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Foreword from Tim Freeman
There are numerous powder testing techniques in routine use across industry
and a wide variety of powder testers in the commercial marketplace. This
makes choosing the most appropriate tester for a specific application quite
a challenge. Powder testers vary considerably in terms of their capabilities,
complexity, degrees of automation and, of course, cost. This booklet, the
second in our series, draws on Freeman Technology’s extensive experience
of using powder testing to solve industrial problems. I hope it is useful in
providing some pragmatic guidance as to which powder tester will best meet
your defined requirements.

Managing Director
Freeman Technology Ltd.

Choosing a Powder Tester

W

hen it comes to choosing
a powder tester there is no
shortage of options. The number
of different tests available, and
the variety of instruments, reflects
decades of effort in developing
methods to characterise these
industrially important materials.
Some powder testers are relatively
inexpensive while others represent
a major capital outlay. It is therefore
important to understand what each
can measure and the potential
value of the resulting data. A clear
message is - avoid spending more
than necessary, but do not expect
too much from basic devices.

As with any decision about analytical
instrumentation, a critical first step
is to consider why the data are
being gathered and whether the
parameters being measured are
the most relevant for the task in
hand. Answering these questions

allows for an informed choice when
selecting appropriate measurement
technology.
This booklet provides a basic guide
to selecting the most suitable
powder testing instrument and
addresses questions such as:
• What makes powder testing 		
complex?
• What should I look for in a
powder testing method?
• What are the strengths and
limitations of traditional
techniques, including those
described in the US and
European Pharmacopoeias?
• What features make a powder
testing instrument more or less
useful?
3
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Why measure powders? Defining requirements for testing
We start by looking at why powder properties are measured. Understanding the need for information helps to
define what features of an instrument are attractive and set some criteria against which to assess the options.

The challenge of powder characterisation
Powders can be quantified in many different ways. We examine what makes powder measurement different
from the analysis of liquids and gases, and the implications this has for the relevance, sensitivity and
practicality of the results. We also explore why a single number approach to characterisation is not sufficient
for describing powder behaviour.

Assessing the options
This section reviews the advantages and disadvantages of some of the more traditional powder testing
techniques, including all those listed in USP 1174, the US Pharmacopeial chapter on powder flowability.
We outline how each technique works and explain individual strengths and weaknesses.

The value of sensitivity and process relevance
Having assessed some of the traditional methods for powder testing we see how they compare with one
another. We present data illustrating the relevance of measured data to process performance and application.
Importantly, we also look at the value of greater sensitivity and the practical benefits this can deliver.

In summary
A summary of the factors to consider when choosing a powder tester.
5
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Section 1
Why measure powders? Defining requirements for testing

A

useful starting point when
assessing any analytical
technique is to examine why
measurements are being made.
Addressing this question helps to
set some criteria for evaluating the
technique. So, we begin with some
example questions that might serve
to establish the need for powder
testing:
• Will this formulation blend well in
our existing mixer? If not, can the
mixing process be optimised to
suit the powder properties or
does the formulation need
changing to make it more
compatible?
• If final product is still meeting the
defined specification, why are we
seeing more customer complaints
from this recent batch?

• Why is our process functional
most of the time, but then
occasionally we see variation in
fill weight / compression
properties / granule density /
discharge rates / efficiency, etc?
• Is it possible to use this lower
cost raw material without
impacting process efficiency or
product quality?
• What range of storage conditions
will ensure this raw material does
not cake?
• Which process steps have most
influence on product quality?
• Will this new raw material
discharge from our existing
hopper?
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• How can I develop an optimal
process design for this new
product or formulation?
These questions highlight why, in
an industrial setting, powder testing
is always carried out to address a
problem or meet a specific need.
The first and most important goal for
a powder test is that it must provide
information that relates directly to the
issue under consideration. The test
data have to be relevant in order to
be useful and should ideally correlate
with some aspect of process or
product performance.

