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Rheology solutions for cosmetics and personal care products

Rheological testing methods offer a comprehensive toolbox for the cosmetics industry to support new product 
development. They are particularly useful in improving processing conditions as well as for quality control of inter-
mediates and finished products. Customer expectations and consumer perception toward texture, spreadability and 
the general flow behavior can be assessed by easily measurable rheological parameters.

Rheological tests allow for the prediction of stability and the establishment of structure/property relationships. This can
be even more revealing when rheometry is used simultaneously with complementary analytical methods such as
microscopy or molecular spectroscopy.

Understand what to measure in your cosmetic formulation development and quality control and which tools are best to
do it. This collection of application notes, whitepapers and articles covers various aspects of optimizing final product
properties and processing via rheological measurements.
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HAAKE RheoWin software - features for 
quality control and routine measurements
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IntroductionIntroductionIntroductionIntroductionIntroduction
Rheology is used in more and more industries for product
development and quality control. A trend is to develop
standard operation procedures like it is common for
many other analytical methods. Standardized measuring
procedures are necessary to optimize product properties
and to determine possible qualitative fluctuations of a
product.

By determining the relevant rheological parameters,
relationships between structure, process behavior and
final product properties can be established. Quality
standards can be fulfilled and new products launched
on the market faster. This applies to many industrial fields
such as plastics and adhesives, paints and coatings,
personal care and detergents, foodstuffs or even build-
ing materials.

Rheological measurements provide information about
storage stability, processability or flow properties of
liquid and semi-solid formulations, which are essential
for quality control and further product development.

However, due to the increasing complexity of the
materials and the high performance requirements, it is
not always easy to develop the optimal testing method
for a particular application. In this context, a versatile
measurement and evaluation software can provide useful
support to both, beginners and experts in the field of
rheology, in order to establish and execute suitable
procedures. The Thermo ScientificTM HAAKETM RheoWinTM

is the instrument control and data evaluation software
for all Thermo ScientificTM HAAKETM rheometers and is
used to set up and run measurement procedures with
subsequent automatic data evaluation and report
generation.

The following article is intended to provide an overview
of the possibilities offered by the HAAKE RheoWin
software in order to be able to perform a comprehensive
and meaningful rheological characterization in quality
control.

General structure of the HAAKE RheoWin softwareGeneral structure of the HAAKE RheoWin softwareGeneral structure of the HAAKE RheoWin softwareGeneral structure of the HAAKE RheoWin softwareGeneral structure of the HAAKE RheoWin software
The HAAKE RheoWin software can be changed to 12
different languages with the touch of a button and
consists of three different modules:

••••• The HAAKE RheoWin JobManager for creating and
executing measurement and evaluation routines - so-

   called Jobs. The JobManager also allows for controlling
   all functionalities of the rheometer individually and out-
   side of complete measurement and evaluation routines.
••••• The HAAKE RheoWin DataManager for displaying and

further evaluating measured data. Different data sets
can be overlaid and compared. Graphic and table
layout can be formatted and data be transferred into
various formats.

••••• The HAAKE RheoWin UserManager for creating user
accounts of different levels and assigning specific
and individual user privileges.

In addition, the following optional software modules are
available for specific demands and applications:

••••• A CFR Part 11 tool to meet the requirements of US
FDA 21 CFR Part 11

••••• Additional modules for polymer analysis: Time Tempe-
   rature Superposition (TTS), generating relaxation
   spectra and the calculation of molecular weight
   distribution (MWD)
••••• Software module for interfacial rheology
••••• Software module for combination with FT-IR spectrometer

For creating Jobs with the HAAKE RheoWin JobManager,
predefined graphical elements are used (Fig. 1). These
elements cover all aspects of a complete standard
operation procedure, including:

••••• pre- and post experimental instrument settings
••••• experimental settings
••••• data evaluation
••••• data handling, export
••••• report creation
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Fig. 1: Fig. 1: Fig. 1: Fig. 1: Fig. 1: Graphical elements for creating measurement and evaluation
routines in the HAAKE RheoWin JobManager.

All elements can be selected quickly and comfortably
via a drag & drop method. All measurements and
evaluations can be carried out fully automatically in a
single Job sequence. A manual operation mode can be
used to perform rheological pre-tests or for gap setting
and temperature control outside a measurement and
evaluation routine.
The HAAKE RheoWin software allows for simultaneous
sample testing and data evaluation or multiple measure-
ments with different rheometers connected to the same
PC. Measurement results can be exported and stored
in various formats (ASCII, MS-Excel or PDF). The con-
nection to a laboratory information management system
(LIMS) is also possible.

Selected measuring and evaluation elementsSelected measuring and evaluation elementsSelected measuring and evaluation elementsSelected measuring and evaluation elementsSelected measuring and evaluation elements
for rheological characterization in quality controlfor rheological characterization in quality controlfor rheological characterization in quality controlfor rheological characterization in quality controlfor rheological characterization in quality control
and product developmentand product developmentand product developmentand product developmentand product development
Important product properties for consumers and manu-
facturers are for instance storage stability, viscosity,
yield stress, thixotropy or curing behavior. The deter-
mination of these rheological parameters allows for
improving product performance as well as for an effective
and reproducible evaluation during quality control.

How does a product react under stress or strain? How
do different additives, such as fillers or pigments affect
the properties of a material? Which thixotropic agent
and how much of it has to be added to a product in order
to maintain good flow properties or to prevent sagging
effects? How should a yield stress be adjusted in order
to ensure good shelf life and transportability of a product?
How quickly should a micro structure rebuild, after a
material was exposed to high shear?

These are just some of the many questions that product
manufacturers have to deal with over and over again.
The HAAKE RheoWin software provides evaluation
routines with the possibility of defining QC criteria for
many standard testing methods (Fig.2).
The following section presents selected options offered
by the HAAKE RheoWin software to perform effective
quality control test routines. The predefined measuring
and evaluation elements only have to be adapted to
the respective product and the corresponding quality
criteria have to be defined accordingly.

Reference curve with deviation toleranceReference curve with deviation toleranceReference curve with deviation toleranceReference curve with deviation toleranceReference curve with deviation tolerance
By using the reference curve element, new measuring
results can be compared with previous measurement

Interpolation with deviation toleranceInterpolation with deviation toleranceInterpolation with deviation toleranceInterpolation with deviation toleranceInterpolation with deviation tolerance
Interpolation is the calculation of a data point between
two measured values. An interpolation can be performed
automatically after a measurement (Fig. 4). Various
methods are available for this purpose. For the interpolat-
ed values, a deviation tolerance can be defined in the
HAAKE RheoWin software. Interpolated values need to
be inside the deviation tolerance in order for the sample
to pass the quality assessment.

Curve fittingCurve fittingCurve fittingCurve fittingCurve fitting
The HAAKE RheoWin software allows for performing
curve fitting with various mathematical and rheological
models (Fig. 5). Fitted curves can be extrapolated beyond
the range of measured data. After a curve fitting was
performed all calculated parameters are reported and
stored along with the measured data.

DeterDeterDeterDeterDetermination of the linearmination of the linearmination of the linearmination of the linearmination of the linear-viscoelastic range-viscoelastic range-viscoelastic range-viscoelastic range-viscoelastic range
Within the linear-viscoelastic range rheological para-
meters are independent of the applied stress or strain
value. The linear-viscoelastic range of a sample can be
determined by performing an oscillation amplitude
sweep at constant frequency. The HAAKE RheoWin
software allows for the automatic determination of the
linear-viscoelastic range from amplitude sweep data
(Fig. 6). The end of the linear-viscoelastic range is
reached at stress or strain values, where the rheological
parameters will start to change from a constant behavior.

Fig. Fig. Fig. Fig. Fig. 22222: : : : : Definition of Quality Control criteria in a measurement and
evaluation routine.

data (Fig.3). A reference curve can be either a fixed
data file or selected individually for every measurement
by the operator.
The tolerance by which the measured values may deviate
from the reference curve can be specified either as
percentage or absolute values. Furthermore, the deviation
tolerance be can set to either a linear or a logarithmic
scale.
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HAAKE RheoWin 4.69.0038

Which parameter is used for the evaluation (G’, G’’ Iη*I,
δ or tan δ) can be selected by the operator. The linear-
viscoelastic range can be determined either as a stress
or strain value. The HAAKE RheoWin software also
allows for the determination of the linear-viscoelastic
range according to the DIN 51810-2 standard procedure.

HAAKE RheoWin 4.69.0038

Fig. 3: Fig. 3: Fig. 3: Fig. 3: Fig. 3: Reference curve with deviation tolerance.

Fig. 4: Fig. 4: Fig. 4: Fig. 4: Fig. 4: Interpolation of a viscosity value at a defined shear rate.

Area under a measuring curveArea under a measuring curveArea under a measuring curveArea under a measuring curveArea under a measuring curve
The area under a measurement curve or a selected curve
section can be calculated by the HAAKE RheoWin
software (Fig.7). Upper and lower deviation tolerances
can be defined as a quality control criterion.
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Fig. 5: Fig. 5: Fig. 5: Fig. 5: Fig. 5: Curve fitting of viscosity data with the Carreau-Yasuda model.

HAAKE RheoWin 4.69.0038

HAAKE RheoWin 4.69.0038

Fig. Fig. Fig. Fig. Fig. 66666: : : : : Automatic determination of the linear-viscoelastic range from an amplitude sweep test.
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Thixotropic loop testThixotropic loop testThixotropic loop testThixotropic loop testThixotropic loop test
Thixotropy refers to a shear rate and shear time
depending decrease in viscosity of structured fluids.
In a thixotropic loop test, a sample is exposed to an
increasing followed by a decreasing shear rate ramp.
The apparent viscosity and the shear stress are record-
ed as a function of shear rate. The hysteresis area that

HAAKE RheoWin 4.69.0038

Fig. Fig. Fig. Fig. Fig. 77777: : : : : Calculating the area under a viscosity curve.

Fig. Fig. Fig. Fig. Fig. 88888: : : : : Determination of the hysteresis area for shear stress data from a thixotropic loop test.

forms between the up and the down curve is a measure
for the degree of thixotropy of the sample. When perform-
ing a thixotropic loop test, the HAAKE RheoWin software
can determine the hysteresis area automatically for the
viscosity or the shear stress data (Fig.8). Quality control
criteria with deviation tolerance can be defined.

