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Thermo Scientific 
HAAKE CaBER 1
	 Analyzing	and	Quantifying	Extensional		
	 Flow	Properties

Complex flows that contain strong 
extensional flow fields occur in many 
industrial processes and applications. 
Some examples are coating flows, fiber 
spinning, spraying and printing as well 
as chewing and swallowing.

Materials that might behave very 
similar in steady shear or Oscillation 
can behave completely different in 
an extensional flow field. Hence, 
knowledge of the extensional behavior 
is crucial in understanding your fluids 
behavior towards a certain application 
or process. Knowledge you will only 
be able to gain via working with the 
Thermo Scientific HAAKE CaBER 1*, the 
only commercially available Extensional 
Rheometer for fluids on the market.

*  The HAAKE CaBER was developed by Cambridge Polymer 
Group (CPG) based on the pioneering work of Russian 
scientists Entov, Rozhkov and co-workers in capillary 
break-up rheometry.

Principle of Operation:
A small quantity of sample is placed between 
two circular plates. The top plate is rapidly 
separated from the bottom plate at a user-
defined speed, thereby forming a filament 
by imposing an instantaneous level of 
extensional strain on the fluid sample.

After stretching, the fluid is squeezed 
together by the capillary force imposing 
an extensional strain on the fluid. A laser 
micrometer monitors the midpoint diameter 
of the thinning fluid filament as a function 
of time. 

The relevant extensional parameters of a 
given fluid, i.e. extensional viscosity and 
extensional relaxation times can then be 
quantified.

E x t E n s i o n a l  R h E o l o g y

Filament thinning during HAAKE CaBER experiment

Normalized filament diameter during HAAKE CaBER 
experiment for PDMS mixtures
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Application Solutions

Petroleum
Due to its very distinct chemical composition, every crude oil behaves differently 
towards flow fields occurring at various upstream processes in a wide range of 
temperatures. Extensional flow fields are present during exploration and recovery as 
well as during transport. 

Here the knowledge of the extensional properties of your crude as well as the 
individually composed additives you are dealing with is key to success, no matter 
if you need to manage an oilfield, operate a pipeline at top performance or design 
supporting fluids for the petroleum industry. 

Minimizing cost while keeping the performance at an optimum level is of utmost 
importance, no matter if you are dealing with:

•	 Crude	Oil	 •	 Emulsions

•	 Dispersions	 •	 Polymer	Solutions

•	 Surfactant	Solutions

Inks and Coatings
In most industrial coating techniques like spraying, curtain coating, or blade coating, strong extensional flow fields 
occur. Accordingly, not only shear but also extensional flow properties of the corresponding complex formulations have 
to be investigated intensively with respect to processing or application properties like i.e. droplet formation, misting, 
atomization or curtain stability.

•	 Curtain	Coating	 •	 Offset	Printing

•	 Spraying	 •	 Droplet	Formation

•	 Misting

Food
No matter if you are formulating food products or designing specific food 
additives, understanding the extensional flow properties is key to success as 
they play a major role in a wide range of applications and processes present  
in food industry. 

No matter if you need to understand specific processing steps like pumping or 
filling of a fruit juice or the mouthfeeling of a polymer stabilized yoghurt during 
oral processing, the HAAKE CaBER provides you with quick and reliable results. 

Those results in regards to your product’s extensional behavior can then be 
correlated directly with its performance towards described processes, like i.e.:

•	 Chewing	 •	 Swallowing

•	 Coating	 •	 Spraying

•	 Pumping	 •	 Filling
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No matter if you are interested in emulsions, solutions or dispersions, the visco-elastic 
properties determining a food behavior towards the described applications and processes,  
of course, depend strongly on its formulation. 

Polymer or protein additives, as well as solid particles that you introduce to your food  
products in order to perform a certain task like i.e. stabilizing or gelling, that enhance the 
customers’ perception have a strong influence on the visco-elastic response towards 
described extensional flow fields.

Food products where the extensional flow properties have a pronounced impact of its 
industrial and oral processing behavior are:

•	 Dairy	Products		 •	 Beverages	

•	 Condiments	 •	 Pastries		

•	 Chocolates	and	Sweets

No	matter	if	you	are	involved	in	enhanced	oil	recovery	(EOR),	polymer	flooding	or	drag	
reduction, adding polymers, solids or surfactants will change the visco-elastic behavior of 
either your crude oil or supporting fluid towards extensional flow fields. 

This very behavior has to be custom-tailored towards optimum performance in extensional 
flow fields occurring during flow through porous media and pumping for a wide range of fluid 
types and applications like i.e.:

•	 Polymer	Flooding	 •	 Surfactant	Flooding

•	 Displacement	Fluids	 •	 Retention	Fluids

•	 Drag	Reduction

Independent, if you are working with low visco-elastic, waterborne coatings or high visco-
elastic printing pastes, your product will show significant differences in its processability, 
depending on its formulation. 

