
Partner/Sponsor:

• Decreasing the system’s degrees of freedom (DoF) enhances 
material’s toughness and stability

• Gels observed and measured after a pre-shear at Pe = 20
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The goal of this work is threefold: First, design and characterize 
model system with new design handles, exploiting shape & 
roughness; Second, develop advanced characterization methods 
- macroscopic and microscopic; Third, compare to selected 
simplified industrial systems

2. Roughness and aspect ratio as design parameters

1. Introduction

Conclusions and further work: 
• Detailed microstructural studies on rough and high aspect ratio systems
• Opto-mechanical characterization of sheared structures to detect plastic events

3. Microstructural evolution and plastic event detection

• Detection of plastic events by optical flow and particle tracking

Ultrafast rheo-confocal setup

Setup
Flow reversal experiment
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Detection of discontinuities with optical flow… … linked to the local strain field
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• A minimal model for Elasto-visco-plastic materials

4. Constitutive model using simplifies industrial systems
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The elastic strain defines the stress perceived by the material, Eq.(7a), where the two
quantities are directly proportional through the shear modulus G. The accumulated
elastic strain is relaxed by the plastic deformation rate

�
Lp

�
as expressed in Eq.(7b), this

relation transform in a simple summation of elastic and plastic shear rate in the case of
simple shear. The model can be used to predict very complex deformations, e.g. entrance
flow. However, it should be validated on homogeneous deformation to clearly reconstruct
the di↵erent components of the stress and strain tensors. Simple shear and uniaxial-
compression were chosen as characteristic deformation protocols due to their simplicity
and relevance. The shear measurements are the standards for colloidal suspensions, and
for a tensorial study they should be enriched by normal force measurements that express
mechanical cross e↵ects, this measurements are encountered less often but can be found
abundantly in the literature. Instead, uni-axial compression are di�cult to perform and
therefore not prominent in soft pastes literature. for this reason the results obtained
would be presented in their own chapter.

The shear model reported in Pagani et al. [26] is extended to predict more realistic
materials and deformations. Multiple relaxation times, fingerprint of complex fluids, are
approximated through a linear shear-relaxation modulus, then used in the integral form
of the shear model. The relaxation modulus was calculated from the fractional Maxwell
model fitting of the linear compliance. The tensorial generalization of the shear model is
proposed here to extend the validity of it to deformations that industrial samples could
experience in their lifespan, in particular for two relevant cases (simple shear and uni-
axial compression). The stress activation function connects the macroscopic modelling
with the microscopic world and gives a new way to think about formulations. We also
started applying this model to the industrial dispersions.

3.3 Uni-axial compression for soft pastes

As explained before, uni-axial compression measurements are theoretically a simple ex-
perimental protocol, given the homogeneity of the deformation and the small amount of
tensorial component involved, but they result di�cult to perform in laboratory practice
when soft solids are under study. The complexity of these experiments derive from the
ill controlled boundary between the material and the geometry. Often pastes adhere
to the flat geometry generating a no-slip condition, or partially slip condition, during
the experiment. This cause the sample to take a characteristic barrel shape and break
the homogeneity of the deformation [35, 36]. To avoid this, a special coating was devel-
oped specifically for the material used (Carbopol 940) that repel the microgel particles,
forming a depletion layer that e↵ectively lubricate the material assuring a total slip
boundary condition. It was then possible to perform clear compression measurements
for dispersion of di↵erent concentration, in particular two weight concentrations were
used, 1% and 0.15%. These test the model at its limits and they highlight the reliabil-
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5. Probing inter-particle and inter-cluster properties

More particles involved in plasticity More particle movements involved in 
plasticity

↓ Volume fraction
↓ Interaction strength
↓ Activation barrier to
trigger plastic events

Smooth rods can
align, giving rise so
bending rigidity.
Rough rods can
interlock and form
an open structure
that is independent
on aspect ratio.

• 3D constitutive model for elasto-visco-plastic materials relevant for industry

• Micro-scale probing of single particles or clusters and targeted shearing

While rough particles undergo interlocking at contact, 
elongated particles increase the effective volume fraction, 

which in tern decreases the system’s DoF.