HAAKE RheoWin 4.69.0038



5

Yield stressYield stressYield stressYield stressYield stress
The yield stress of a sample can be determined by
performing a shear stress ramp experiment where the
deformation is recorded as a function of the increasing
stress in a double logarithmic plot. At shear stresses
below the yield stress, the deformation will increase
linearly (slope of around 1 in a double logarithmic plot)
with increasing shear stress. When the shear stress is
approaching the yield stress the slope will increase and
the sample will start to flow. The yield stress evaluation
element in the HAAKE RheoWin software determines the
yield stress by means of two tangents that are applied
to the measuring curve. The intersection of these tangents

HAAKE RheoWin 4.69.0038

Fig. 9: Fig. 9: Fig. 9: Fig. 9: Fig. 9: Automatic determination of yield stress from shear stress ramp data with tangent intersection method.

is interpreted as the yield stress of the sample (Fig. 9).
QC criteria with a deviation tolerance can be defined.

Curve discussionCurve discussionCurve discussionCurve discussionCurve discussion
Two different elements for curve discussion are available
in the HAAKE RheoWin software. With the regular curve
discussion element minima, maxima, smallest, highest and
mean values of a measurement curve can be determined
(Fig.10). With the advanced curve discussion element ab-
solute and relative slopes, percentage of reference values
as well as the intersections of tangents applied to the mea-
sured data can be calculated (Fig. 11). For both curve dis-
cussion elements quality control criteria can be defined.

HAAKE RheoWin 4.69.0038

Fig. Fig. Fig. Fig. Fig. 1010101010: : : : : Determination of the greatest value for the shear stress with the curve discussion evaluation element.



6

HAAKE RheoWin 4.69.0038

Fig. Fig. Fig. Fig. Fig. 1111111111: : : : : Advanced curve discussion with G’ and G’’ data from a curing experiment.

Fig. Fig. Fig. Fig. Fig. 1212121212: : : : : Determination of the crossover of G’ and G’’ in a frequency sweep test.

HAAKE RheoWin 4.69.0038

CrossoverCrossoverCrossoverCrossoverCrossover
The crossover evaluation element determines the inter-
section point of the storage modulus G’ and the loss
modulus G“ curve from an oscillatory shear measurement.
These include amplitude, frequency, time and tempera-
ture sweep experiments (Fig. 12). Quality control criteria
with deviation tolerance can be defined.

Structure recoveryStructure recoveryStructure recoveryStructure recoveryStructure recovery
The structure recovery element provides information on
how quickly and how well the structure of a sample re-
covers after it was exposed to a high shear rate. A struc-
ture recovery test consists of three steps. In an initial
step the viscosity or complex viscosity of a material with
an intact structure is measured as a reference. The second

step is a high shear rate period to break down the micro-
structure of the sample. In the third step the applied
stress or strain signal is reduced to the initial value again
and the recovery of the sample after a high shear impact
is monitored. The structure recovery evaluation element
of the HAAKE Rheowin software compares the data from
the first and the third element to assess the recovery
(Fig. 13). The evaluation options include the absolute
change from the first to the end of the third step, relative
recovery after a defined period of time and a relative
recovery back to a defined percentage. Additionally,
the time until the crossover of G’ and G’’ occurs
(sample becomes predominantly elastic again) in the
recovery step can be detected automatically.
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Fig. Fig. Fig. Fig. Fig. 1313131313: : : : : Evaluation of the structure recovery after a sample was exposed to a high shear rate.

HAAKE RheoWin 4.69.0038

Creep recoveryCreep recoveryCreep recoveryCreep recoveryCreep recovery
Creep and recovery tests are the most direct way in
rheology to qualify and quantify the elasticity of a materi-
al. The experiment is divided into two segments. During
the first part, the creep, an instantaneous stress signal
is applied to the sample for a defined period of time.
In the second part, the stress is removed again and the
recovery of the sample is monitored. The response of the
sample is a deformation curve with a shape depending

on both, the amount of stress applied by the rheometer
and the microstructure of the sample.
The creep and recovery evaluation element allows for an
automatic and comprehensive creep analysis (see Fig. 14).
Parameters like the zero shear viscosity, recoverable
deformation or equilibrium compliance can be extracted
from the creep and recovery curves. Quality control
criteria with deviation tolerance can be defined for the
different evaluation parameters.

HAAKE RheoWin 4.69.0038

Fig. 14: Fig. 14: Fig. 14: Fig. 14: Fig. 14: Analysis of a creep and recovery test.
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SummarySummarySummarySummarySummary
The HAAKE RheoWin software enables a comprehensive
rheological characterization of liquid, semi-solid and
solid materials. Users can quickly and easily create
suitable measurement procedures for various products
and applications. A broad range of data evaluation
routines allow for an automatic data analysis and the
integrated QC criteria for a convenient operation in
Quality Control.

www.thermofisher.com/rheometers
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The rheological behaviour of shampoos -
What makes a product acceptable for a
specific target customer?
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IntroductionIntroductionIntroductionIntroductionIntroduction
Shampoos are based on complex systems of surfactants
having the function to cleanse the hair. Because of their
everyday use it is not surprising that the shampoo market
comprises approx. 12% of the total personal-care indus-
try [1]. These products are complex systems consisting
of about 80 wt.% water, 10wt.% surfactants, 5wt.%
viscosity modifiers, 2wt.% preservatives, fragrances and
colorants and about 3wt.% of performance additives [2].

Few things are more important to customers than using
a thick (rich) shampoo product correlating this directly with
value and concentration. A shampoo is not only expected
to be easy to use but to meet also sensory criteria that
will appeal to the customer. One main rheological para-
meter that correlates with the thickness and flow proper-
ties of a shampoo is the viscosity. The viscosity affects
both the cleansing efficiency and the user perception of
a shampoo product. In addition to that it also influences
the foaming properties, production filling, packaging,
storage and long-term stability of the product. Viscosity
is a quite important parameter! As was mentioned already,
customer perception is one of the most important para-
meters, however who is the customer and what does he
expect? The three different customer groups Female,
Male and Children (Infants) have different views on the
same product class because they usually put different
amounts of energy into a shampoo when they i.e.,
squeeze it out of the bottle or distribute it on themselves.
This is due to the fact that the different processes will
happen at different stress levels (as the customer groups
apply different forces) and thus result in different shear
rates. As no customer wants to experience the viscosity
the product has at rest (rich and creamy) when they
actually use the product, a shampoo has to be a non-
Newtonian or to be more precise shear-thinning fluid. To
induce non-Newtonian flow and thus modify the flow be-
haviour towards the specific customer groups, water-
soluble polymers are used as modifiers.

This contribution is to show how products for those different
customer groups differ rheologically and how easy it is to
absolutely determine the parameter viscosity with the help
of the Thermo ScientificTM HAAKETM ViscotesterTM iQ
rheometer.

Methods and materialsMethods and materialsMethods and materialsMethods and materialsMethods and materials
Three different commercial shampoos have been tested
on the Thermo Scientific HAAKE Viscotester iQ at room
temperature with 35 mm plate/plate geometries (see
Figure 1). One of them was a shampoo for men, one for
women and one for children (infants).

After carefully filling the shampoo on the lower plate and
manually adjusting the measuring head to a predetermined
gap of 1 mm the testing procedure was conducted as
can be seen in Figure 2.

With the described procedure the shampoo products have
been tested in a shear rate range of 1 to 100 1/s, the
results can be seen in Figure 3.
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Fig. 3: Fig. 3: Fig. 3: Fig. 3: Fig. 3: Viscosity as a function of shear rate for three different shampoos at RT.

HAAKE RheoWin 4.41.0000

Results and discussionResults and discussionResults and discussionResults and discussionResults and discussion
As can be seen in Figure 3 the rheological fingerprint for
the three products is quite different. At low shear rates
around 1 1/s the shampoo for men and the shampoo for
children (infants) have about the same viscosity of about
12 Pas. The shampoo for women has a considerably lower
viscosity of about 7.5 Pas. Male customers usually want
to have an even richer (higher viscous) product than female
customers that prefer slightly “creamier“ (lower viscous)
products. For child products more functional aspects have
to be taken into account as a child usually does not choose
a shampoo according to its viscosity. However, the parents
that buy the product intuitively “know“ that a high viscous
product will stay longer in the child’s hand when using it
in the bathtub.

When applying higher shear rates the behaviour differs
between the products. Whereas the “male“ product goes
into non-Newtonian flow directly because of the higher
molecular weight polymer additives that have been used
in formulation to achieve a higher base viscosity, the
“female“ and “child“ product show Newtonian plateaus.
However whereas the “female“ product leaves Newtonian
flow at around 4 1/s to achieve lower viscosities when
being used the “child“ product maintains a constant visco-
sity for much longer (up until about 20 1/s) so that less
product is lost before starting in the washing process.

Right now many users of viscometers, especially in an
industrial QC/QA environment, are working with concentric
cylinder measuring geometries (“cup and bob“). However,
the use of plate/plate measuring systems is preferable
because less sample volume is needed. This directly leads
to two main advantages, namely that cleaning will be
easier and temperature control will be faster. However do
both measuring geometries yield the same result? To
answer that question, Figure 4 shows the resulting visco-
sity for the “soft“ shampoo measured at room tempe-
rature with the concentric cylinder system CC25Din in
comparison to a 35 mm plate/plate geometry.

Fig. 2:Fig. 2:Fig. 2:Fig. 2:Fig. 2: HAAKE RheoWin Measuring Routine to determine the viscosity
as a function of shear rate on the Thermo Scientific HAAKE
Viscotester iQ.
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ConclusionConclusionConclusionConclusionConclusion
Determining the viscosity of a shampoo (or shower gel
etc.) formulation is of utmost importance to understand if
a product meets customer expectation. Additives have to
be chosen wisely to formulate a product for a specific
customer group. The Thermo Scientific HAAKE
Viscotester iQ rheometer is a powerful tool to let you
conduct those tests easy and reproducible, no matter if
you test with concentric cylinders or plate/plate geometries.

LiteratureLiteratureLiteratureLiteratureLiterature
[1] Drug Chain Review, 22, 2, 2000, 15-18
[2] H. Leidreiter, U. Maczkiewitz, Utilizing Synergistic
      Effects in Surfactant Mixtures, Th Goldschidt AG,
     1996, Essen

As can be seen in Figure 4, the measured viscosity is the
same, independent of the measuring geometry.

HAAKE RheoWin 4.41.0000

www.thermofisher.com/rheometers
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How much squeezing power is required to get
the toothpaste out of the tube?
Yield stress determination
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IntroductionIntroductionIntroductionIntroductionIntroduction
Toothpastes are viscoelastic products with a paste-like
texture well know in everyday’s life. They have a complex
structure including many components influencing the rheo-
logical properties such as abrasives to support the mecha-
nical cleaning effort of the toothbrush, moisture agents to
prevent a drying out of the toothpaste as well as binding
agents to prevent the phase separation between the liquid
and the solid. Rheology plays an important role in the
product development of toothpaste, the production, the
filling and  packaging processes as well as in fulfilling the
expectation of a consumer target group [1].

