RHEOLASER CRYSTAL

Accelerated stability test with thermal cycles
Example of highly stable creams

INTRODUCTION
Stability measurements of highly concentrated and highly stable O/W emulsions are
challenging due to high viscosity or experimental times of months or years. This
application note will show, how Rheolaser CRYSTALcan assess stability in several hours
using thermal cycles to accelerate destabilization. We used model emulsions like
those described in Schmitt el al. [1]. These highly concentrated O/W systems based
on alkanes (heptane to hexadecane) showed increasing stability with increasing
alkane chain lengths. The shorter the alkane chain, the stronger the Ostwald
Ripening effects and coalescence. Coalescence for C12 to C16 systems was only
observed after at least 6 months by droplet size increase using laser diffraction.
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HOW IT WORKS
Rheolaser Crystal is based on Diffusing Wave Spectroscopy
(DWS), a multiple light scattering technique. Light is scattered
by the microstructure inside the sample (droplets, crystallites,
etc.), creating an interference pattern (Speckle Image).
Variation of this image in time is directly related to the mobility
of the microstructure (figure 1). The faster the Speckle Image
changes in time, the higher the mobility of the microstructure
is. Mathematical analysis of this variation generates MicroDynamic (mD) curves as a function of temperature or time. The
response on thermal cycles depends on the microstructure.
Stable samples will not show any variation in signal height,
whereas unstable samples will show an increase or a decrease
of signal height, as microstructure varied. [2]

Emulsion was sampled into the closed-cell of Rheolaser Crystal
and two Turbiscan measurement cells for comparison. Rheolaser
Crystal experiment took 8 hours. The samples was first cooled
from 20°C to 4°C with a 25°C/min ramp and held at 4C for 1 hour.
This was followed by 10 complete cycles between 4°C and 40°C
with a 10°C/min ramp and a 15-minute temperature hold at each
of the extremities.

RESULTS AND DISCUSSION
Figure 2 shows the evolution of the Micro-Dynamic (mD) and that
of the temperature as a function of time for C12 and C16 during
10 complete cycles. We can observe that the mD closely follows
the temperature curve. The signal is almost constant at the 40°C
plateaux. The peak height of Sample C16 did not show any
significant evolution during the 10 cycles, which correlates to its
stability of at least several months. The C12 emulsion shows a
clear evolution of the signal height, which indicates an alteration
of the structure. According to the literature, this is mainly Ostwald
Ripening and coalescence.

Figure 1. Schematical representation of the measurement set-up.

EXPERIMENT AND METHOD SET-UP
O/W emulsions as described in Schmitt et al. [1]. After complete
solubilization of 1.3 g NaCl in 12.7 g water, 2 g of Tween 20 were
added slowly under stirring until the solution was completely
transparent. While mixing with a spatula, 64 mL of alkane (C12 to
C16) were added carefully. This coarse emulsion was mixed for 3
minutes with an ultraturrax device.
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Figure 2. Example of µD as a function of time during thermal cycles

Accelerated stability test with thermal cycles
Example of highly stable creams

RHEOLASER CRYSTAL

Figure 3a shows the evolution of the relative height for each
alkane emulsion as a function of cycle number. C16 does not
show any significant variation of relative Area and is, therefore,
the most stable sample after 10 complete cycles. C15 and C14
show slightly more signal evolution. Finally, C12 and C13 can be
clearly differentiated as less stable with a significant signal
evolution. After only 8 hours of measurement, samples could be
ranked according to their stability as followed.

C16 > C15 > C14 > C13 > C12

Figure 3b shows the evolution of TSI (measured at 40°C with a
Turbiscan), whereas Figure 3c shows the evolution of the size
(measured by laser diffraction after diluting). The overall
evolution is similar, but on much longer time scales
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Figure 3. (a) Relative height evolution; (b) TSI at 40°C over 30 day; (c) Size evolution over 300 days after dilution.

Time gain with Rheolaser Crystal
Figure 4 shows the time gain in comparison to Turbiscan and size
measurement. For that, a detection threshold was fixed as TSI =1
for Turbiscan measurement and a size increase of 20% for laser
diffraction. The time gain can be up to 300 times in comparison
to size measurement and up to 30 times in regard to Turbiscan.

Size
measurement
Turbiscan

CONCLUSION
Rheolaser Crystal combines the
sensitivity of DWS with thermal cycles
- a method widely used in cosmetic applications to
evaluate the stability of solids and highly stable samples.
This method allows researchers to assess the stability in
an accelerated manner (some hours) by analyzing the
signal response to thermal stress.
An equal response is characteristic to stable products,
whereas a change indicates a microstructure evolution,
thus a destabilization.
Thermal cycles are a powerful method to
screen new formulations for
faster development

Figure 5. Time gain of Rheolaser Crystal stability evaluation with thermal
cycles in comparison to Turbiscan and size measurement
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