Understanding the relation between extensional flow behavior and composition of your product 
is the key to your success.

•	 Water-borne/	solvent-borne	Coatings	 •	 Printing	Inks

•	 Inkjet	Inks	 •	 Adhesives
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Combined Methods:
Even for the most demanding applications, i.e. cosmetic emulsions, 
the HAAKE CaBER 1 can deliver meaningful results via optionally 
probing for additional information simultaneously.

Simultaneous Force Measurement*:
In order to get a deeper understanding of the macroscopic material 
properties of your product towards an extensional deformation, 
like i.e. tackiness, the HAAKE CaBER 1 can detect normal forces 
that arise in the fluid filament during the stretching process. The 
measurement of the normal forces is achieved by utilizing a highly 
sensitive and fast piezoelectric force sensor.

*		This	normal	force	option	has	been	developed	in	cooperation	with	Prof.	Dr.	Manfred	Wilhelm,	
Karlsruhe Institute of Technology (KIT), Institute for Chemical Technology and Polymer 
Chemistry,	Polymeric	Materials,	Karlsruhe/Germany Apparent extensional viscosity as a function of strain for a viscoelastic polymer solution

Filament diameter versus time for a viscoelastic polymer solution Force evolution and filament diameter as a function of time in a HAAKE CaBER experiment

 Looking for something else? Contact us!  
 info-mc.de@thermofisher.com 
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The influence of thickeners on the application

method of automotive coatings and paper

coatings – rheological investigations with the

HAAKE CaBER 1

AbstractAbstractAbstractAbstractAbstract

Spraying automotive coatings and

the application of paper coatings are

industrial processes, in which elon-

gational flows play an important role.

As a result, the application behaviour

of these fluids often cannot be suffi-

ciently characterised with traditional

shear experiments. Products with

similar shear viscosities  can have ve-

ry different elongation properties.

With the HAAKE CaBER 1 exten-

sional rheometer, a liquid filament is

created that is stretched under the

influence of surface tension. Using the

decrease in the filament diameter as

a function of time and the life of the

filament, it is possible to characterise

the elongational behaviour of low-

viscosity to pasty liquids in a simple

way. The rheological properties of

typical water-based automotive coa-
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tings and paper coatings are deter-

mined by the thickeners used and

their interactions with the other recipe

components. In the CaBER experi-

ment, different types of thickener dis-

play a characteristic decrease in the

filament diameter as a function of

time. Different break-up times are de-

sirable, depending on the applica-

tion. When automotive coatings are

sprayed, short break-up times are

advantageous in order to obtain the

finest possible drop distribution.

When paper coatings are applied with

rollers,  spraying and „misting“

should be prevented as much as

possible, which means that formu-

lations with long break-up times

are advantageous.

Introduction
Introduction
Introduction
Introduction
Introduction

Elongation flows occur in many in-

dustrial production and working pro-

cesses, es
pecially where product flows

experience cross section changes or

are diverted, and determine these

significantly. Spraying, coating, pum-

ping or filling processes are typical

examples that are relevant in almost

all branches of industry. The charac-

terisation of elongational properties

in product development and quality

assurance is therefore essential in or-

der to optimise product properties

or production processes.

     In a shear flow, the flow lines run

parallel – in an elongational flow they

converge (figure 1). Elongational

flows and elongation properties of

substances therefore cannot be simu-

lated and analysed with rotational

rheometers. Materials that display

a similar rheological behaviour in

the shear experiment may display

very different properties in elonga-

tional flows.

This article discusses the rheologi-

cal results of elongational and shear

experiments of various thickeners

and formulations, to which such

thickeners have been added.

b)

a)

Figure 1: Comparison between exten-

sional flow (a) and shear flow (b).

Material and Methods
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With the HAAKE CaBER 1 exten-

sional rheometer (Capillary Break-

up Extensional Rheometer) it is

possible in a simple experiment to

examine quickly and without com-

plications the rheological properties

of liquids in an elongation flow.

    A drop of liquid is placed between

two parallel plates in the HAAKE

CaBER 1. The upper plate is then

moved up very quickly (in 50 ms),

during which the sample is elon-

gated, producing a liquid filament.

The necking and breakage of the

liquid filament provides valuable

information about the product and

process properties of the substance

being examined (Figure 2).

The measuring principle shown in

Figure 3 is simple: A laser micro-

meter measures the decrease in the

sample diameter D as a function of

the time t after the upper plate has

arrived in its final position. The re-

lative elongational viscosity is cal-

culated from the measurement

result (D = f(t)).