This article will focus on the importance of the yield stress
of different toothpastes. The yield stress characterizes the
amount of force that it takes to break down the initial
structure of the product and get the fluid moving. Squeez-
ing is required to get the toothpaste out of the tube. There
must be enough squeezing power to overcome the yield
stress in the material. Two different toothpastes – one for
adults and one for children – have been selected for this
investigation. For the measurement and evaluation the
preferred method described in [2] was applied.

Methods and materialsMethods and materialsMethods and materialsMethods and materialsMethods and materials
For the measurements the Thermo ScientificTM HAAKETM

ViscotesterTM iQ rheometer was used. This instrument
equipped with an EC motor enables a variety of test
methods in controlled rate (CR) and controlled stress (CS)
mode in a broad measuring range. As temperature control
unit a self-contained Peltier module was used, which ena-
bles a fast and reliable temperature control in the range
between -5 °C and 160 °C. The tests were carried out by
using a parallel plate measuring geometry with a diameter
of 35 mm. To avoid slippage a measuring geometry with
serrated surface has been selected. The lower measuring

Key wordsKey wordsKey wordsKey wordsKey words
Crude oil, viscosity, temperature dependency,
wax deposition

plate matches the upper plate in diameter and appearance
and therefore ensures ideal measuring conditions and an
optimal sample filling [3]. Other advantages of this geometry
are a small sample volume, shorter time for temperature
equilibrium and reduced cleaning effort. In addition a sample
cover was put over the filled measuring geometry to mini-
mize the evaporation and the temperature gradient within
the sample.

Samples and preparationSamples and preparationSamples and preparationSamples and preparationSamples and preparation
One toothpaste for adults and one for children have been
selected for the test described in the following report. At
the beginning of the test a small amount of the sample
was squeezed out of the tube and placed in the middle of
the lower exchangeable plate. The upper plate was moved
down to the measuring gap. The squeezing and gap filling
procedure corresponds to a pre-shearing of the sample
and a compromise has to be found for the waiting time
which the sample needs to relax from the applied stress
and other effects which influence the rheological behavior
of the sample such as evaporation.
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HAAKE RheoWin software and alternativeHAAKE RheoWin software and alternativeHAAKE RheoWin software and alternativeHAAKE RheoWin software and alternativeHAAKE RheoWin software and alternative
operationoperationoperationoperationoperation
There are different options to operate the HAAKE
Viscotester iQ rheometer.
On one hand the fully software controlled operation using
the Thermo ScientificTM HAAKETM RheoWinTM software
enables the maximum on flexibility regarding the definition
of the measuring and evaluation routine. The following
test procedure has been used for the investigation: after
a waiting time of 5 minutes for temperature control at 20 °C
a logarithmical CS ramp in a shear stress range between
20 Pa and 400 Pa was measured within 180 s and 180
data points were measured. A breakup criteria was included
in the job to stop the measurement at a deformation higher
than 20. The resulting deformation of the sample was plot-
ted as a function of the applied stress in a double loga-
rithmic plot. According to the tangent cross-over method,
the yield stress is the point of intersection of two straight
lines fitted to the two regimes with different slopes, namely
the creep regime and the regime of flow.

Fig. 2:Fig. 2:Fig. 2:Fig. 2:Fig. 2: HAAKE Viscotester iQ used as a standalone unit with internal
measuring procedures, HAAKE Viscotester iQ RheoApp for extended
measuring capabilities.

Fig. 3:Fig. 3:Fig. 3:Fig. 3:Fig. 3: Deformation as a function of stress for two different toothpastes (20 °C, 35 mm parallel plate measuring geometry with serrated
surface, 1 mm measuring gap). The yield stress is calculated as the point of interception of the two tangents fitted on the manually chosen
ranges of the elastic deformation and the viscous flow.

Alternatively, the rheometer can be used as a standalone
unit with internal measuring routines (Fig. 2) especially
recommended for standardized measuring and evaluation
routines.

Results and discussionResults and discussionResults and discussionResults and discussionResults and discussion
The measuring curves of the adult toothpaste and the
children’s product are shown in Fig. 3. Two curves for each
sample are included to demonstrate the high level of re-
producibility. The yield stress values are summarized in
Tab. 1. As expected the yield stress of the children tooth-
paste is with a value of approximately 55 Pa much lower
than the adult product with an average of 215 Pa.

TTTTToothpaste sample     Yoothpaste sample     Yoothpaste sample     Yoothpaste sample     Yoothpaste sample     Yield strield strield strield strield stress     Deforess     Deforess     Deforess     Deforess     Deformationmationmationmationmation
   [Pa   [Pa   [Pa   [Pa   [Pa]]]]] [-[-[-[-[-]]]]]

Children product meas. no 1      55.4 0.21
Children product meas. no 2      55.6 0.27
Adults product meas. no 1      210 8.64
Adults product meas. no 2      222             10.61

TTTTTable 1: The yield strable 1: The yield strable 1: The yield strable 1: The yield strable 1: The yield stress valuesess valuesess valuesess valuesess values

Two versions of yield stress evaluation are available in the
HAAKE RheoWin software: the automatic routine and the
manual mode (Fig 4.). Using the HAAKE Viscotester as a
standalone unit only the automatic evaluation routine is
available.

Fig. 4:Fig. 4:Fig. 4:Fig. 4:Fig. 4: HAAKE RheoWin software element for the yield stress deter-
mination in CS mode: automatic or manual mode.

HAAKE RheoWin 4.41.0006
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The manual routine gives more flexibility in finding the correct
value for the yield stress. The range in which the yield stress
is is normally well visually detectable and the measuring
ranges for the fit of the linear ranges can be selected.
This mode has been used for the calculation of the yield
stress values presented in Tab. 1. However, the yield stress
strongly depends on sample preparation, the measuring
routine itself but also on the evaluation procedure. Fig. 5
includes a comparison between both modes on a children
toothpaste.

ConclusionConclusionConclusionConclusionConclusion
The determination of the yield stress is an important rheo-
logical parameter to understand if a toothpaste meets the
expectation of the customer target group. The yield stress
strongly depends on the sample history and preparation,
the measuring conditions and method as well as the
evaluation routine.

Fig. 5:Fig. 5:Fig. 5:Fig. 5:Fig. 5: Yield stress evaluation using the automatic mode (61.68 Pa, green line) and the manual mode (55.39 Pa, red line)

HAAKE RheoWin 4.41.0006

The HAAKE Viscotester iQ is a compact rheometer focus-
ing on modern QC demands. The modular design enables
an adaptation to individual needs thanks to a broad range
of accessories. Quick coupling and recognition of the
temperature module as well as the measuring geometry
in combination with an intuitive instrument concept with a
smart lift function, guarantees smooth handling. The HAAKE
Viscotester iQ is the instrument of choice as stand-alone
unit for standard measuring and evaluation routines or as
fully software controlled version with the HAAKE RheoWin
software for highest measuring flexibility.
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Performing quality control (QC) tests on cosmetic
emulsions with the HAAKE Viscotester iQ rheometer
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IntroductionIntroductionIntroductionIntroductionIntroduction
The formulation of a cosmetic product can be quite com-
plex and will vary depending on the active ingredients. Still,
the customer expects a cream from a certain product
range always to have the same texture, no matter the
particular ingredients like for example aloe vera, lemon
grass or milk and honey. Subsequently, one of the challeng-
es when formulating a cosmetic product is to achieve the
texture the customer expects or desires. Testing the rheo-
logical properties of a cosmetic emulsion therefore is an
essential part of such a product’s quality control (QC).

Typical rheological parameters tested for cosmetic emulsion
are the shear viscosity η, the thixotropic behaviour and
the yield stress τ0. The viscosity is related to various product
properties depending on the shear rate range in question.
For example, the feel of a cream when rubbing it into the
skin is linked to the viscosity at higher shear rates, while
the storage stability is related to its viscosity at low shear
rates.

The yield stress of an emulsion is important for the storage
stability and the look and feel of the product. A cream
sold in a pot will have higher yield stress because the cus-
tomer expects to be able to take a bit of cream out of
the pot with his finger. A body lotion is filled in bottles and
the customer expects a liquid-like behaviour. Thus this
products needs to have a relatively low yield stress.

To be able to test these different rheological parameters,
a QC viscometer needs to offer a variety of test methods
and a broad measuring range. To make rheological tests
in QC easier and more reliable, the Thermo ScientificTM

HAAKETM ViscotesterTM iQ rheometer has been developed.
This unique viscometer has some features especially design-
ed for QC applications. For example, due to its improved
sensitivity it is possible to use smaller cylindrical measuring
geometries and even parallel plate geometries, thus
reducing sample volume, time required for temperature
equilibration and cleaning effort.

Methods and materialsMethods and materialsMethods and materialsMethods and materialsMethods and materials
A soft cream and a body lotion have been selected for the
test described in this report. To reduce the damage to the
emulsion’s structure during sample loading, the tests were
carried out using a 35 mm parallel plate geometry with a
1 mm gap. Compared to a cylindrical measuring geometry
this reduces the sample volume to about 1 ml and helps
saving time by allowing much easier cleaning of the geo-
metry after each test.

Before the tests a small amount of sample was placed
onto the lower exchangeable plate sitting on the Peltier
temperature control unit of the HAAKE Viscotester iQ. The
upper plate was lowered carefully by hand down to the
measuring gap in order to minimize the preshearing of the
samples. Finally a sample cover was put over the closed
measuring geometry to improve temperature control and
to minimize evaporation.

The HAAKE RheoWin JobThe HAAKE RheoWin JobThe HAAKE RheoWin JobThe HAAKE RheoWin JobThe HAAKE RheoWin Job
After lowering the upper plate, the HAAKE Viscotester iQ
rheometer was operated using the Thermo ScientificTM

HAAKETM RheoWinTM software.
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Fig. 3: Fig. 3: Fig. 3: Fig. 3: Fig. 3: Shear rate profile for the so-called “thixotropy loop“ consisting of an up ramp, a peak hold time at the maximum shear rate and a down ramp.

The first part of the HAAKE RheoWin job is the sample
conditioning. For the emulsions tested here it simply con-
sists of a waiting period to give the samples enough time
to relax the mechanical stress from sample loading and
to bring it to the test temperature. Even though it is “just“
a waiting period, the sample conditioning should always be
part of the test method itself to ensure that it is not forgotten
and always performed in the same way, which improves
the reproducibility of the results.

