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The microscopic structure of shear-
induced gels for a mixed solution of
2-hydroxyethyl cellulose (HEC) and
nanometer-size spherical droplets (NE) has
been investigated by in-situ small-angle
neutron scattering (SANS) with a Couette
geometry as a function of shear rate, γ̇.
The following facts were disclosed.
(1) There is a suitable range of NE and
HEC concentrations necessary for a shear-
induced sol-gel transition. The size of the
polymer chains needs to be comparable
with the inter-particle distance, a, of the oil-
droplets in NE. (2) In the stationary state,
the polymer chains do not bridge neigh-
boring droplets and are localized to one or
a few droplets via weak molecular inter-
action, such as van der Waals interaction
and/or hydrogen bond. (3) Nanodroplets
are dispersed in the solution with the elec-
trostatic repulsive interaction and keep the
inter-particle distance. (4) With increasing
γ̇, the viscosity increased rapidly at γ̇ ' 4.0
s−1, followed by a shear thinning. After
cessation of shear, the system exhibited
an extraordinarily large steady viscosity.
This phenomenon was observed as a shear
induced sol-gel transition. (5) Real-time
SANS measurements showed an increase
in the scattering intensity exclusively at
low scattering angle region. However,
neither orientation of polymer chains nor
droplet deformation was detected and
the SANS patterns remained isotropic
irrespective of γ̇. It took about a few
days for the gel to recover its original sol
state. (6) Shear-induced sol-gel transition
occurs when the system is percolated with
deformed polymer chains via droplets. (7)
For systems having highest dilatancy ratio,
the shear stress at the transition σtr is sim-
ply estimated by the interparticle distance,
a, i.e., σtr ≈ kBT/a3, and is independent

of the molecular weight of the polymer,
where kB and T are the Boltzmann constant
and the absolute temperature, respectively.
This means that the shear (or shear rate)
necessary for the transition is of the or-
der of unity, i.e., γtr ≈ 1. (8) The shear
thickening is not necessarily ascribed to a
non-Gaussian chain deformation, such as
an inverse Langevin chain conformation,
but to a Gaussian chain statistics with
a filler-assisted percolation. A possible
mechanism of gelation is proposed from
the viewpoint of shear-induced percolation
transition.1
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