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Determining the Flow Point of Shampoos using Rheometry

Household shampoos are designed with a desired point to flow under an appropriate level
of stress. The amount of shear stress required to reach the point of flow, whether it be the
force to squeeze the bottle of shampoo or simply the force of gravity, affects its feel and
functionality. For instance, the flow point is essential to ensuring that the shampoo stored
in a bottle pours out in a timely manner, and it does not run off your hand before you can

apply it.

The Ebatco newly acquired MCR302e Rheometer (manufactured by Anton Paar) is an
excellent choice for characterizing deformation and flow properties of a variety of fluids
and viscoelastic solids including shampoos. MCR302e is capable of performing both
rotational rheometry and oscillatory rheometry, using a wide range of shear stresses and
shear rates in order to test viscoelastic behaviors of materials used in broad real-world
applications. MCR302e with its heating and cooling stages can also allow explorations of
the effects of temperatures on viscoelastic properties of materials from -150 °C to 400 °C.

‘l In this study, two commercial shampoo
samples were tested with a 25 mm
parallel plate measuring configuration on
the MCR302e (see Figure 1). The
samples were placed between two
parallel plates and subjected to a
rotational shear stress. Viscosity was
measured from the resulting torque at
shear rates between 0.1 to 1000 s™.

4 From the testing results it is known that
Figure 1. Parallel plate rheology at low shear rates, the shampoo samples
measurement of shampoo. behave like a Newtonian liquid which

has a constant viscosity. The constant

viscosity at low shear rates could be used to determine the zero-shear viscosity. Shampoo
1 measured a higher zero-shear viscosity of 22.4 Pa-s whereas Shampoo 2 had a zero-shear
viscosity of 15.1 Pa-s. This indicates that Shampoo 1 will require a greater force than
Shampoo 2 to be filled into a bottle or to be applied to hair. Besides, if you were to simply
pour Shampoo 1 in your hand and slowly tilt your hand, Shampoo 1 would take longer time
to slide off your hand than Shampoo 2 would. This comment can be further explained
through the flow point or yield point concept: shear stress required to cause a breakdown
in the sample structure and to result in flow. As can be seen from the flow curves of the
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two shampoos shown in Figure 2 below, the yield point represents the transition between
steady viscosities and rapidly decreasing viscosities when shear stress increases. The point
at which these two segment slopes converge is the yield point (blue arrow in Figure 2).
Shampoo 1 was found to have a yield point of 83.8 Pa, while Shampoo 2 had a yield point
of 67.6 Pa. The higher yield point of shampoo 1 reaffirms that more force is required to
cause Shampoo 1 to flow than it is required for Shampoo 2 to flow.

At higher shear rates, both shampoo samples exhibit shear thinning behaviors, where the
viscosity decreases as the shear rate increases. At shear rates above 10 s (corresponding
to approximately 100 Pa of shear stress) the viscosity of both shampoos appears to
converge to very low values, which represents the regime where the shampoo is in a liquid
state.
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Figure 2. Flow curves of two shampoo samples. Blue arrow denotes the calculated yield
point for each shampoo.

Obtaining viscosity flow curves are just the beginning of exploring the rheological
properties of shampoos and other products. Rheometry studies can expand to help answer
questions such as how the flow behavior of product changes with the addition of stabilizing
additives or other formulation adjustments. Rheometry measurements could also capture a
critical snapshot of a product’s properties under different storage environments or for
different applications, through simulated timeframes and stressors, and thus save you both
time and money that might have to be used to wait for field real-usage feedback.
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