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This volume of Rheologica Acta contains manuscripts
from contributors to the Workshop on Rheophysics
held in January 7–9, 2008, at the ESPCI, Paris. It was
organized by P. Coussot, P.H. Jézéquel (Lafarge), and
F. Lequeux (ESPCI) within the frame, and with the fi-
nancial support, of the Lafarge—Ecole des Ponts Paris-
Tech—Ecole Polytechnique Chair “Material Science
for Sustainable Development.” The aim of this Chair
(http://chaire-lafarge.enpc.fr/) is to foster exchanges be-
tween the academics potential in emerging fields and
the growing needs for interdisciplinary scientific ap-
proaches for applications in civil and environmental
engineering. The workshop was attended by over 85
participants from six countries, including academic fac-
ulty and students as well as industrial scientists. Herein,
we briefly summarize some of the key contributions so
as to provide the reader with both a guide to the work
as well as a brief summary of some challenges identified
for future research.

Suspensions are ubiquitous in the chemical and
materials processing industry, and as scientists from
Lafarge note, controlling suspension rheology is the key
to the largest by weight industrial production, namely
concrete. There are a few common issues that confront
industrial scientists working with suspensions, namely
that they are often very concentrated, they are in
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complex, multi-component formulations often evolving
around rheology control, and industrial suspensions
often have both a wide particle size distribution and
many complex interactions that arise from a variety
of different chemical surfaces, solvent mixtures, and
added surfactants, polymers, and salts. In addition,
these complex mixtures often contain broad distribu-
tions of timescales, where both chemical and physical
aging are possible. As noted, formulation always, to
some level, addresses rheology, where once an accept-
able level of viscosity control is achieved, other non-
linear effects such as normal forces, shear migration,
shear banding, sedimentation, thixotropy, aging and
shear thickening, and jamming may complicate or frus-
trate the application. The contributions herein provide
insight into understanding all of these complications
through model system studies and modeling as well as
identify key areas needing further research.

For example, Toussaint reviews the impact of the
formulation changes on the rheological properties of
well-controlled cement pastes. In particular, it is strik-
ing to see how subtle changes in the particle or additive
characteristics may have an impact on these proper-
ties and in particular the shear-thickening effect. Also,
Toussaint shows that it is possible in a practical indus-
trial problem to use the existing theories developed for
model materials to both understand and improve the
rheology of industrial products.

The main origin of the complex rheology arising in
these concentrated systems is the close proximity of the
particles immersed in a suspending medium that gives
rise to a very complex hydrodynamic field, which leads
to the possibility of collective effects and couplings
between flow and microstructure. Morris reviews the
fundamental aspects of flow-microstructure coupling
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in model suspensions and provides new keys for un-
derstanding complex suspension rheology phenomena
such as shear-thinning, shear-thickening, normal stress
differences, as well as phenomenon such as shear-
induced migration.

Shear thickening is indeed one of the more spectacu-
lar rheological effects associated with concentrated sus-
pensions and remains a current topic of investigation.
The work of Kalman describes the novel method of
flow-ultra small angle neutron scattering and its appli-
cation to measuring the statistical properties of the con-
centration fluctuations underlying shear thickening, i.e.,
the structure of “hydroclusters.” Understanding how
the microstructural transition of hydrocluster forma-
tion drives the macroscopic shear-thickening response
provides a method for controlling the phenomenon.
Hébraud discusses the specific case of “catastrophic”
shear thickening associated with a jamming of the struc-
ture at a critical shear rate. It is demonstrated that very
large stress fluctuations can be observed, along with
a change of the sign of normal stress and dilatancy.
Clearly, such behavior is associated with microstruc-
tural transitions, but what constitutes transition from
continuous shear thickening to dilatancy remains a
challenging problem.

The above works focused on model systems in which
colloidal interactions were initially negligible or moder-
ated by appropriate physicochemical treatment. Thus,
the theoretical analysis of the observed effects could
rely on a description of the material as made of indi-
vidual particles evolving more or less collectively. The
work of Osuji shows an even more complex shear-
thickening effect in colloidal suspensions with attractive
interactions and floc structures. Shear thickening is sug-
gested to be due to a breakage of flocs, which increases
with shear rate and which finally gives rise to larger
hydrodynamic dissipation as the smaller particles are
now dispersed in the liquid. Direct visual observations
of vorticity-aligned structures on longer length scales
vividly illustrate the complex microstructures forming
in such model suspensions in a relatively simple flow.
Understanding these hierarchical structural rearrange-
ments, their coupling to the flow, and their effect on
the rheology finally relates to more ancient and still
vivid significant challenges in the field of colloidal
suspensions, which have impact for understanding of
the physical origin of their shear thinning, yielding, or
thixotropic behavior.