If the surface tension of the sample

is known, the absolute elongational

viscosity can be determined. The

decrease in the string diameter as a
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Optimization of the filling process
of shampoo sachets with the
HAAKE CaBER 1 Rheometer
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AbstractAbstractAbstractAbstractAbstract

With certain shampoo formulations,
‘strings’ of shampoo are formed
when filling sachets during produc-
tion. This causes the product to spill
across the sachet seam area. As a
consequence, the sachet cannot be
properly sealed. Using the HAAKE
CaBER 1 extensional rheometer
‘string forming’ shampoo formula-
tions were easily and quickly distin-
guished from ‘well performing’
samples. Rotational rheometers were
not able to provide this information.

Introduction

While most commercial rheometers
are capable of generating only shear
flows, in many industrial processes
and applications the flow is predom-
inantly extensional in nature.
Typical examples of this type of flow
are fiber spinning, paper coating, ex-
trusion and filling food or toiletries
in bottles. This paper describes the
optimization of filling shampoo into
sachets. With certain shampoo for-
mulations, ‘strings’ of shampoo are
formed when filling the sachets,
which causes the product to spill
across the seam area. As a conse-
quence, 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 ob-
served between the five shampo of
ormulations investigated. The use
of the HAAKE CaBER 1 (Capillary
Breakup Extensional Rheometer)
however, allowed the characteriza-
tion of the formulations’ extensional
properties in a quick and easy ex-
periment, thus providing a solution
to the problem.
     Shampoos consist of 80 -90%
water with more then 2% detergent,
foaming agents and about 1%  fra-
grances and preservatives [1]. Often

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

b)
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shampoos contain 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, hence the addition of
thickeners to prevent the sedimenta-
tion of these particulate phases [3].
A problem with thickeners, however,
is that they can be the cause of
unwanted extensional properties,
i.e. they can cause string formation.
     These unwanted rheological
properties can manifest themselves
in an unpleasant and ”slimy” feel-
ing while using the product. They
can also cause string formation dur-
ing the high speed filling of shampoo
into sachets or bottles, resulting in
improper sealing of the sachet or
messy bottles. Slowing down the fill-
ing speed would solve the problem,
but that has implications for the
throughput capability of the pro-
duction 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.
     In this investigation five shampoos
with different formulations were
tested to find out which formula-
tion could be filled into the sachets
successfully at a high filling speed.
All formulations were previously

tested on a high speed packing line
with differing degrees of success.
Some exhibited the string formation
problem that resulted in failure of
the sachet seams.

Experimental

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 impossible to determine the
extensional properties of a fluid
using a traditional rotational rheo-
meter.
     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).
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Correlation of misting during printing with

extensional rheological investigations on offset

printing inks with the HAAKE CaBER 1

AbstractAbstractAbstractAbstractAbstract

The tendency for misting on offset
printing inks was examined on two
samples using the rotational rheo-
meter HAAKE RheoStress 600 and
the extensional rheometer HAAKE
CaBER  1.The results for the amplitude and

frequency curve, the creep and reco-
very test and the flow curve measu-
rement with the rotational rheometer
do not correlate with misting during
printing.
With the rotational rheometer, it was
possible with the aid of the filament
break-up time to easily and quickly
draw distinctions between different
tendencies for misting with offset
printing inks.

Introduction
Introduction
Introduction
Introduction
Introduction

Offset printing is the most widely
used method in the printing industry.
A thin film of printing ink is applied
onto the printing form via a system
of rollers. In one hour, it is possible
to print approximately 10,000 sheets
using this method. Factors that are
crucial to printing quality include the
printing inks used with regard to
their wettability, gradation, sheen and
drying.
Offset printing ink consists of the 3
components pigment, binding agent
and additives. It is a suspension with
complex rheological properties that
are influenced by the components
used.
In the printing process, it is required
that smooth and sharply defined
tear-off edges are obtained and that
scumming (misting) of the ink is a-
voided.  When the ink is transferred

Rheology Application Notes
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to the printing plate and when the
latter is moistened, water droplets
are formed in the printing ink.
When there are such droplets in an
ink string that forms in the gap bet-
ween the printing roller and the rub-
ber blanket, the ink can spray.
In practice, relative terms such as
stickiness (short, long) and rigidity
are often used to describe the pro-
perties of a printing ink. In addition,
besides rheological variables the tack
value (stickiness) is defied as a re-
lative value. A forecast regarding the
tendency of printing inks to foam
and to spray is desirable for ink
development and for their use in
the printing machine.

Material and methods

Material and methods
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Two offset printing inks were exa-
mined at a temperature of 40°C with
regard to their tendency to mist.
The inks were available in their un-
modified (sample A) and modified

form (sample B). The rotational rheo-
meter HAAKE RheoStress 600 with
air bearings permits all the usual rhe-
ological examinations such as flow
curve measurements, flow limit mea-
surements, creep and recovery, defor-
mation jump and oscillation tests, as
well as normal force measurements.
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Figure 1: Amplitude curve in CS mode

Comparison of offset printing inks
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