The next part of the HAAKE RheoWin job is the rheolo-
gical test itself. The last part usually consists of the data
evaluation, the generation of a report and its printout or
export if required.

Results and discussionResults and discussionResults and discussionResults and discussionResults and discussion
The viscosity is best tested by recording the steady-state
viscosity curve i.e. the steady-state viscosity as a function

of shear rate. Compared to transient viscosity data from
shear rate ramps, the steady-state viscosity is independent
from time-dependent effect and the slope of the shear
rate ramp. For comparison of viscosity data the steady-
state viscosity is the best choice, because it is independent
of the instrument used and can be correlated with the
shear rate applied.

Within the almost four orders of magnitude in shear rate
covered during the test, both viscosity curves displayed
in Figure 2 show a pronounced shear thinning behaviour.
As expected, the soft cream has the higher viscosity at low
shear rates but it also shows the stronger shear thinning.
Within the range of these measurements, the viscosity of
the soft cream drops by a factor of almost 500, while the
viscosity of the body lotion only drops by a factor of 120.

Fig. Fig. Fig. Fig. Fig. 22222::::: Viscosity curves (red) and flow curves (blue) of a soft cream (open symbols) and a body lotion (filled symbols). The soft cream shows
the higher viscosities and the stronger shear thinning.

HAAKE RheoWin 4.41.0006

HAAKE RheoWin 4.41.0006
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Fig. 4: Fig. 4: Fig. 4: Fig. 4: Fig. 4: Results of the thixotropy test for soft cream (open symbols) and body lotion (filled symbols). The soft cream shows a thixotropic behaviour,
indicated by the clear difference between the up and down part of the flow curve. The up and down curve for the body lotion are identical,
thus the sample is not thixotropic.

Extrapolating both viscosity curves to higher shear rates
predicts that the viscosity of both products will be identical
at approximately 2000 s-1. This similarity is not accidental
because rubbing a cream or lotion into the skin happens
in that range of shear rate and the viscosity, which is felt
as being pleasant on the skin, is of course the same for
both products.

ThixotropyThixotropyThixotropyThixotropyThixotropy
In QC, the thixotropic behaviour is usually tested with the
so-called “thixotropy loop“. The advantage of this test
method is the short time the test takes compared to other
commonly used methods.

The test consists of 3 elements: A shear rate ramp from
0 s-1 up to the maximum shear rate (in this case 200 s-1),
an element keeping the maximum shear rate constant over
some time and a second shear rate ramp going back to
0 s-1 (Figure 3). Usually the durations of the up ramp and
down ramp are identical. The time for the constant shear
element should be long enough for the sample to reach a
constant viscosity before starting the down ramp.

The results of these tests are evaluated by calculating the
area between the flow curves from the up ramp and the
down ramp. The bigger the area, the stronger the
thixotropy of the sample.

One important fact to keep in mind: the result of this test
depends on the test parameters, i.e. the maximum shear
rate and the slope of the ramps. Only if the shear rate profile
(like e.g. shown in Figure 3) is kept the same, results from
different tests can be compared.

Running this test on both samples gave a significant differ-
ence in the results. While the soft cream clearly showed a
thixotropic behaviour (Figure 4, open symbols), the body
lotion showed no thixotropy at all.

HAAKE RheoWin 4.41.0006

Yield stressYield stressYield stressYield stressYield stress
If a material has a yield stress, it behaves like an elastic
solid when exposed to a shear stress below the yield stress
and like a viscous liquid when the stress applied is higher
than the yield stress. Therefore, the recommended method
to test, whether a sample has a yield stress and at which
stress value it appears, is a linear continuous increase of
the applied stress [1].

For the evaluation of the test results, the deformation of
the sample is plotted as a function of the stress applied.
For the determination of the yield stress, only the first dis-
continuity in the deformation curve can be used. Similar
points at higher stresses are related to other changes of
structure in the sample. Straight lines are fitted to the linear
parts (in the double logarithmic plot) of the deformation
curve below and above the first discontinuity. The yield
stress is calculated from the point of intersection of these
two straight lines (Figure 5).

With this method, data below as well as above the yield
stress is recorded. Thus, no extrapolation is needed, which
increases the reproducibility and reliability of calculated
value for the yield stress considerably.

While the body lotion showed no yield stress within the
range of measurement, the soft cream showed a distinct
yield stress of 110 Pa (Figure 5).

ConclusionConclusionConclusionConclusionConclusion
The HAAKE Viscotester iQ rheometer is a compact instru-
ment with the right combination of sensitivity and strength
to successfully test a wide range of samples with different
QC methods in controlled rate (CR) or controlled stress (CS)
mode. The sensitivity of the instrument allows covering a
wide range of shear rates with only one measuring geometry.
For cosmetic emulsions, the parallel plate geometry proved
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to be particularly useful since its use reduces the stress on
the sample during sample loading. In addition, it significantly
reduces the time between tests due to a much simpler
and therefore faster cleaning procedure.

The very good quality of the results shown in this report is
an excellent base for a reliable data analysis with a variety
of available methods and models.

ReferenceReferenceReferenceReferenceReference
[1] DIN Technical Report No. 143 of the NPF/NAB-AK 21.1
    “Rheology“ (Pigments and extenders)

Fig. 5:Fig. 5:Fig. 5:Fig. 5:Fig. 5: Deformation as a function of stress for the soft cream sample. The yield stress is calculated as the point of interception of the two
green tangents, marking the transition from elastic deformation to viscous flow.

HAAKE RheoWin 4.41.0006
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Investigating the viscoelastic behavior of cosmetic
emulsions by performing creep and recovery tests
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IntroductionIntroductionIntroductionIntroductionIntroduction
Understanding the complex flow and deformation beha-
vior of cosmetic emulsions helps to design and optimize
final products, to meet the consumer expectations in
terms of appearance and behavior during application.
Rotational rheometers are the ideal instruments to inves-
tigate the rheological properties of liquid and semi-
solid formulations. Rheological tests can also be used
to simulate processing condition to make production
more efficient as well as to assess product stability and
shelf life behavior.

For complex materials, like for instance all types of dis-
persed systems, we differentiate in general between
their viscous and elastic properties. Both contribute to
the overall flow and deformation behavior and the per-
ception of a material during application. A various number
of test methods are available to measure the response
of a material to an external mechanical excitation.

Theoretical backroundTheoretical backroundTheoretical backroundTheoretical backroundTheoretical backround
Creep and recovery tests are the most direct way in
rheology to qualify and quantify the elasticity of a ma-
terial. The experiment is divided into two segments.
During the first part, the creep, an instantaneous stress
signal is applied to the sample for a defined period of
time. In the second part, the stress is removed again
and the recovery of the sample is monitored. The res-
ponse of the sample is a deformation curve with a shape
depending on both, the amount of stress applied by the
rheometer and the microstructure of the sample. For pure
viscous and pure elastic materials the results of a creep
and recovery experiment are shown in Figures 1a and b,
respectively.

For a pure viscous material the deformation increases
linearly over time as long as a constant stress signal is
applied. The constant slope of the deformation signal
indicates steady shear conditions over the entire creep
phase.

Fig. 1:Fig. 1:Fig. 1:Fig. 1:Fig. 1: Behavior of a pure viscous (a) and a pure elastic (b) material
in a creep and recovery test.

Once the stress is removed from the viscous sample the
deformation signal will remain constant and no back-
deformation is observed (Fig. 1a). All kinetic energy
brought into the material during the creep phase dissi-
pates into heat energy and is not stored in the material.
The viscous material does not show any elastic response.
The other extreme behavior is the one of a completely
elastic material. When neglecting all effects caused by
the instrument and sample inertia, this type of material
shows an instantaneous and constant deformation once
a constant stress is applied.
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In the recovery phase the deformation jumps back to
zero (Fig. 1b). The back-deformation is a result of the
elasticity of the material. All energy is stored inside
the material and released again once the stress is
removed.

Most complex materials do not behave like an either
purely viscous fluid or a purely elastic solid. They exhibit
both, viscous and elastic behavior. The degree of the
two components depends on the characteristics of the
sample as well as the magnitude of applied stress. The
results of a creep and recovery test with an ideal visco-
elastic sample are shown in Figure 2.

The deformation curve can be divided into different sec-
tions. During the creep part the viscoelastic material
shows an instantaneous increase in deformation as a
first response. This can be assigned to initial elastic
stretching of the structural units of the sample. The
second part is a viscoelastic response, where first
changes to the microstructure are occurring. Once all
elastic components are fully stretched, a steady state
flow with a linear increase of the deformation signal over
time is observed. When the stress is removed an instan-
taneous elastic back deformation, followed by a delayed
viscoelastic deformation is observed. After a certain
period of time a constant value is reached and the
sample is fully recovered again. As shown in Figure 3,
the total deformation of the material during the creep
phase can be separated into two categories: the re-
coverable deformation γR and the non-recoverable defor-
mation γNR

.  The more elastic a material behaves, the
more recoverable deformation can be observed during
the recovery part. It is important to note that percentage
of recoverable deformation (in comparison to the total
deformation) for a viscoelastic sample will decrease
the longer the duration of the steady state flow during
the creep period. A more absolute measure of the total
elasticity of a material is the so called equilibrium
compliance Je. The equilibrium compliance is the ratio
of the recoverable deformation and the applied stress
during the creep phase:

Je = γγγγγR / τ                                                       τ                                                       τ                                                       τ                                                       τ                                                       [1]

Fig. Fig. Fig. Fig. Fig. 22222: : : : : Behavior of an ideal viscoelastic material in a creep and
recovery test.

Materials and methodsMaterials and methodsMaterials and methodsMaterials and methodsMaterials and methods
In order to measure the recoverable deformation of a
material correctly, a rheometer with a low friction bearing
should be used. Instruments with a mechanical bear-
ing will in general show a too low recoverable deformation
since some of the energy stored inside the sample is
needed to overcome the internal friction of the rheometer.
This is especially true for materials that exhibit a very
fragile structure and only low elasticity.

The results presented in this report were obtained using
the Thermo ScientificTM HAAKETM ViscotesterTM iQ Air
rheometer in combination with a Peltier temperature
control unit for parallel plates and cone & plate geomet-
ries (Figure 3). Several creep and recovery tests were
performed on a commercially available soft cosmetic
emulsion. A 60 mm 1° degree cone measuring geometry
was used for all measure-ments. All tests were perform-
ed at 20 °C. Creep and recovery tests were performed
at different shear stresses during the creep period.
Five values have been selected: 4, 6, 8, 10 and 12 Pa.
The duration of the creep and the recovery parts was kept
constant at 100 s and 200 s, respectively. An example
for a job (procedure) setup for a creep and recovery
test with the Thermo ScientificTM HAAKETM RheoWinTM

Job Manager is shown in Figure 4.