1
This may seem obvious but
operational relevance is an area
where many test methods fail. It
is vital to critically assess the data
that a method delivers against this
requirement.
The other key issue that these
questions highlight is the need
for differentiation. The aim may
be to quantify small changes to a
formulation or to identify the best
choice of raw material from a range
of similar options. This requires
a sufficiently sensitive test that is
capable of detecting subtle, but often
important, differences.
The more sensitive a technique is,
the greater its ability to differentiate
between samples that are similar in
many aspects. With a more sensitive
method it is possible to exert tighter
control in QC. When troubleshooting,

a greater degree of sensitivity allows
the detection of minor changes
that may trigger a problem. High
sensitivity therefore translates into
real value.
Finally, although sensitivity and
relevance define the success of a
powder testing technique, practicality
is absolutely essential. This is
especially the case for any analysis
that supports production or QC.

Industrial needs for powder testing demand practical techniques that
differentiate powders in a relevant and sensitive way

7

Section 2
The challenge of powder characterisation

2 A

nyone working with powders will
recognise that there is a need for
testing, but that the testing toolkit is
not clearly defined. There are many
different powder testing methods in
routine use but there are few sets
of published powder property data,
and there are significant variations
in practice from industry to industry.
Why is this?
Our introductory booklet on the topic
of powder behaviour, ‘An Introduction
to Powders’, discusses the fact
that powders are bulk assemblies
comprising particles, a gas (usually
air), and liquid (typically water).
Please refer to that booklet for a
more detailed introduction to powder
behaviour, where we summarise the
multi-faceted nature of powders and
illustrate the implications this has on
selecting a suitable powder tester.

Relevance
The way a powder behaves is a
composite of interactions between
each of the components in the
system: particle, gas and liquid.
These interactions give rise to an
array of interesting behaviours, with
powders able to: flow; compress;
aerate and/or fluidise; consolidate;
agglomerate; cake; become
electrostatically charged, etc.
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Such behaviour gives powders their
industrial value but also means that
they can be quantified using many
different parameters. This raises the
question of which properties are
relevant?

The reality is that for any given
application there is a unique set of
properties that dictate performance,
and it is therefore essential to quantify
parameters that describe these
specific properties. If a powder is
destined for dilute phase pneumatic
conveying for example, the response
of the powder to air is critical.
Permeability measurements and
information about aeration behaviour
will be highly relevant. For tableting,
however, unconfined flow, wall friction
and compressibility are known to be
key variables.

So the relevance of any individual
powder property varies from
application to application and from
process step to process step, and no
single powder property is universally
useful. This explains why different
methods are used and highlights a
serious limitation of techniques that
measure just one aspect of powder
behaviour.

Powders exhibit many different behavioural properties and multiple
characteristics need to be measured. The properties that correlate most
strongly with performance vary from application to application. Techniques
that measure a single property are therefore inherently limited
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The myth of the single number

2

W

hen looking for a suitable
powder tester, many
people would say that the ideal
is an instrument that provides
a single number telling them
whether a powder is ‘good’ or
‘bad’. There are two problems
with this approach: capturing
the full range of powder
behaviour with a single number
and the, ultimately subjective,
definition of ‘good’ and ‘bad’.

potential to be a world-class
shot putter. There is not one
single property that makes
these athletes good and no
single descriptor would identify
a strong candidate for a specific
event. Each event calls for
a different set of attributes, so

Consider the analogy of two
athletes. One is tall and slim
with a long stride length. This
athlete is a good runner and
should perform well in a
discipline such as the longjump.
The other is shorter, but has
much greater upper body
strength. This athlete has the
10

the definition of ‘good’ is
different in each case.
Powders are just the same.
More than one parameter is
needed to define success. And
the set of parameters that
applies depends on the
application.

4
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Sensitivity

T

he second factor identified
for powder testing success
is sensitivity. Currently, powder
behaviour cannot be predicted
from measurements of the physical
properties of the particles.

