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Assessing Dispersion Stability Using Oscillation Testing
on a Rotational Rheometer – Shower Gels

Introduction

Whether the long-term stability of an emulsion or sus-
pension is governed by a zero shear viscosity or a yield 
stress is dependent upon its microstructure. Further-
more, it is the state of this microstructure at long time-
scales that is important since this is ultimately what any 
dispersed phase will encounter over prolonged storage.

There are a number of tests for evaluating changes in rhe-
ological properties as a function of time. A creep test is 
ideally suited to the task since it looks at the response to 
an applied stress directly as a function of time.  Another 
useful test is an oscillation frequency sweep where the 
sample is oscillated at a number of different frequencies 
consecutively. Since frequency is the inverse of time then 
high frequencies correspond to short timescales and 
low frequencies to long timescales. It should be noted 
that timescale corresponds to angular frequency (ω) as 
opposed to cycling frequency in oscillation testing.

By evaluating changes in Elastic (or Storage) Modulus, G’; 
Viscous (or Loss) Modulus, G”; and phase angle, δ, over 
a limited frequency range, it is possible to determine 
whether a material is likely to have a yield stress or a zero 
shear viscosity and also potential stability issues. Exam-
ples of common frequency responses for various materi-
als are shown in Figure 1.

If G’ exceeds G” at low frequencies e.g. <0.01Hz, then it 
can be inferred that the material possesses a network 
structure which needs to be broken down before flow 
can commence, i.e., it has a yield stress. If G” exceeds G’ at 
low frequencies, this indicates that macroscopic flow can 
occur, and the stability is then likely to be governed by 
the zero shear viscosity or viscosity corresponding with 
the stress imposed by the dispersed phase. Since it is dif-
ficult to access these very low frequencies on a rheom-
eter due to the long test times involved, it is useful to 
evaluate the general form of the curves.

Since the phase angle, δ, and Elastic Modulus, G’, 
are general indicators of structural characteristics, then 
the magnitude and direction of change with decreasing 
frequency can indicate the nature of the material 
response at longer times.

 ∙ If G‘ is largely independent of frequency and the 
phase angle remains either constant or decreases with 
reducing frequency, as with a viscoelastic solid or gel 
structure, then we can infer the material is more likely 
to maintain network structure and it will be more stable.

 ∙ If the phase angle, δ, increases and G‘ decreases with 
decreasing frequency then this indicates that the elastic 
elements of the structure (the network) are relaxing 
and is becoming liquid-like, this is likely to infer lower 
stability.

Frequency sweep responses for various material types1
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These observations should also be reflected in the com-
plex viscosity, η*, which for fluids will show the onset of 
a zero shear viscosity plateau towards lower frequencies, 
while  for solids possessing a network structure an ever 
increasing value  of η* should be observed, as shown in 
Figure 2.

For practical use of this technique, it is important to eval-
uate the form of the curves under appropriate condi-
tions. A minimum frequency of 0.01 Hz may be sufficient 
to evaluate stability potential, but going to a magni-
tude of frequency lower than this, although more time 
consuming will provide a more accurate picture of low 
frequency trends. The test temperature is important 
also since structural relaxation will generally occur on 
shorter timescales with increasing temperatures due to 
a faster rate of structural rearrangement. Therefore test-
ing at higher temperatures can better replicate real stor-
age conditions and potentially make it easier to pick out 
problem samples. It is, however, important when work-
ing at higher temperatures over long timescales that 
sample evaporation is prevented.

This application note shows methodology and data from 
oscillation frequency testing for a series of shower gels, 
and their ability to suspend dispersed bubbles in the 
formulations.

Experimental

 ∙ A series of shower gels containing various levels of an 
associative thickening polymer (ranging from 0% up to 
8%) were evaluated for their ability to suspend bubbles 
at room temperature for prolonged periods.