Fig. Fig. Fig. Fig. Fig. 33333: : : : : HAAKE Viscotester iQ Air with Peltier temperature control.
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Fig. 4: Fig. 4: Fig. 4: Fig. 4: Fig. 4: Thermo Scientific HAAKE RheoWin routine for a creep
and recovery test including data evaluation.

Fig. 5: Fig. 5: Fig. 5: Fig. 5: Fig. 5: Creep and recovery test with cosmetic emulsion at different shear stress.

Results and discussionsResults and discussionsResults and discussionsResults and discussionsResults and discussions
The results of creep and recovery tests with the cosmetic
emulsion performed with different stresses are shown in
Figure 5. It can be seen, that the sample behaves like
a viscoelastic material with an instantaneous deformation
(elastic response) once the stress is applied followed by
a delayed viscoelastic deformation. When the stress is
removed the sample generates a back deformation due
to its elasticity and the energy stored during the creep
period. It can be seen that the percentage of recover-
able deformation is decreasing with increasing shear
stress. Table 1 reports the numerical values of percentage
of recoverable deformation as directly calculated by the
RheoWin creep and recovery evaluation routine.

HAAKE RheoWin 4.62.0003

Shear stress duringShear stress duringShear stress duringShear stress duringShear stress during   Percentage recoverable  Percentage recoverable  Percentage recoverable  Percentage recoverable  Percentage recoverable
creep phase (Pa)creep phase (Pa)creep phase (Pa)creep phase (Pa)creep phase (Pa)   deformation (%)  deformation (%)  deformation (%)  deformation (%)  deformation (%)
 12    23.78

 10    53.13

 8    70.77

 6    79.80

 4    76.67

TTTTTable 1: able 1: able 1: able 1: able 1: PerPerPerPerPercentage of rcentage of rcentage of rcentage of rcentage of recoverable deforecoverable deforecoverable deforecoverable deforecoverable deformationmationmationmationmation
for different stresses during the creep phase.for different stresses during the creep phase.for different stresses during the creep phase.for different stresses during the creep phase.for different stresses during the creep phase.

For a better comparability of the different runs and to
identify major changes in the deformation behavior it is
helpful to plot the compliance instead of deformation
as a function of time. The compliance is defined as the
ratio of the deformation, γ and the applied stress, τ:

J = γ / τ [2]

Such a plot is shown in Figure 6.
It can be seen that the results of the experiments with
a shear stress of 4 and 6 Pa overlay in the compliance
versus time plot. This behavior is indicating that the
applied stresses in the creep phase are still below the
yield stress τ0 of the tested material. The yield stress is
considered the minimum shear stress required to over-
come elastic deformation of a material and to generate
flow. Above the shear stress of 6 Pa the curves are
differing and at 12 Pa a clear linear increase of comp-
liance over time occurs. This is indicating that the yield
stress of the sample is exceeded and flow is induced.

The equilibrium compliances values as directly calculated
by the RheoWin software are shown in Table 2.
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Fig. Fig. Fig. Fig. Fig. 66666: : : : : Creep and recovery test with cosmetic emulsion with different shear stress values during the creep phase.

Shear stress duringShear stress duringShear stress duringShear stress duringShear stress during           Equilibrium complianceEquilibrium complianceEquilibrium complianceEquilibrium complianceEquilibrium compliance
creep phase (Pa)creep phase (Pa)creep phase (Pa)creep phase (Pa)creep phase (Pa)           (1/Pa)(1/Pa)(1/Pa)(1/Pa)(1/Pa)
 12    0.01683

 10    0.01702

 8    0.01628

 6    0.01156

 4    0.01109

TTTTTable able able able able 22222: : : : : EquilibrEquilibrEquilibrEquilibrEquilibrium compliance for difium compliance for difium compliance for difium compliance for difium compliance for differferferferferententententent
stresses during the creep phase.stresses during the creep phase.stresses during the creep phase.stresses during the creep phase.stresses during the creep phase.

At shear stresses of 6 and 8 Pa the values of the equi-
librium compliance are smaller than at higher stresses.
This is probably due to the fact that at the low shear

HAAKE RheoWin 4.62.0003

stresses the duration of the creep phase was not long
enough to reach the steady state and the elastic com-
ponents of the sample were not fully stretched yet. On
the opposite, at the higher stresses the duration of the
creep phase was long enough to reach steady state flow
and the calculated values of the equilibrium compliance
are, within a certain tolerance, independent of the
applied stress.

A standard determination method of the yield stress
consists in performing a stress ramp experiment. In this
test a linearly increasing shear stress is applied and
the deformation of the sample is monitored over time.
The result of the stress ramp experiment with the same
cosmetic emulsion used for the creep and recovery
tests is shown in Figure 7.

HAAKE RheoWin 4.62.0003

Fig. Fig. Fig. Fig. Fig. 77777: : : : : Stress ramp test with yield stress determination according to tangent method for cosmetic emulsion.
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Fig. Fig. Fig. Fig. Fig. 88888: : : : : Viscosity as a function of shear stress for cosmetic emulsion with determination of maximum viscosity.

The deformation stress curve shows 3 distinct regions.
In the first region (i.e. below the yield stress) the sample
is deformed elastically by the applied stress. Here the
slope of the deformation stress curve is not much larger
than 1 in the double logarithmic plot. As the stress in-
creases and approaches the yield stress of the sample,
the deformation starts to change more rapidly and the
slope increases. At higher shear stresses a second
linear region with a higher slope is observed. Here the
sample is flowing. A common way to calculate the yield
stress using the data collected during a shear stress
experiment is the tangent method. The yield stress
corresponds to the stress value at the intersection of
the tangents to the two linear regions. The yield stress

of the cosmetic emulsion according to this method is
around 12 Pa. This value is higher than the yield stress
estimated from the creep and recovery tests. This
difference can be explained by the fact that the inter-
section of the tangents generates a value which falls
into the transition region where the materials behavior
is not entirely elastic anymore. The true onset of flow
can be obtained when plotting viscosity versus shear
stress as shown in Figure 8.

The viscosity curve shows a maximum at 5.5 Pa. In
Figure 9 the viscosity data were plotted together with
the deformation data on the same graph.

HAAKE RheoWin 4.62.0003

Fig. Fig. Fig. Fig. Fig. 99999: : : : : Viscosity as a function of shear stress for cosmetic emulsion with determination of maximum viscosity.

HAAKE RheoWin 4.62.0003
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It can be observed that the maximum in viscosity
occurs when the deformation enters the transition range.
This stress value is in good agreement with a yield stress
of 6 Pa derived from the creep and recovery tests.

ConclusionsConclusionsConclusionsConclusionsConclusions
It was demonstrated that the HAAKE Viscotester iQ Air
can be used to perform creep and recovery tests even
on weakly structured viscoelastic samples. Creep and
recovery tests are not only a useful rheological method
to differentiate and quantify the viscous and elastic
properties of a material but can also be used to
measure yield stresses very accurately.

www.thermofisher.com/rheometers
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Product stability or shelf-life -
What rheology has to do with it
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IntroductionIntroductionIntroductionIntroductionIntroduction
Whenever two-phase systems like emulsions, suspensions
or foams are used one of the most important questions
is their long-term stability crucially important for example
for a product’s shelf-life. Depending on how much the 2
phases differ in density and chemical nature, it takes special
preparation steps and/or additives to ensure a stable
product.

Phase separation happens when one phase migrates
through the other phase e.g. due to gravity or buoyancy.
The flow behaviour of both phases is essential for the
understanding of this process. A modification of at least
one phase’s flow behaviour can be used to reduce or
suppress the phase separation.

To avoid e.g. sedimentation, the viscosity at low shear rates
has to be high to slow down the sedimentation process.
To stop the phase separation completely a yield stress can
be introduced into the product either by selecting suitable
components or by using suitable additives. Subsequently,
rheology is one of the most important methods when
formulating a new product or testing an existing one with
a focus on its long-term stability.

Methods and materialsMethods and materialsMethods and materialsMethods and materialsMethods and materials
Measuring viscosities at low shear rates can be time
consuming due to the longer equilibration times at low
shear rates. To minimize the time necessary to record a
viscosity curve it is important to use a rheometer, which
is able to quickly reach the desired rotational speed and
keep it constant even at the lowest speeds.

Results and discussionResults and discussionResults and discussionResults and discussionResults and discussion
Using its fast and precise speed control (Fig. 1) combined
with its excellent torque sensitivity, the Thermo ScientificTM

HAAKETM MARSTM can record viscosity curves over a wide
range of shear rates. Fig. 2 shows an example for a visco-
sity curve starting from a shear rate of 10-8 s-1. Despite the
fact that the shear rate spans a range of 10 orders of
magnitude, the curve has been recorded using a single
measuring geometry within a single run.

Fig. 1:Fig. 1:Fig. 1:Fig. 1:Fig. 1: Its modern control loop design allows the HAAKE MARS to quickly
reach a constant rotational speed even at ultra low rates of 10-8 rpm.

HAAKE RheoWin 4.00.0001

HAAKE RheoWin 4.00.0001

Fig. 2:Fig. 2:Fig. 2:Fig. 2:Fig. 2: Viscosity curve of a chocolate spread at 35 °C over 10 orders
of magnitude in shear rate. The viscosity drops by more than 7 orders
of magnitude during the test.
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To use this method is tempting because the end of the
LVR is usually easily accessible and the results show good
reproducibility. Still, it has to be kept in mind that the length
of the LVR depends on the oscillatory frequency used and
is therefore a relative number only. Even worse, this test
does not apply a steadily increasing stress to the sample,
which would be the logical consequence of the definition
of the yield stress. With an oscillation test, a continuously
changing stress is applied for every data point, a completely
different way of stressing the sample.

Subsequently the value determined from the oscillation test
differs from the yield stress determined with the stress
ramp. It is therefore vitally important to agree on a common
method before comparing yield stress values.

The yield stress τ0 is the stress level at which a material
ceases to behave elastic and starts to flow. While a high
viscosity at low shear rates is only able to slow down phase
separation, a sufficiently high yield stress can fully prevent
any sedimentation. The recommended test method for the
yield stress is the stress ramp [1]. Its advantages are the
continuous increase of stress on the sample, data iscollect-
ed below and above the yield stress i.e. no extrapolation
is needed and it is a sensitive method also suitable for
smaller yield stresses.

