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Many everyday household and personal care
products are concentrated dispersions which exhibit
a rich rheological behaviour.  The complex non-
Newtonian flow response that arises in such
formulations is a manifestation of the multi-phasic
microstructure that often exists.  A key to
understanding and controlling the formulation,
processing and stability of such products therefore
lies in characterising, understanding and
manipulating that microstructure.  Small angle
neutron scattering (SANS) has proved to be a
powerful tool in investigating the microstructure in
such complex fluids and is now being applied
directly to optimising some processing protocols.

Many of these formulations are in the form of
lamellar phase dispersions and undergo structural
phase transitions and changes in orientational order
with shear flow.  These lamellar phase dispersions
undergo a Lα/Lβ phase transition (liquid-like to semi-
solid) at some finite temperature – a transition from
a fluid bilayer to an ordered ‘solid-like’ phase.  One

such system, which is predominantly the di-chain
cationic surfactant di-octadecyl dimethyl ammonium
chloride, 2HT, undergoes a shear-thickening
transition in its Lα phase, which is associated with a
transition from an aligned lamellar phase to multi-
lamellar vesicles.  SANS measurements using a
Couette flow cell have been used to characterise the
transition (fig. 1).

The ‘shear diagram’ is the out-of-equilibrium
equivalent to an equilibrium phase diagram.  The
figure shows the SANS data for a shear rate below
the transition, measured with the neutron beam
incident orthogonal to the shear gradient-vorticity
and flow-vorticity planes.  These data and related
conductivity measurements are indicative of an
inhomogeneous distribution of orientational order
across the Couette flow cell gap (in the gradient
direction).  This was confirmed by small-angle X-ray
scattering (SAXS) measurements, scanning across
the Couette flow cell gap in the gradient direction,
using the micro-focus beamline ID13 at the ESRF in
Grenoble, France.  These and other measurements
provide evidence consistent with ‘shear banding’,
macroscopic changes in structure, orientational
order or concentration (de-mixing) associated with
discontinuities or instabilities in the flow curve.

The processing and formulation of products such as fabric
conditioners, shampoos and shower gels are more controllable if
their microstructure is understood.  Knowledge gained from
neutron scattering measurements is now being used on 
production lines.
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Fig. 1: 
Shear diagram for
2HT (in Lα phase).
The contour plots
show the SANS
data for 45 wt%
2HT at 6 s-1, with
neutron beam
incident in (upper
plot) the shear
gradient-vorticity
plane and (lower
plot) the flow-
vorticity plane.
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Such studies demonstrate the ability of SANS
and related techniques to link micro-structure and
bulk rheological behaviour; they have now been
used to help in the optimisation of processing
conditions. 

The Lα/Lβ phase transition has a significant
impact upon the ‘in-use’ dispersion micro-structure
and ultimate micro-morphology, so viscosity in the
Lβ phase can be manipulated by the addition of co-
surfactants.  Many of the formulations based on
such systems are in the form of lamellar fragments,
and the fragment size and concentration ultimately
determine the product viscosity.  Fragment
formation is usually associated with the Lα/Lβ phase
transition and its onset can be monitored by
differential scanning calorimetry (DSC). 

The processing of such formulations starts
with hot mixing (65 to 70 °C) and shear is
traditionally applied during the cooling stage.
Recent studies have suggested that time may be
saved if the work (and therefore additional heat) is
not applied until lower temperatures are reached.
SANS measurements have demonstrated (figs. 2 and
3) that the ordered phase only evolves at
temperatures significantly below the DSC derived
phase transition temperature (at 46 °C, some 12 °C
below the Lα/Lβ phase transition temperature for this
mixture).

The opportunity to revise the work done while
cooling has provided substantial energy and time
savings.  Such results provide the opportunity to
optimize processing conditions.  In this case the
experience gained from the SANS measurements (on
a 15 g scale) was transferred to a pilot plant (40 kg)
and production (15 tonne scales) within three
months.
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Fig. 2: 
DSC data and
anisotropy of SANS
data as a function
of temperature and
shear, cooling from
65 to 35 °C.

Fig. 3:
SANS scattering
patterns for data in
fig 2 at (a) 58 °C
and (b) 42 °C,
showing onset of
typical aligned
lamellar fragment
data at the lower
temperature.
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