Another important complementary work is that of
Lemaitre, who provides an original review of the prob-
lem of the rheophysics of concentrated suspensions
from the point of view of dry granular flow properties.
This field has indeed emerged rather recently (about

25 years ago), and there is now a significant under-
standing. In fact, there are obviously strong similarities
in concentrated suspensions and dry granular materials
since they both contain a high concentrated of particles
in a limited volume. On the basis of a rheophysical
approach, focused on dimensional or scaling analysis
(in particular comparing the amount of main energy
dissipations), Lemaitre et al. nevertheless clarify the
physical origin of the analogies and the transition of
regimes in the different situations. In particular, they
show how a regime in which inertial effects are pre-
dominant may occur even in the presence of significant
contact forces up to the jamming transition.

Another critical example of consequence of the flow-
microstructure coupling is provided by Snabre, who
shows that such effects can occur even within a con-
centrated suspension at rest during sedimentation.
Snabre presents a very detailed, original Particle-
Image-Velocimetry study of the temporal microstruc-
ture evolution of a granular suspension at rest, which
he can correlate to size segregation and sedimentation
effects such as jamming. This study provides a unique
and thorough approach to study the link between lo-
cal and collective effects in concentrated suspensions
under gravitational settling, which suggests several im-
plications for the properties of shear flow of similar
systems.

Finally, another dramatic effect observed in flow-
ing suspensions is discussed by Ovarlez, namely shear
banding. This effect has been widely described for mi-
cellar solution, but in that case, it is likely associated
with a phase transition. Here, Ovarlez et al. focuses
on this effect in the case of colloidal or non-colloidal
suspensions. In particular, they show that this effect
is a consequence of temporal structure evolution in
flowing pastes and suspensions and emphasize that it is
critical to distinguish true shear banding from the sim-
pler effect of coexisting static solid and flowing liquid
regions in yield stress fluids. They suggest, from a global
point of view, that shear banding in these systems has a
common physical origin: two physical phenomena are
in competition, and depending on the flow conditions,
one of them becomes dominant and makes the system
evolve in a specific direction. Further, by reviewing
observations across a broad spectrum of complex fluids,
they conclude that shear banding may be more the rule
than the exception.

These reports of current research advances in sus-
pension rheophysics all focus to varying extents on
the underlying connection between microstructure and
macroscopic behavior. This is facilitated by advances
in experimental methods, such as rheo-SANS and light
microscopy. In addition, a number of investigations
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highlight the need to also directly measure the lo-
cal kinematics, which can be very complex even for
seemingly simple geometries, by such methods as rheo-
NMR and PIV. This highlights the need for evermore
precise and robust measurement methods where mi-
crostructure, kinematics, and bulk properties can be
determined simultaneously or at least in a complemen-
tary manner to enable advances in our understand-
ing of model systems. Robust theory and simulations
are shown to be essential tools to provide a quanti-
tative link between these observations and place spe-
cific model systems (hopefully) into the context of a
broader, more universal behavior. Note also that all
of these investigations to some extent treat systems
that exhibit solid–liquid and/or flowing–jamming tran-
sitions, illustrating the tremendous interest (and hence,
our lack of a complete understanding), both academic
and practical, in such behavior and its consequences. It
is reasonable to expect that significant advances in our
ability to formulate and control the rheological proper-
ties of products based on concentrated suspensions and
pastes will come through experimental investigations
on model systems that determine microstructure and
kinematics simultaneously with bulk properties. Ide-
ally, these experimental will be analyzed with particle-
level modeling connecting particle properties and
interactions to microstructure and stresses, which be-
comes a microscopic constitutive equation for macro-
scopic modeling of the suspension kinematics. This
remains a challenge and perhaps a speculation of a
roadmap for future work.

We invite the interested reader to draw their own
conclusions after reading these insightful contributions,
as well as identify fruitful areas for future research.
Note that our summary is necessarily brief and, there-
fore, incomplete as well as biased by our own research
interests—for this, we take full responsibility. Never-
theless, we hope you will benefit from these collected
contributions as well from this introduction. In closing,
we mention three very recent topical reviews of possi-
ble interest to the reader that provide overviews of the
current literature on the microstructure of suspensions
(Vermant and Solomon 2005), the modeling of pastes
(Coussot 2007), and thixotropy (Mewis and Wagner
2009a), as well as one additional attempt to summarize
recent advances in suspension rheology (Mewis and
Wagner 2009b). We thank the sponsors and organizers
of this workshop as well as the editors of Rheologica
Acta for their dedicated effort to create this com-
pendium of current research manuscripts in suspension
rheophysics.
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