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Concentrated dispersions of soft particles are shown to exhibit a generic slip behavior near smooth
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surfaces. Slip results from a balance between osm
interaction between the squeezed particles and the w
properties and provides insight into the behavior of
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ted dispersions such as colloidal pastes,
nd granular suspensions display both solid-
dlike flow properties [1]. Their close-packed,
tructures lie at the heart of this behavior. The

e jammed [2] and can only flow past one
reciably if a large enough stress, greater
ield’’ stress, is applied. This unique property
to form high performance materials in many
processes, such as film coating, screen print-
amic extrusions. However, the motion of a
dispersion depends not only on the bulk flow

ut also upon the nature of the confining
t simply, a paste often prefers to ‘‘slide’’
flow if the surfaces are suitably smooth.

ve a dramatic effect on the rheology and the
f yield stress materials.
cts in dispersion flows have often been de-
rms of an apparent slip, which arises from a
particles at the wall [3–9]. The presence of

ally inferred from the macroscopic rheologi-
, and several techniques have been developed
lip effects and extract bulk rheology [3,5].
studies have tried to correlate the rheology
flow visualizations [4,6,8,9]. Very recently,
of thought has emerged, which considers
of concentrated dispersions should be in-

eterogeneous as a consequence of their par-
slike dynamics [10–12]. In this context,
ortant questions remain open. What are the
mechanisms at work when concentrated dis-

along surfaces? How are wall phenomena
the bulk rheology? Is there any underlying

tter we answer these questions for the case of
pastes. We probe simultaneously the non-

gy and the local velocity profiles for differ-
perties. When sheared between rough walls,
omogeneously over the whole range of shear

gated. When sheared between smooth walls,
wall slip. At high stresses, slip occurs but is

ust above the yield stress �y the deformation
a combination of paste flow and apparent slip.
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otic forces and noncontact elastohydrodynamic
all. A model is presented that predicts the slip

the bulk paste.

PACS numbers: 82.70.–y, 83.50.Rp, 83.60.La

The slip velocity V has a constant value V� �G0R=�S,
where G0 is the low-frequency plateau storage modulus,
�S is the solvent viscosity, and R is the particle radius.
Below �y the slip velocity V varies according to V=V� �
��=�y�

2. These properties are observed for different sys-
tems and over a wide range of experimental parameters,
indicating a remarkable universality. A model, based on
microelastohydrodynamic lubrication between squeezed
particles and the wall, explains these results.

In this study we investigate microgel pastes and emul-
sions. In microgel pastes, each particle comprises a
cross-linked polymer network of acrylate chains bearing
ionized methacrylic acid groups, which is swollen by a
solvent [13]. The solvents are water and water/glycerol
mixtures. Two batches of microgels with cross-link den-
sity Nx � 140 and 28 are studied, Nx being the average
number of monomers between cross-links. In dilute sus-
pensions the particles have a spherical shape with a hy-
drodynamic radius R (R � 220 nm forNx � 140 andR �
125 nm for Nx � 28). Above the concentration Cm the
microgels pack into concentrated pastes with solidlike
properties (Cm � 0:0085 g=g for Nx � 140 and Cm �
0:038 g=g for Nx � 28). The emulsions are concentrated
dispersions of silicon oil (viscosity 0.5 Pa s) in water,
stabilized by the surfactant Triton X-100 (<10�2 g=g)
[14]. The size distribution is moderately polydisperse,
with a mean droplet radius R � 1:5� 1 �m. The emul-
sions exhibit solidlike behavior above a volume fraction
� � 0:70.

The macroscopic rheology has been measured using a
stress-controlled rheometer (Haake RS 150) with cone
and plate geometries (35 and 60 mm diameter, angle
2	). Rough geometries are obtained from the manufac-
turer (roughness �5 �m) or prepared by sticking water-
proof sandpaper on the shearing surfaces (roughness
�30 �m). Reproducible smooth geometries are obtained
by covering the shearing surfaces with a polymer film.
Quantitatively similar measurements are obtained with
other smooth surfaces such as glass or metallic plates,
indicating that the wetting properties of the substrate play
no significant role in the phenomena reported below.
Samples are sealed in a water-saturated environment to
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