To determine the yield stress a linear stress ramp is used.
The ramping time is selected according to the sample’s
nature and should be chosen to reach the yield stress
2 – 3 min after its start.

HAAKE RheoWin 4.00.0021

Fig. 3:Fig. 3:Fig. 3:Fig. 3:Fig. 3: Deformation as a function of stress during a linear stress ramp
for a soft crème. The intersect of the curve’s slope in the creep regime
and the curve’s slope in the flow regime marks the yield stress τ0.

With increasing yield stress a substance is able to bear
stronger forces like e.g. the weight force of suspended
particles without yielding. Since with increasing yield stress
a substance also becomes less flexible it is important to
find the optimum value to have a good stability without
losing the smoothness needed for the respective applica-
tion like for a cosmetic emulsion, a lubricant or a specific
food product. Fig. 3 shows a typical example of a yield
stress test result of a cosmetic emulsion. The measuring
and evaluation software Thermo ScientificTM HAAKETM

RheoWinTM fits 2 tangents to the curve’s respective creep
and flow regime and takes their intersect as the yield
stress.

The value obtained can be correlated with the forces
trying to destabilize the material like e.g. the sedimentation
stress τS that a particle puts on the fluid (Fig. 4) to calculate
whether sedimentation will occur or not.

Since some experience is needed for selecting the best
parameters and the data evaluation, some users shy away
from this test method and look for alternatives. A method,

which got some attention due to its simplicity, is to run an
oscillation amplitude sweep on the sample and use the end
of the linear viscoelastic range (LVR) as a number related
to the yield stress (see Fig. 5).

Fig. Fig. Fig. Fig. Fig. 44444::::: The dedimentation stress τS a particle puts on the liquid below
it depends on its size and the difference between the particle’s
density and the liquid’s density.

Fig. Fig. Fig. Fig. Fig. 55555::::: Linear viscoelastic range of different cacao milks. Sample 4
(black curve) is the most stable against sedimentation.

HAAKE RheoWin 4.00.0021
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ConclusionConclusionConclusionConclusionConclusion
Rheology is an essential tool when testing the long-term
stability of a liquid or paste-like product. The viscosity at
low shear rates and the yield stress can be used to reduce
or to prevent sedimentation. Due to its torque sensitivity
and precise speed control, the HAAKE MARS is an
excellent choice to determine these parameters with high
precision in a very time efficient way.

ReferenceReferenceReferenceReferenceReference
[1] DIN Technical Report No. 143 of the NPF/NAB-AK 21.1
     “Rheology“, Modern Rheological Test Methods - Part 1:
      Determination of the Yield Point - Fundamentals and
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Optimization of the filling process of shampoo
sachets with the HAAKE CaBER 1 extensional
rheometer
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AbstractAbstractAbstractAbstractAbstract
With certain shampoo formulations, “strings“ of shampoo
are formed when filling sachets during production. This
causes the product to spill across the sachet seam area.
As a consequence, the sachet cannot be properly sealed.
Using the Thermo ScientificTM HAAKETM CaBERTM 1
extensional rheometer “string forming“ shampoo formu-
lations were easily and quickly distinguished from “well
performing“ samples. Rotational rheometers were not able
to provide this information.

IntroductionIntroductionIntroductionIntroductionIntroduction
While most commercial rheometers are capable of generat-
ing only shear flows, in many industrial processes and appli-
cations the flow is predominantly extensional in nature.

Typical examples of this type of flow are fiber spinning, paper
coating, extrusion and filling food or toiletries in bottles.
This paper describes the optimization of filling shampoo
into sachets. With certain shampoo formulations, “strings“
of shampoo are formed when filling the sachets, which
causes the product to spill across the seam area. As a
consequence, the sachet cannot be properly sealed. This
failure is expensive as it will result in the disposal of many
improperly sealed sachets.
Using classical rotational or oscillatory shear experiments,
no discernible differences could be observed between the
five shampoo formulations investigated. However, the use
of the HAAKE CaBER 1 (Capillary Breakup Extensional
Rheometer) allowed the characterization of the formulations’
extensional properties in a quick and easy experiment, thus
providing a solution to the problem.

Shampoos usually consist of 80 -90% water, more then
2% detergent, and foaming agents and about 1% of
fragrances and preservatives [1]. Often shampoos contain

Key wordsKey wordsKey wordsKey wordsKey words
Shampoo, filling, elongational viscosity, stringiness,
HAAKE CaBER

antistatic agents, thickeners and conditioners [2]. Current
health and beauty trends make it important to stabilize
special-effect particles in gels, body washes or shampoos.
Thickening agents are used to prevent the sedimentation
of these particulate phases [3]. However, a problem with
thickeners  is that they can be the cause of unwanted
extensional properties, such as string formation.

These unwanted rheological properties can manifest them-
selves in an unpleasant and ”slimy” feeling while using the
product. They can also cause string formation during the
high speed filling of a shampoo into sachets or bottles,
resulting in improper sealing of the sachet or messy bottles.
Slowing down the filling speed would solve the problem,
but that has implications for the throughput capability of
the production line. A far better solution would be to modify
the formulation of the shampoo in such a way that the
highest filling speed can be used.

Methods and materialsMethods and materialsMethods and materialsMethods and materialsMethods and materials
In this investigation five shampoos with different formulations
were tested to find out which formulation could be filled
into the sachets successfully at a high filling speed.
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All formulations were previously tested on a high speed
filling line with differing degrees of success. Some exhibited
the string formation problem that resulted in failure of the
sachet seams.

The measurements were carried out with the HAAKE
CaBER 1 extensional rheometer. The CaBER experiment
gives a quick insight into the material properties under an
extensional deformation which occur, for example, during
the sachet filling. It is impossible to determine the exten-
sional properties of a fluid by using a traditional rotational
rheometer.

In an extensional flow the stream-lines converge and the
velocity increase (i.e. the acceleration) is in the direction
of the flow (Figure 1a). This in contrast to the situation in
a shear flow where the streamlines are parallel and the
velocity increase is perpendicular to the direction of the
flow (Figure 1b).

The principle of the CaBER experiment is simple. A small
quantity of sample (less than 0.2 ml) is placed between two
parallel plates (diameter e.g. 6 mm). The fluid is then expos-
ed to a rapid extensional step strain by moving the upper
plate upwards, thereby forming a fluid filament (Figure 2).
The filament evolution as a func-tion of time is controlled
by the balance of the surface tension and the viscous and
elastic forces.

Fig. 1: Fig. 1: Fig. 1: Fig. 1: Fig. 1: Comparison between extensional flow (a) and shear flow (b).

HAAKE CaBER 1 extensional rheometer.
a)

b)

The surface tension is trying to “pinch off” the filament
while the extensional rheological properties of the fluid are
trying to prevent that. A laser micrometer measures the
midpoint diameter of the gradually thinning fluid filament
after the upper plate has reached its final position (Figure 3).

From the measured data, which describes the evolution
of the filament diameter as a function of time (Figures 2a,
2b and 2c), the filament break-up time (Figure 2d), the
extensional deformation, deformation rate and the apparent
extensional viscosity can be calculated.

Results and discussionsResults and discussionsResults and discussionsResults and discussionsResults and discussions
Five different shampoo samples were tested. Two of the
samples (samples 1 and 2), performed well in the sachet
filling equipment; the three other samples (samples 3, 4
and 5) did not perform well.

When measured in a rotational rheometer, the five samples
did not show any significant differences in the flow curves
that would explain their dif-ferent during the filling of the
sachets (Figure 4).

In contrast, when exposed to an extensional flow fluid using
the HAAKE CaBER 1 rheometer, the measured diameter
versus time curves (see Figure 5) of the five samples nicely
rank according to their filling behavior: the shorter the
filament lifetime in the CaBER experiment, the better the
filling properties.

Fig. Fig. Fig. Fig. Fig. 22222: : : : : Sequence of a CaBER measurement.
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Fig. 3: Fig. 3: Fig. 3: Fig. 3: Fig. 3: Principle of the CaBER experiment.

Fig. 5: Fig. 5: Fig. 5: Fig. 5: Fig. 5: Filament diameter decay of shampoos in the CaBER experiment.

The 5 samples clearly differenti-ated in their extensional flow
properties. The filament lifetimes of the shampoos 1 and
2 are relatively short. These shampoos can be filled into
sachets without any obvious problems. For the shampoos
3, 4 and 5, the filament lifetimes are significantly longer,
which leads to problems in sachet filling. String formations
prevented the sachets sealing, a problem which can only
be resolved by slowing down the filling process.

Fig. 4: Fig. 4: Fig. 4: Fig. 4: Fig. 4: Shear viscosity curves of shampoos 1-5.

The graph of the extensional flow curves (see Figure 6)
shows that the extensional viscosities of samples 1 and 2
(which performed well in the high speed filling line) are
clearly lower then those of samples 3 and 5 (which did not
perform well in the high speed filling line). The lower exten-
sional viscosity leads to a higher strain rate and shorter
break-up time (filament life time) in the CaBER experiment
and in the filling equipment.

ConclusionsConclusionsConclusionsConclusionsConclusions
The HAAKE CaBER 1 extensional rheometer allows for an
easy quick determinationof the extensional flow properties
of low to medium viscous fluids. In the presented case it
was possible to dislinquish between different shampoos and
of predicting filament lifetimes for production and quality
control. Shampoos 3 - 5 will need to be reformulated to
solve the serious filling problems. In this way it is possible
to optimize the quality of the shampoos and the production
process.
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Monitoring emulsions morphology under
shear via simultaneous rheometry and
in-situ FT-IR spectroscopy
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IntroductionIntroductionIntroductionIntroductionIntroduction
Emulsions are of wide interest in the food, pharmaceuti-
cal, healthcare and cosmetic industries. They typically
consist of at least two liquid phases, surfactant agents
and stabilizers. Emulsions exhibit complex rheology,
making it difficult to understand flow phenomena on a
microscopic level.

A common technique utilized to analyze emulsions under
shear deformation is light microscopy. However, emulsions
showing droplet distributions with droplets on the submicron
scale cannot be visualized using light microscopy because
of given resolution constraints. Other limiting factors of
light microscopy arise when the concentration of droplets
with equal size is high or the refractive indices of the two
phases are too similar.

In such cases, the Thermo ScientificTM HAAKETM MARSTM

rheometer equipped with the Rheonaut module and a
FT-IR spectrometer provides simultaneous rheometry and
in-situ FT-IR spectroscopy under shear deformation and
offers a versatile tool for efficient and comprehensive emul-
sion research and stability testing. Simultaneous rheometry
and FT-IR spectroscopy proves to be a useful tool in under-
standing the microscopic state of droplets in concentrated
emulsions.