• Dries out or picks up moisture
when removed from the
processing environment
• Is tapped or vibrated ahead of
measurement

This leads directly to the question
of what features give a technique or
tester high sensitivity? A number of
factors are important here. These
include the:
• Measurement principle employed

For example, it is not possible to
determine powder flowability from
particle size and particle shape
data. This is why properties must
be measured for the bulk powder.
However, this need to measure
the system, not the particles within
it, means that many variables can
influence the analysis.
When testing powders, results can
change simply because a sample:
• Changes its packing structure 		
(loses air) while standing or
during the test

• Is poured into a vessel
(becoming aerated)
• Has become more or less
electrostatically charged
• Has not been sampled
appropriately
This makes it difficult to achieve
high sensitivity in powder testing.
Sensitivity relies, in part, on
reproducibility and repeatability, and
these are difficult to control when
so many variables can influence the
results.
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• Effectiveness of sample
preparation
• Design and build quality of the
testing apparatus
• Definition of the analytical method
• Extent of automation

2

2

An inherently sensitive method,
a well-engineered instrument,
optimised sample handling and
preparation, and automated
methodologies will all support high
repeatability and reproducibility.
Manual methods that are not
clearly defined and/or are subject
to operator-to-operator variability
will result in low repeatability and
reproducibility.
This is a widely recognised
problem in powder testing and
has a direct impact on the value
of the data. Methods with poor
reproducibility generate results with
a large deviation, making it difficult
to differentiate samples. Are the
samples different or is it just an
artefact of the analytical technique?

A few words about repeatability, reproducibility and sensitivity
These three terms are critical when evaluating an analytical technique so it
is valuable to clearly define their meaning:
Repeatability is the variability associated with the same operator
measuring the same sample, using the same instrument. It therefore
assesses the variability introduced by the instrument itself.
Reproducibility is the variability associated with different operators
measuring different samples, potentially with different instruments so it
includes operator-to-operator variability as well as errors associated with
sampling and sample preparation, and also due to the instrument.
Sensitivity is the ability of a technique to detect variation. It is an
inherent function of the technique but also depends on repeatability and
reproducibility.

A technique will be more sensitive if it is both reproducible and
repeatable, but some methods are inherently more sensitive than
others. Sensitivity translates directly into the ability to differentiate
closely similar samples and has direct value in problem solving
12

Practicality

M

any of the issues that underpin
sensitivity also affect practicality.
One of the easiest ways to make
a technique more repeatable is
to minimise or eliminate operator
input. At the same time this makes
a technique more attractive by
reducing operating costs. Where
operator input is required the
following factors make analysis
easier, more repeatable and more
practicable:

2

• A well-defined method and
operating procedure
• Simple, easy-to-use software
• A robustly engineered instrument
and accessories that are easy to
handle and assemble

Reducing manual input to a minimum makes
a technique more practical for routine
measurement within an industrial setting and
improves repeatability
13
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Section 3
Assessing the options

T

he preceding sections provide
a solid foundation for assessing
powder testing methods and the
instrumentation used to apply them.
Having defined the selection criteria
we now examine some of the most
commonly used methods.

depends on the strength of the interparticulate forces. By measuring the
angle between the horizontal and the
slope of the pile it is possible to infer
how easily a powder will flow.
Powder flowability is classified on the
basis of this angle.

Angle of repose
Angle of repose is one of the oldest
and simplest methods for measuring
powders and enjoys widespread use
across the pharmaceutical and other
powder processing industries.

A value of 25 – 30˚ indicates a
sample with excellent flow properties
while angles in excess of 66˚ are
associated with extremely poor
properties [USP 1174].

