension systems. 
Another type of field interaction con
cerns the unusual case of electrorheo
logical fluids. 

T.C. Jordan and M.T. Shaw show how 
ele!=tric fields can be used to rapidly 
change a special material mixture from 
a fluid to a solid. The behavior is com
plex, requiring the use of rheological 
tools such as dynamic testing to eluci
date the process. Such materials are 
interesting because of their current 
and potential applications in clutches, 
copying machines, valves, and other 
devices. 

Another macroscopic structure oc
curring in polymers is a "gel." Here, 
primary chemical bonding called cross
linking extends the molecular struc
ture (single molecules) to occupy a 
visibly large space. The structures are 
physically different from separate 
molecules and result in unique rheo
logical behavior. H.H. Winter describes 
some of the rheological techniques 
used to study this interesting structure. 

For the reader interested in a more 
detailed presentation of rheology, 
though still appropriate as an intro
ductory text, I recommend the book by 
Barnes et all. For those interested in 
specific applications of rheology to 
polymer melts, I have found J.A. Bryd
son's2 text particularly user friendly. 
The articles in this issue contain addi
tional references. 
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