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The FT4 Powder Rheometer was originally designed to
characterise the rheology, or flow properties, of powders.
This remains a primary function today, but the instrument,
accessories and methodologies have been continuously
developed to the point where the FT4 is now considered a
universal powder tester.

In addition to the patented dynamic methodology, where
a powder's resistance to flow is measured whilst the
powder is in motion, the FT4 also includes a shear cell for
measuring the powder's shear strength, a wall friction kit
in order to quantify how the powder shears against the
wall of the process equipment (in accordance with ASTM
standard D7891), and also accessories for measuring
bulk properties, such as density, compressibility and
permeability. This range of measurement capabilities
makes the FT4 a truly universal powder tester and by far
the world's most versatile instrument for measuring and
understanding powder behaviour.

Powders are complex materials. Often
perceived as just a collection of particles,
they are in fact a complex mixture of solids,

characteristics:

Powders exhibit the following behavioural

A universal powder tester

Dynamic methodology

The FT4 employs patented technology for measuring the
resistance of the powder to flow, whilst the powder is

in motion. A precision ‘blade’ is rotated and moved
downwards through the powder to establish a precise
flow pattern. This causes many thousands of particles to
interact, or flow relative to one another, and the resistance
experienced by the blade represents the difficulty of this
relative particle movement, or the bulk flow properties.
The more difficult it is to move the blade, the more the
particles resist motion and the harder it is to get the
powder to flow.

Excellent reproducibility is achieved by moving the blade
in a precise and repeatable way. The advanced control
systems of the FT4 accurately set the rotational and
vertical speeds of the blade, which defines the Helix Angle
and Tip Speed.

An introduction to powders

» Particle attrition — if particles are friable
or weak, then mechanical stress
can result in a change in size and

liguids and gases. Unlike the relatively
well understood constituent phases from
which they are derived, powders are
more complicated materials. They are

comprised of: solids in the form of particles;

gas, usually in the form of air between the
particles; and water, either on the surface
of the particle or within its structure. The
behavioural characteristics of these unique
materials are difficult to model and predict
from first principles.

Powder behaviour

Powders exhibit many behavioural
charagcteristics, which determine how they
perform during processing and in final
application. These characteristics are
often independent of one another, so it is
important to understand and to be able to
measure the influence of each, if a powder
is going to be fully characterised.

Powders

The way these phases
interact determines the
behaviour of the powder.

» Flowability — some may flow well
through a process, others may bridge,
block or flow intermittently.

» Compressibility — some are very stiff,
others observe a large change in density
when consolidated.

» Adhesivity - powders may stick to
process equipment, others slide easily.

» Permeability — the ease with which air
can be transmitted between particles
can be critical during processing and in
some final product applications.

» Electrostatic charge — some powders
become electrostatically charged as
a result of handling and processing,
resulting in a change in their behaviour.

» Hydrophobicity — most powders
experience a change in behaviour if
humidity or water content increases, but
to varying extents.
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shape, resulting in changes in powder
behaviour.

» Flow rate — powders will behave
differently across a range of flow (or
shear) rates, influencing operations such
as mixing and blending.

» Flooding — certain powders may fluidise
and then retain air, resulting in fluid-like
behaviour and often poor in-process
control.

These examples represent just a few of the
ways in which powders can demonstrate
their complex ‘personalities’. Moreover,
these properties are frequently independent
and unrelated, such that two powders

can be equally compressible, but exhibit
very different flowability. Other powders
could flow the same, but have different
permeability.
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Gases

They can: » Behave like a single solid entity, deforming elastically and plastically
» Flow like liquids, when aerated / fluidised
» Be compressed like gases



Side view
of blade

Powder conditioning

Rotational velocity

i Vertical velocity

sample and rémo,vlng 'any stress his,t@ry or excess air prior
to the measurement.

Rotational velocity

The blade is rotated and moves vertically, as
defined by the Helix Angle and blade Tip Speed

[t becomes easy to see why powders
cannot be described with just one or

two numbers, requiring by contrast the
measurement of a range of parameters to
achieve a thorough understanding. Each
of these properties will influence the way
the powder behaves within the process
environment.

For example:
» Does the powder mix properly?

» Does it consolidate into one solid lump if
left in storage or after vibration?

» Does it flow efficiently out of a hopper?

» Does it change its behaviour if exposed
to high humidity?

» Can fill weight be accurately and
consistently achieved during a filling
operation?

In addition, powder properties also influence
the characteristics of the finished product.

For example in relation to:

» Pharmaceutical tablet properties —
powder determines weight variability,
hardness, dissolution and stability.

» Powder coating — whether the powder
fluidises efficiently and can be sprayed
uniformly onto the panel, without
agglomerating.

» Chemical manufacturing — is this
powdered raw material too cohesive to
mix well in our process?

Powder behaviour influences both
in-process performance and the properties
of the finished product!

This automatic conditioning step is
and is paramount if excellent repe

Conditioning reduces operator to aperator arial
and ensures that results generated
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every test
to be achieved.
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reproduced by a different operator, or on another instrument

in a different lab.
a = Helix Angle

Understanding powder
behaviour

The patrticle physical and chemical
properties determine the behaviour of the
powder to a large extent, but so too does
the environment in which the powder is
being handled (external variables).

Particle properties

The particles alone are complex and rarely
defined by an adequate set of descriptors.
Particle size distribution has traditionally
been considered, and it remains important,
but in fact there are many particle properties
that will influence the overall behaviour of
the powder, namely:

» Particle size and distribution
» Shape

» Surface texture

» Surface area

» Density

» Cohesivity

» Adhesivity

» Elasticity® g
» Plasticity ¢

» Porosity

» Potential for charge

» Hardness / Friability

» Hygroscopicity

» Amorphous content

Some of these properties can be measured
directly, whilst others are more challenging.
All will contribute to the way the powder
behaves.

External variables

A further complicating factor is that the
pbehaviour of the powder will depend on
the environmental conditions to which it is
exposed. If consolidated, its properties will
be very different to if it is loosely packed or
even aerated.

In each of these images, the physical and
chemical properties of the particles are the
same, but the way the powder flows is very
different, simply as a result of changing the
air content and contact stresses between
the particles.
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