Principle of operation
The angle of repose measurement is
based on the premise that the angle
at which a pile of powder settles

Angle of repose measurements quantify powder flowability on the
basis of the angle at which a heap of powder settles
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Advantages

Disadvantages

In summary

• Measurement is quick

• Methodology is ill-defined - for
example, the height of the vessel
from which the powder is poured
may be varied relative to the base
or kept constant; the pile may be
formed on a base of fixed
diameter or allowed to spread

Angle of repose testing is simple,
quick and relatively easy because
the measurement principle is readily
understood. However, the method
has some natural limitations.
Although angle of repose is a wellestablished technique, the test
protocols are not standardised. It
is also a manual method that relies
on the technique of the operator.
Sensitivity is not high and the
relevance of the results is not always
clear. This is especially the case for
processes involving consolidation,
aeration or changes in flow rate,
because none of these issues can
be studied directly. Powders that are
very cohesive may not discharge and
this will prevent measurement.

• Concept is simple
• A USP method

3

• Equipment is low cost

• Poor repeatability and
reproducibility - the method
depends on operator technique,
equipment choice and method
used. Aeration, consolidation
and segregation in the funnel can
all impact the results obtained
• Lack of precision – multiple angles
may form in a single pile
• No numerical result if the powder
does not flow freely from the
funnel
16

Flow through an orifice

F

low through an orifice has many
of the same characteristics as
angle of repose measurement, but is
a more logical method for assessing
flowability.

type of container from which the
powder flows and the size of the
orifice. Testing may be manual or
automated.

Principle of operation
The technique of flow through an
orifice involves measuring the rate
at which powder flows through
a hole that has closely defined
dimensions. Measurement can be
either continuous (a recording of
flow rate over time) or discrete (the
time taken for a known quantity of
powder to discharge). Volumetric
or mass-based methods are both
routinely used. Comparative tests
are also carried out by measuring
the minimum orifice aperture that
permits flow. Several variables
affect the results, including the

3

Flow through an orifice techniques include measuring the amount
of powder that flows through a hole of closely defined dimensions
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Advantages

Disadvantages

In summary

• Measurement is quick

• Poor repeatability - results are
significantly influenced by how the
sample is loaded into the vessel
before testing since this impacts
packing variability

Flow through an orifice is an intuitive
technique that is easy to perform
and understand. It can be useful for
monitoring the quality of powder flow
and for detecting a tendency towards
pulsatile flow behaviour, where
powder flows in slugs rather than at a
continuous rate. However, variability
in packing density, container type,
material of construction, and the
volume of the powder bed lead to
significant variability in test results.
Repeatability and reproducibility
can both be relatively poor and the
technique is only really suitable for
relatively free-flowing powders.

• Equipment is typically low cost,
although automated systems are
considerably more expensive than
manually operated alternatives
• Provides intuitive results
• A USP method

• Results depend on operator
method and equipment, of which
there are many variants. Data are
not standardised, making crosscomparison difficult
• Can produce ‘null’ results,
especially for more cohesive
powders which do not flow easily
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Tapped  density  –  Carr’s  Compressibility  Index  /  Hausner  RaAo    
Tapped density – Carr’s Compressibility Index / Hausner Ratio
Tapped  density  –  Carr’s  Compressibility  Index  /  Hausner  RaAo    
Tapped  density  techniques  are  simple  and  
apped density techniques are
TrelaFvely  easy  to  apply.  Hausner  RaFo  and  
apped  density  techniques  are  simple  and  

T

3
3

simple and relatively easy to

relaFvely  easy  to  apply.  Hausner  RaFo  and  
Carr’s  Compressibility  Index  (CCI)  are  closely  
apply. Hausner Ratio and Carr’s
Carr’s  Compressibility  Index  (CCI)  are  closely  
related  parameters.  They  are  determined  by  
Compressibility Index (CCI) are
related  parameters.  They  are  determined  by  
closely related parameters. They
applying  uni-‐direcFonal  tapping  to  induce  
applying  uni-‐direcFonal  tapping  to  induce  
are determined by applying uniconsolidaFon  in  the  powder,  rather  than  
consolidaFon  in  the  powder,  rather  than  
directional tapping to induce
through  direct  compression,  as  the  Carr’s  
through  direct  compression,  as  the  Carr’s  
consolidation in the powder, rather
nomenclature  implies.  
nomenclature  implies.  
than through direct compression,
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as the Carr’s nomenclature implies.