In this contribution, we want to present some results on
the dynamics of molecular organization of an emulsion
under shear.

Fig. 1:Fig. 1:Fig. 1:Fig. 1:Fig. 1: The HAAKE MARS rheometer with Rheonaut module and
Nicolet iS 10 FT-IR spectrometer.

Fig. 1:Fig. 1:Fig. 1:Fig. 1:Fig. 1: Schematic diagram of coupling an FT-IR spectrometer to the
HAAKE MARS rheometer.

MaterialsMaterialsMaterialsMaterialsMaterials
For this study, as model substances, three commercially
available hand cream emulsions with high volume fractions
of oil in water containing submicron droplets were supplied
by a manufacturer of cosmetics. The samples varied with
respect to their hydrocarbon composition only. No further
sample preparation was required.

MethodsMethodsMethodsMethodsMethods
The pateneted* Rheonaut module couples a standard FT-IR
spectrometer with side port (here: Thermo ScientificTM

NicoletTM iSTM 10 FT-IR spectrometer) to the HAAKE MARS
rheometer.

The lower plate of the rheometer is temperature controlled
(Peltier or electrical) and features a monolithic diamond
element that serves as the ATR (attenuated total reflection)
sensor, offering a single internal reflection. Compared to

*Resultec Analytic Equipment: DE 10140711, EP 02762251,
US 6988393, JP 4028484



1Fig. 3: Fig. 3: Fig. 3: Fig. 3: Fig. 3: Left column: Viscosity η (blue graph) and stress τ (red graph) plotted against shear rate. Right column: Viscosity η (log scale) plotted against stress τ .

standard infrared transmission spectroscopy or specular
reflection spectroscopy techniques, the sample thickness
can thus be adjusted to the rheological needs and is
independent from the infrared spectroscopy requirements.

The operation is managed by the Thermo ScientificTM

HAAKETM RheoWinTM software providing full control over
temperature settings, horizontal positioning of the lower
plate, and the communication with the FT-IR spectrometer
software for synchronous data acquisition.

Steady shear flow experiments were carried out using a
cone/plate measuring geometry with 20 mm diameter and
a cone angle of 2°. Gap setting was 0.1 mm. All samples
were tested in CR (controlled shear rate) mode from 0.5

up to 500 s-1. The temperature was set to 25.0 ± 0.1 °C.
The infrared spectral range was 400 cm-1 to 4000 cm-1 with
a spectral resolution of 4 cm-1. Each spectrum consists of
8 co-added scans.
A complete data set was produced for each sample,
consisting of 18 rheological data points and 18 related
(simultaneously collected) FT-IR spectra.

ResultsResultsResultsResultsResults
Figure 3 displays the dynamic shear viscosity plotted against
shear rate for the three samples #1, #2, and #3. As typical
for highly concentrated emulsions, the materials show a
decreasing viscosity with increasing shear rate (shear
thinning or pseudoplastic).
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Fig. 4: Fig. 4: Fig. 4: Fig. 4: Fig. 4: A typical FT-IR absorbance spectrum with band assignments of zhe investigated samples.

A closer look, however, reveals a step-like shear thinning
behavior as can be seen in the right graphs of figure 3
which display the viscosity plotted double-logarithmically
against shear stress.

Such a viscosity behavior has been investigated amongst
others by Saiki et al. [1]. Based on detailed rheological
experiments, the proposed figurative model is a droplet
distribution profile which changes with the applied stress.
Whereas at very low shear the droplets are distributed
homogenously, ambiguous layers (or clusters) of droplets
are formed at moderate shear causing slight segregation
in droplet population and at higher shear discrete layers
are formed. Another approach [2] proposes a figurative
model showing a droplet deformation and stretching by
the applied shear, leading to droplet rupturing and recom-
bination through coalescence at higher shear stresses.

Simultaneously applied FT-IR spectroscopy enables a more
sophisticated molecular insight and deeper understanding.
Figure 4 displays a typical FT-IR sample spectrum. The
broad absorption band at 3354 cm-1 relates to the aqueous
phase of the sample whereas the band at 2922 cm-1

relates to the organic phase.

The sample changes with shear get easily traceable by
calculating the absorption ratio (3354 cm-1/2922 cm-1)
from each spectrum and plotting the results against the
experimental procedure (figure 5).

The change of the infrared absorption ratios in figure 5
reveals a concentration gradient within the samples. Close
to the ATR sensor are sample layers at which the organic
phase is enriched in relation to the aqueous phase.

As the experiment goes on, the enrichments dissolve again.
Because the ATR sensor area dimensions are several orders
of magnitude larger than the submicron droplets of the
organic phase, neither droplet deformation and stretching
nor coalescence is an object since they do not evoke a
concentration gradient within a sample.

Presented at the 6th International Symposium on Food
Rheology and Structure, April 10-13, 2012, Zurich,
Switzerland

The shear thinning behavior of the investigated emulsion
samples is initially controlled by perturbation and
breakdown of complex droplet structures which lead to
the formation of droplet layers causing flatter shear viscosity
curve regions. With further increasing shear rates,
however, a self-healing process is observed. The droplet
structure is rearranged and hence the layers are dissolved,
as the FT-IR spectra show.

ConclusionConclusionConclusionConclusionConclusion
Rheometry and FT-IR spectroscopy have been applied
simultaneously on model emulsions (3 commercially
available hand creams) to study the structure development
of emulsions under shear stress.

The results prove an ability of the investigated emulsions
to repair the damage caused by mechanical impacts over
time.

The Rheonaut offers a new approach to rheology by
providing molecular insight and can thus reveal information
about molecular organization and dynamics under defor-
mational flow.

The exact knowledge of the interacting fundamental
structuring mechanisms creates the basis for an optimized
tuning of technical, process engineering, and material
parameters with respect to a functionally optimized
structuring of emulsion systems.

ReferencesReferencesReferencesReferencesReferences
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Fig. Fig. Fig. Fig. Fig. 55555::::: Absorption ratio (3354 cm-1/2922 cm-1) from each FT-IR spectrum plotted against the data point number.
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Rheology-Raman Spectroscopy: Tracking
emulsion stability with the combination of a
rheometer and Raman spectrometer
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IntroductionIntroductionIntroductionIntroductionIntroduction
As the stress-strain response of complex fluids is closely
linked to changes in physical or chemical structure within
the material, rheology can be most useful when combin-
ed with simultaneous measurement of physical or chemi-
cal properties affecting flow.

Chemical information including molecular conformation,
bond formation or scission, and chemical composition
is also critically relevant to rheological measurements.
Vibrational spectroscopic tools such as Raman spectros-
copy have proven to be powerful noninvasive techniques
to probe chemical information of interest in a variety of
soft matter systems including emulsions [1].

The benefit of simultaneous measurements is clear:
many soft materials are sensitive to temperature and
flow history, so simultaneous measurements minimize
experimental variation.

Methods and MaterialsMethods and MaterialsMethods and MaterialsMethods and MaterialsMethods and Materials
In this application note, we present results obtained on
a cosmetic emulsion in cooperation with NIST published
previously [2].

The results shown can be obtained with the brand new
combination of a Thermo Scientific™ HAAKE™ MARS™
rheometer with a Thermo Scientific™ iXR Raman spectro-
meter (Thermo Scientific™ HAAKE MARSXR RheoRaman
System) as shown in Fig. 1.

The experimental setup shown in Fig. 1 represents a
novel integration of commercial instrumentation: a Raman
spectrometer (Thermo Scientific iXR Raman) and rota-
tional rheometer (HAAKE MARS) are coupled through
an optically transparent base modified from the
Thermo Scientific™ RheoScope Module.

Fig. 1:Fig. 1:Fig. 1:Fig. 1:Fig. 1: The Thermo Scientific HAAKE MARSXR      RheoRaman system.

Key wordsKey wordsKey wordsKey wordsKey words
Rheology, Raman spectroscopy, Emulsions, Shelf life,
Combined methods

Results and discussionResults and discussionResults and discussionResults and discussionResults and discussion
The cosmetic emulsion tested consists of oil droplets
suspended in water and is stabilized by a mixture of
surfactants. The Raman spectra of the emulsion over
the spectral range at 25 °C is shown in Fig. 2a. The broad
peak in the range of 200 cm-1 to 600 cm-1 is attributed
to the fused silica window between the objective and
the sample. Additionally, a small sharp band at 2330 cm-1

is due to ambient nitrogen. A number of peaks are ob-
served in the fingerprint region of 650 cm-1 to 1600 cm-1

and are magnified in Fig. 2b. Although a complete chemi-
cal component analysis based on the measured spectra
is outside the scope of this application note, the sharp
peaks in the fingerprint region appear at positions attri-
buted to the vibrational bonds of alkyl groups CnH2n+1:
the C-C symmetric and asymmetric stretch peaks at
1063 cm-1 and 1130 cm-1 respectively, the CH2 twist mode
at 1296 cm-1, and multiple modes associated with CH2
bending motion at 1418 cm-1, 1441 cm-1, and 1464 cm-1.
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Fig. 2: Fig. 2: Fig. 2: Fig. 2: Fig. 2: (a) Raman spectra of the emulsion at room temperature over
the instrument range. (b) Raman spectra of the emulsion in the
range of (700 to 1600) cm-1 at temperatures indicated in the figure.
(c) The same spectra collected in (b) in the (2700 to 3100) cm-1

region. Note that the intensity scaling varies from (b) to (c).

Fig. 3: Fig. 3: Fig. 3: Fig. 3: Fig. 3: Viscosity and normalized peak area I’ as a function of
temperature for the emulsion.

These alkyl group modes are present due to the alkyl
chains present on the stabilizers and fatty acids compris-
ing the majority of the coconut and almond oils in the
emulsion. The broad distribution of Raman bands in the
range of 750 cm-1 to 950 cm-1 is common for C-O-C stretch
modes expected for the polyethylene oxide groups pre-
sent in polysorbate CH2 rocking modes for fatty acids
and alcohols [3]. The presence of methyl CH2 groups is
further evidenced by the presence of peaks in the
2600 cm-1 to 3000 cm-1 region (shown in greater detail
in Fig. 2c) attributed to CH2 and CH3 stretching modes.

