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MEASURING THE RHEOLOGY OF DIFFICULT MATERIALS

1. INTRODUCTION

An innovative rheometer capable of evaluating a wide range of materials was launched in
1999 following 3 years of development and field trials. This paper describes the instrument
known as the FT3 Powder Rheometer from Freeman Technology and some of the potential
applications.

The FT3 was designed to test complex semi-solids and particularly powders and granulated
materials in order to meet the material characterising needs of many industrial processors.

The design objectives were to consider methods of establishing flow patterns in materials
that were not confined to a thin shear plane such as is commonly used in cone and disc
viscometers or shear cells for evaluating powder characteristics. It was felt that the more
complex flow patterns commonly found in materials processing, needed to be reproduced in
a repeatable way whilst allowing the forces associated with this to be sensitively measured.

The usual definition of rheology includes the measurement of the forces needed to cause
deformation and flow of a material. The FT3 principle establishes a particular flow pattern at
a prescribed flow rate whilst measuring the forces necessary to do this

It was not expected that these more complex flow patterns would be necessarily amenable to
analysis in a mathematical sense, as are the classical methods mentioned above. However,
it was required that the technique be repeatable and that it should establish realistic flow
modes whether testing Newtonian materials, semi-solids or powders. The focus in this paper
is the rheology of powders because they are amongst the most challenging of materials to
characterise.

Figl FT3 Powder Rheometer with 200 ml vessel in foreground
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2. PRINCIPLE OF FT3 POWDER RHEOMETER

The patented method of setting up this flow mode is to use a twisted blade and to move this
blade along a helical path through the test sample. This path is determined by the
combination of axial and rotational speeds. Thus a downward helical path may be a small or
steep helix and it may be left or right handed depending on which direction the blade rotates.

A blade with a right handed twist, when moved along a right-handed helical path as in Fig2b
below, would produce relatively low compaction because of the slicing action. Movement
along a left handed helical path produces more compaction and higher flows, because the
angle of approach to the blade face may be close b perpendicular. A bulldozing type of
action is then established as in Fig2 a). This flow mode is commonly used for testing where
moderate compaction and high displacement is required. Fig2c) shows a 5 negative
upward helix producing a gentle lifting action that allows the displaced powder to fall to rest
behind the moving blade. This is the normal ‘conditioning’ mode to be described later.
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Fig2 Some available flow modes

Each particle within the powder mass lies at a state of rest until forced to move, coming to
rest again as the blade moves on. The wave of powder displacement is virtually steady state,
allowing flow to be observed and generally resulting in smooth, linear or logarithmic profiles
of the measured forces. These forces are those required to initiate the continuous process
of shearing and breakdown of interparticulate bonding of the powder in the zone immediately
around the blade.

3. MEASUREMENT AND ANALYSIS

Force and torque measurements are sampled continuously during testing. Energy
consumed per millimetre of travel vertically is calculated from this data. This is called the
energy gradient and a typical set of profiles for talcum powder is shown in Fig3. The shape
and magnitude of these profiles is therefore representative of the combined forces required
to deform and displace the sample at the prevailing test conditions. The usual characterising
value is the total energy used during each test traverse, which is the area beneath the
energy gradient curves shown in Fig3.
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Fig3 Typical set of energy gradient profiles for a talcum powder.

Fig4 shows typical plots of energy consumed vs blade speed or flow rate, for a range of very
different materials. These curves indicate flow rate sensitivity and display widely different
functions as expected. The near straight line relationship of the Newtonian glycerine and
syrup contrasts with the pseudo plastic behaviour of the agueous cream and the pronounced
sensitivity to flow rate shown by the dilitant cornflower paste. Powders may have very
different flow rate responses, some specifically formulated to be almost independent of flow
whilst others, such as the more cohesive powders, require considerably greater energy at the
lower flow rates as shown in Fig3 and Fig4.
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