 ∙ Rotational rheometer measurements were made using 
a Kinexus rheometer with a Peltier plate cartridge and 
a cone and plate measuring system1, and utilizing 
standard pre-configured sequences in rSpace software.

 ∙ A standard loading sequence was used to ensure 
that the samples were subject to a consistent and 
controllable loading protocol.

 ∙ All rheology measurements were performed at 25°C 
unless specifically stated.

 ∙ A strain-controlled amplitude sweep is performed to 
measure the length of the Linear ViscoElastic Region 
(LVER), and to determine an appropriate strain value 
to be used in the subsequent frequency sweep test 
(the LVER determination is automated within rSpace 
software, and the strain value determined is fed forward 
into the next part of the sequence).

 ∙ A frequency sweep is performed at the pre-determined 
strain value within the LVER, between default values of 
10 Hz and 0.005 Hz.

η* versus frequency curve for a viscoelastic solid (A) and viscoelastic liquid (B)2
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Results and Discussion

Figure 3 shows the frequency sweep data for the range 
of shower gel products tested. It is clear that increas-
ing the concentration of associative thickener increases 
the degree of elasticity as highlighted by the increase 
in G’ and decrease in phase angle. This elasticity arises 
through cross-linking of the surfactant micelles, which 
can form a gel-like structure at the right concentrations.

Figure 3: Frequency sweeps for shower gel products with various levels of associative thickener (A) 0%; (B) 2%; (C) 4%; (D) 6%; (E) 8%. 
Elastic (or Storage) Modulus, G’ is shown in red; Viscous (or Loss) Modulus, G’’ is shown in blue; phase angle, δ is shown in green.

3

Samples with 6% and 8% associative polymer have 
higher values of G’ at the low frequencies indicat-
ing a greater extent of cross-linking, while the value 
and direction of the phase angle indicates that these 
materials are showing solid or gel-like behavior in this 
frequency range. This is favorable for stability since it 
indicates the likelihood of a yield stress or at least a high 
zero shear viscosity at lower frequencies.
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For the samples with lower values of associative polymer, 
G” is dominant and the phase angle is increasing with 
decreasing frequency, thus indicating structural relax-
ation and hence liquid-like behavior in this frequency 
range, which is less than favorable for stability.

This is also reflected in complex viscosity, η* (see Figure 
4), with the body wash containing no polymeric addi-
tive showing a zero shear viscosity plateau (i.e., liquid-
like behavior) with a value of approx. 5 Pas. Conversely, 
the sample with 8% associative polymer displays power 
law behaviour over the same range with a viscosity close 
to 1000 Pas at 0.01 Hz. Whether or not the latter would 
show a plateau at lower frequencies can only be eval-
uated by testing to lower frequencies (or alternatively 
creep testing) but nevertheless the viscosity at these 
lower frequencies should be sufficiently high to slow 
down sedimentation of a dispersed phase.

Conclusions

It is possible to predict dispersion stability by performing 
a frequency sweep test within the LVER under the appro-
priate measurement conditions. This has been demon-
strated for five shower gel products containing various 
concentrations of an associative thickening agent.  Sam-
ples with high levels of polymer show gel-like behavior 
with higher values of G’ and a low phase angle which 
does not increase towards lower frequencies. These sam-
ples have been shown to be able to suspend bubbles for 
prolonged periods of time.
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Plots of complex viscosity, η* against frequency for shower gel products with 0% (red) and 8% (blue) 
associative polymer thickener
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1Please note ...

that a parallel plate geometry or a cylindrical geome-
try can also be used. A sand blasted geometry should 
be considered if the material is likely to show wall 
slip effects. Larger geometries are useful for measu-
rements at low torques, which are more likely to be 
encountered at lower frequencies. The use of a sol-
vent trap is also recommended for these tests since 
evaporation of solvent (e.g. , water) around the edges 
of the measuring system can invalidate the test, par-
ticularly when working at higher temperatures.


