freemantechnology

a [Mi micromeritics’ company

Measuring and
understanding

the flow properties
of powders with
the FT4 Powder
Rheometer®




A universal powder tester

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.

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.
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Side view
of blade

Rotational velocity

l Vertical velocity

Rotational velocity

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

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

twio 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 i
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 fo:

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

» Powder coating — whether the powder
fluidises efficiently and can be sprayed
uniformily ento 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!

Vertical
velocity

a = Helix Angle

Understanding powder
behaviour

The particle physical and chemical
properties determing 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 powdar, namely:

» Farticle size and distribution
» Shape

» Surface texture

» Surface area

» Density

» Cohesivity

» Adhesivity

» Elasticit® i
» Plasticity ®

» Forosity

» 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 powdar
behaves.

External variables

A further complicating factor is that the
behaviour 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
everl aerated

In each of these images. the physical and
chemica!l properties of the particles are the
same, but the way the powder flows is very
different, simply as a resuit of changing the
air content and contact stresses between
the particies.
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A unigue set of measured parameters

As a result, it will experience

a resistance to rotation and a
resistance to vertical movement.
The FT4 measures both rotational
and vertical resistances, in

the form of Torque and Force,
respectively. Both signals need
to be measured, as it is the
composite of these two signals
that guantifies the powder's total
resistance to flow.

The dynamic principle of the Torque

FT4 requires that the blade

rotates and moves vertically, |
both downwards and upwards. * |

Height

Torque and Force are measured simultaneously as the blade
moves down a helical path through the powder

Process diversity
The nature of all processing envirenments
is such that a range of conditions I8

ible and the powder being
processed will be handled under different
stress regimes. In order to fully predict
the powder’s in-process performance,
it is essential to measure and guantify
howy it responds to each of these external
variables.

External variable When and where Effect

Consolidation

Flow (shear) rate

Moisture

Electrostatic charge

Storage time




Using the calculation of Work Done, it is possible to
represent both resistances as a total energy, the energy
required to move the blade through the powder from the
top to the bottom of the powder column. However, as
the blade travels through the powder the values of torque
and force are constantly changing, so it is necessary to
frequently calculate the energy required to move through
the powder over very small distances travelled. This is the
calculation of Energy Gradient, the energy measured for
each millimetre of blade travel, expressed in mJ/mm.

Work Done = Energy = (Resistance x Distance travelled)
where ‘Resistance’ is the combined Torque and Force

Energy Gradient = Energy per mm of blade travel

Energy Gradient mJ/mm

Calculating the area under the Energy Gradient curve
provides the Total Flow Energy, representing the powder’s Height

resistance to being made to flow in a dynamic state. - )
Energy Gradient is calculated directly from the

measurements of Torque and Force

Completing the picture "

In addition to the dynamic AXIal compression ) o

methodology, where the blade is A ‘vented piston’ can be applied to the )
used for measuring flow energy, the top of the powder column in order to
FT4 utilises other accessories and ‘ consolidate the I
operating modes to fully characterise powder under
your powders. a controlled
and precise
Aeration normal stress,

The Aeration Control Unit is a device
that provides a precise air velocity to
the base of the vessel containing
the powder. A wide range of
velocities is available and the device

communicates automatically via USB . Rotational shearing
with the FT4 computer. Shear Cell and Wall Friction Modules
can be attached to the FT4 and used
Air in Air in to measure the shear strength of the
Aeration test Permeability test ~ powder and the wall friction between
the powder and a particular wall
Air can also be introduced whilst the material (in accordance with ASTM D7891).
powder is being consolidated using A controlled normal stress is applied,
the vented piston. For a given air then rotation occurs to induce
velocity and applied consolidating shearing. The greater the resistance,
stress, the air pressure measured at the higher the shear strength.
the bottom of the powder column :

powder to transmitting air between

the particles. The more resistant S - .
the bed, the greater the measured . \\ '
air pressure and the lower the

permeability.

quantifies the resistance of the E r?

The introduction of air into the base
of the powder during a dynamic test
allows the Aerated Energy to be
measured. This quantifies how the

powder’s flow properties change as it U (Shear stress)
becomes aerated, a property that is

Controlfed force
(Normal stress)

Rotation

directly related to the cohesive
strength of the powder.