Upon heating, the sharp peaks due to the C-C stretch,
CH2 twist, and CH2 bend modes decrease in intensity
relative to broader peaks in the spectra as shown in
Fig. 2b. A similar loss of intensity of the sharp peak at
2883 cm-1 in Fig. 2c is evident at the higher temperature.
The loss of intensity in these peaks corresponds to in-
creasing conformational disorder along the alkyl chains
present in the stabilizer, fatty acid, and fatty alcohol
chains due to melting.

Quantitative measurement of alkyl chain measurement
can be obtained by analysis of the peaks associated with
the CH2 twisting modes [4]. Our analysis of the spectra
in the CH2 twist region follows a similar protocol used to
quantify consecutive trans and amorphous conformers
in alkanes and polyethylenes [5]. The Raman spectra
are fit using two Lorentzian peaks: a narrow peak of
approximately 2 cm-1 FWHM centered at 1296 cm-1 and
a broader peak of approximately 13 cm-1 FWHM at
1303 cm-1. These fits are used to calculate the integrated
area I of each peak. The total area under the curves in
the CH2 twist region I1296 + I1303 is invariant with respect
to chain disorder, which provides a method to normalize
the spectra. The area of the peak at 1296 cm-1 normalized
by the total area

(1)

then quantifies the mass fraction of chains with more
than four consecutive trans sequences along the chain.
The value of I’ quantifies the mass fraction of ordered
chains.

Simultaneous Raman and viscosity measurements of
the emulsion are shown in Fig. 3 for the temperature ramp
from 25 °C to 90 °C at a rate of 1 °C/min. The viscosity
is measured at a steady shear rate of 30 s-1 and a gap
thickness of 200 μm. Lower shear rates lead to shear
localization in a thin fluid layer between the rotor and the
droplet phase, which is confirmed via polarized optical
imaging of immobile droplets in the bulk (however, this
phenomenon is beyond the scope of this manuscript.)
The viscosity decreases with increasing temperature
until approximately 50 °C, at which point the viscosity
sharply decreases.

The temperature range of 45 °C to 55 °C where viscosity
and consecutive trans fraction exhibit a strong tempera-
ture dependence, correlates well with the melting tempe-
ratures of stabilizers in the emulsion including cetyl
alcohol and stearalkonium chloride. These simultaneous
measurements allow for clear correlation of steady shear
viscosity with conformational information.

SummarySummarySummarySummarySummary
With the Thermo Scientific HAAKE MARSXR RheoRaman
System, simultaneous measurements of rheological
properties and Raman-active molecular vibrations are
possible. The emulsion example shown in this work,
highlights the applicability of the MARSXR to charac-
terize structural and conformational changes directly
related to the rheological response of the material.
Since all measurements are performed simultaneously,
experimental conditions such as temperature and flow
history are identical for Raman and rheology. In addition,
the laser excitation and collection path can be equipp-
ed with optical elements for polarized Raman measu-
rements. Based on the possibilities for direct correlation
between chemical, structural, and mechanical properties,
we expect the MARSXR to be critically relevant to both
academic and industrial interests.
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IntroductionIntroductionIntroductionIntroductionIntroduction
Cosmetic emulsions have to meet consumer demands
from many perspectives. They should have the desired
effect on the skin, they should have a nice look and feel
and they should not change their texture over several
months. All these properties are closely related to the
long-term stability of an emulsion. Only from a stable
emulsion we can expect the active ingredients to stay
homogeneously distributed, an unchanged look and
feel and texture.

The Thermo Scientific™ HAAKE™ MARS™ rheometer
is a versatile universal rheometer, which allows various
combinations with other analytical techniques. For the
verification of an emulsion’s stability, the integration of
a dielectric analysis DEA has been selected.

While the HAAKE MARS can measure the mechanical
properties of an emulsion, the DEA can give information
about the microscopic conditions inside the emulsion
under precisely defined stresses, deformations and
temperatures set by the rheometer.

Regarded in a simplified way, a DEA applies an oscillat-
ing voltage to a sample between 2 electrodes and mea-
sures the resulting current due to the mobility of charged
molecules (ions) in the electrical field. This mobility is
influenced by the resistivity of the sample matrix, which
is correlated to the viscosity or modulus of the sample. 
The results of a DEA measurement can be expressed 
with the so-called ion viscosity, which is the reciprocal 
ion mobility or reciprocal conductivity of the sample. 
In other words, the ion viscosity increases when the 
ion mobility is decreases.

SamplesSamplesSamplesSamplesSamples
Two different batches of a skin cream have been select-
ed for testing due to their difference in appearance.

Fig. 1:Fig. 1:Fig. 1:Fig. 1:Fig. 1: A lower measuring plate with Mini IDEX comb sensor.

Key wordsKey wordsKey wordsKey wordsKey words
Emulsions, stability, rheology, simutaneous DEA

While one batch represented the usual quality of the
cream with a matt white surface and a rather “solid“
appearance the, other had a significantly glossier
surface, softer edges and also felt softer on the skin.

TTTTTest conditionsest conditionsest conditionsest conditionsest conditions
The tests have been performed using a 20 mm plate/
plate geometry with a gap of 1 mm. Sample loading has
been done avoiding unnecessary shearing and with
reduced lift speed while closing the gap.

A lower measuring plate (TMP) with a DEA comb sen-
sor [1] has been used to collect the ion viscosity at
different frequencies (Fig. 1). The sensor was connect-
ed to a DEA 288 Epsilon (NETZSCH-Gerätebau, Selb,
Germany). During the measurements, the NETZSCH
Proteus® software was triggered by the Thermo
ScientificTM HAAKETM RheoWinTM software at the start of
the rheological measurement to guarantee simultaneous
data acquisition.
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Fig. Fig. Fig. Fig. Fig. 22222: : : : : Results of amplitude sweeps on 2 different cosmetic emulsions with the 2 perpendicular lines indicating the end of the respective
linear viscoelastic range based on the storage modulus. For the less stable cream, the LVR ends at 1.4 Pa, for the stable cream it ends
at 11.2 Pa.

HAAKE RheoWin 4.70.0006

Since the DEA sensor consists of a pair of interdigitat-
ed electrodes, the DEA measurement is independent of
the rheometer’s measuring gap, as long a s the gap size
is bigger than the distance between the 2 electrodes.

With this setup, an amplitude sweep and a temperature
run have been done on both samples. The amplitude
sweep was performed at 20 °C and using the controlled
deformation (CD) mode, to have a better control of the
measurement conditions.

To characterise the temperature dependant behaviour,
fresh samples have been heated up from 0 °C to 40 °C
with a  heating rate of 1 K/min.

Results and DiscussionResults and DiscussionResults and DiscussionResults and DiscussionResults and Discussion
The appearance of a cream sold in a pot strongly depends
on to what extent it flows under its own weight or not.
Another part of the consumer perception is related to the
cream’s handling properties. In other words, how does
the cream feel, when taking a bit out of the pot and
rubbing it onto the skin?

Since these properties are related to the force required
to make the cream yield, the results of the amplitude
sweep have been plotted as a function of the stress
applied (Fig. 2), although the measurement has been
done with deformation control (CD mode).

The end of the linear viscoelastic range (LVR) has been
calculated based on the storage modulus (G’) and a 10
% deviation from the plateau value. Between the softer
(less stable, open symbols) and the harder (stable,
filled symbols) cream lies a factor of about 8 in stress.

Regarding the results from the DEA (Fig. 3), we see an
increase of the ion viscosity at higher times, which
correspond to higher stresses. The less stable cream
shows the earlier increase after 4.8 min, when the
sample was exposed to a stress of 4.2 Pa, whereas
the stable sample shows this increase after 7.2 min or
at 40 Pa (stress/time correlation not shown in Fig. 2).

It is interesting to see, that in both cases the onset of
the ion viscosity increase occurs at stresses about 4
times higher than the stresses for the end of the LVR
calculated from the rheological results. Similar to the
rheological results, the onset of the increase differs by
a factor of almost 10.
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Fig. 4: Fig. 4: Fig. 4: Fig. 4: Fig. 4: The change in temperature dependent behaviour of both creams is almost the same with the less stable cream being less elastic.

Comparing the results from the temperature runs on the
rheometer, the 2 creams behave in a similar way, with
the less stable cream being less elastic throughout the
whole measurement (Fig. 4). After having almost
constant elasticity as indicated by the almost constant
phase angle (δ), both samples start to lose elasticity
above 12 °C. The only significant difference lies in the

Fig. Fig. Fig. Fig. Fig. 33333: : : : : Results of amplitude sweeps on 2 different cosmetic emulsions. The data is plotted over time since the Proteus software does
not read the current rheometer status during the measurement.

maximum of δ above 30 °C. At 33 °C the phase angle
of the less stable cream reaches a maximum and starts
decreasing until the end of the measurement. For the
stable cream, the maximum occurs at 35 °C and after-
wards the decreasing part of the curve runs almost
identical with the curve of the less stable cream.

HAAKE RheoWin 4.70.0006
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      “Standard measuring geometries with integrated
      DEA-sensor for the HAAKE MARS rheometer plaform“
       Cornelia Küchenmeister-Lehrheuer, Klaus Oldörp

SummarySummarySummarySummarySummary
With the HAAKE MARS, the two different creams have
successfully been characterized. The visual difference
between both products has been confirmed with signi-
ficant differences in their mechanical response to differ-
ent forces (stresses) and temperatures. The results from
the DEA delivered additional information, which helps
to explain why the differences exist and can be used
as starting point for an analysis why these differences
appeared based on the formulation, temperature history,
homogenisation technique used or other process para-
meters.

Fig. 5: Fig. 5: Fig. 5: Fig. 5: Fig. 5: Results of amplitude sweeps on 2 different cosmetic emulsions. Due to the temperature range from 0 °C to 40 °C, the time axis
can accidentally be used as a temperature axis as well.

Comparing the DEA results collected during the tempe-
rature increase, the stable cream shows a higher ion
viscosity before the values start to drop at 26 °C (Fig. 5).
The corresponding curves of the less stable cream al-
ready go down from 24 °C on. These changes occur at
a temperature, where the rheological curves do not show
any similar change. Whether it is a coincidence to find
the same temperature difference here like between the
maxima of the phase angle in Fig. 4 cannot be answered
based on the data available here.
The DEA results confirm the finding that the behaviour
of both creams becomes the same above 34 °C.  A pos-
sible interpretation of the combined information could
be that the stable cream has a better homogeneity with
smaller droplets of the aqueous phase, which would
explain the higher initial ion viscosity. The less stable
cream seems to have a more coherent water phase from
the beginning on and therefore the lower initial ion vis-
cosity. Above 34 °C the temperature-induced coales-
cence leads to the same conditions in both creams and
hence the same properties.

www.thermofisher.com/rheometers
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