Glass vessel
containing powder



Methodologies

The FT4 Powder Rheometer is a truly
universal powder tester, with four
categories of methodologies, defined
as Bulk, Dynamic Flow, Shear, and
Process.
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Specific Enargy

Basic ¥ A C 1 Flow Rate
Segregation Attrition Caking Electr

Agglomeration |

Basic flowability - measuring the dynamic flow properties of powders in

a conditioned state.
» Flow additives
» Wet granulation end point
» Moisture content
» Attrition / Segregation

» Physical properties (particle size, shape, surface texture, etc)

» Electostatic charging
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Aeration — a direct measurement of a powder’s cohesive strength.

» Low stress, gravitationally induced flow
» Dosing / Mass uniformity

» Aerosolisation / DPI

» Fluidisation behaviour

» Blending / Mixing

» Segregation potential

FLOW ENERGY

INCREASING AR VELOOTY

Consolidation — understanding the effect of direct consolidation or

vibration on powder flow properties.
» Direct pressure
» Tapped
Understanding the effects of:
» Transport
» Storage
» Processing
» Caking
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Shear Cell — gquantifying a powder's shear strength in accordance with
ASTM standard D7891. For understanding behaviour in hoppers, and
for use in hopper design exercises. Sample sizes down to 1ml.

» Unconfined Yield Strength
» Flow function

» Cohesion

» Angle of Internal Friction
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Wall Friction - measuring the friction acting between a powder and
equipment surfaces in accordance with ASTM standard D7891. Also

required for hopper design.

» Measure friction between powder and surface material

» Hopper, IBC, Punch, Die wall
» Wall friction angle for hopper design
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Compressibility — determining changes in a powder's density as a result

of a directly applied consolidating load.
» Transportation

» Storage L5 -
» Hoppers
* Kegs
» Processing
» Tablet
compression S
» Roller iy "
compaction =
» Screw feeding | ;
» Extrusion
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Permeability - measuring the resistance to air flow between particles and

through the powder bed.
» Tablet capping / Lamination
» Aerosolisation / DPI
» Hopper flow

i ermat
» Compression = *==e
» Pneumatic
transfer
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Proven applications

The FT4 has proven application in all powder
processing industries, including Pharmaceuticals,
Fine Chemicals, Food, Cosmetics, Toners, Metals,
Ceramics, Plastics, Powder Coatings, Cement and
Additive Manufacturing.

Applications extend to:

» Filling

» Tablet compression

» Hopper flow

» Wet granulation end point and scale up
» Flow additive selection and optimisation
» Humidity effects

» Electrostatic charge

» Mixing / Blending

» Feeding

» Segregation

» Attrition

» Dry powder inhalers

» Caking

» Milling

» Conveying

» Wall friction and adhesion

» Hopper design

» Compact hardness and payoff

Other methods for investigating flow rate
sensitivity, agglomeration and the effect of particle size
reduction / particle shape changes are also available.

Whether your objective is to optimise a formulation
in a development environment, predict in-process
performance, understand batch differences, or to
ensure the quality of raw materials or intermediates,
the FT4 will provide valuable and unique information
that will help you address your challenges.

Intuitive software and
flexible accessories

The FT4 is supplied with fully configured software that
has been written in accordance with CFR21 Part 11
guidelines. The Powder Rheometer control software is
intuitive and easy to use, guiding the operator through
a wizard style interface to ensure sample analysis is
uncomplicated. The Data Analysis package comes
with a site licence allowing data interpretation and
reporting to be carried out away from the lab, and by
any number of onsite users. A further application in the
form of Support Documents provides on-instrument,
comprehensive support on all methodologies, data
interpretation, calibration and additional help that may
be required.

A full range of accessories is available for the FT4,
including standard vessel sizes allowing sample
volumes in the range 10ml to 160ml to be analysed.

In addition, the 1ml Shear Cell can be selected when
only very limited samples sizes are available. Further
accessories include compaction pistons, shear heads,
wall friction kits, an aeration control unit and a uniaxial
tester. A calibration standard powder is also available,
if required. For a full list of available accessories,
please contact Freeman Technology or your local
representative.

Freeman Technology has over 15 years' experience in
the design of powder characterisation instrumentation
and in powder processing applications. So working
with Freeman Technology means more than simply
purchasing an instrument. Thanks to our expertise
and know-how, we provide FT4 Powder Rheometer
customers around the world with extensive and
ongoing consultation and applications support, based
on real-world experience.
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Regional Offices

China: info@freemantech.com.cn
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