where:
whereCCI is Carr’sCCI  is  Carr’s  Compressibility  Index
Compressibility Index
where
CCI  is  Carr’s  Compressibility  Index
HR  is  Hausner  RaFo
HR is Hausner
Ratio
HR  is  Hausner  RaFo
ρt  is  the  tapped  density
ρ
  is  the  tapped  density
ρt is the tapped
density
ρtp  is  the  poured  density
ρp  is  the  poured  density
ρp is the poured density

Tapped  density  techniques  quan<fy  the  extent  to  which  
Tapped density techniques quantify the extent to which
Tapped  density  techniques  quan<fy  the  extent  to  which  
the  density  of  a  powder  sample  is  changed  by  tapping  
the density of a powder sample is changed by tapping in
the  density  of  a  powder  sample  is  changed  by  tapping  
order to determine powder flowability
in  order  to  determine  powder  ﬂowability.
in  order  to  determine  powder  ﬂowability.
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Principle of operation

3

The principle behind tapped density
measurements is that the way in
which the bulk density of a powder
sample changes when it is tapped,
relates to the cohesiveness of the
material. As a sample is tapped,
the particles within it jostle into a
more densely packed state. The
ability of the particles to move within
the powder bed is influenced by
inter-particulate forces which also
influence powder flowability. The
increase in density caused by tapping
can therefore be related to powder
flowability.

Tapped density measurements are
made by pouring a fixed volume of
powder into a measuring cylinder
and ‘tapping’ it vertically, either for a
fixed number of taps, or until there
is no further change in volume.
A significant change in density is
associated with a more cohesive
powder, on the assumption that
cohesive powders are poorly packed
when unconsolidated and therefore
have a higher propensity to densify
during tapping. Samples with a CCI
of less than 10, a Hausner Ratio
of 1 – 1.11, are designated very
free flowing. An extremely cohesive
material might produce a CCI in
excess of 38, a Hausner Ratio
greater than 1.60 [USP 1174].
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Advantages

Disadvantages

In summary

• Relatively low cost

• Poor repeatability because it is
difficult to achieve uniform density
in the initial volume and because
of the variation introduced by
different filling methods

Tapped density measurements are
simple and quick. They provide
some insight into the cohesivity
within a sample, but the technique is
relatively insensitive. For free-flowing
materials, results may be repeatable
but not differentiating. With cohesive
powders, which are more difficult to
test with this method, repeatability
is low. Differences in test equipment
and applied methodologies
compromise comparison from one
testing set-up to another. There are
many powders that do not comply
with the assumption that poor flow is
related to a large change in volume,
with colloidal silica being just one
such example.

• A USP method

• Sensitivity is limited by the
accuracy to which the level can
be measured on the cylinder, and
because of the difficulty of initially
achieving a level surface
• Many ‘standard’ methods
exist but there is no single defined
equipment set-up and methodology
• While tapping is usually
automated, its frequency,
amplitude and any rotation vary
from device to device
• Results can be counter-intuitive
for very cohesive powders
• Measurement itself is noisy
21
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Shear cell analysis

S
3

hear testing has its roots in soil
mechanics and was further
developed by Andrew Jenike in the
1960s, when his pioneering work
brought a scientific approach to the
design of hoppers. While discharge
behaviour and hopper design
remain an imperfect science, this
methodology is still in use today, as is
the shear testing technique that has
evolved alongside it. Now, however,
shear testing is applied well beyond
this original intent.

Principle of operation
In simple terms, shear testing
involves measuring the forces
required to shear one consolidated
powder plane relative to another.
Analogous methods are applied to
measure wall friction - the friction
between a coupon of material from
which the process equipment is
made and the powder in question.
Data from both types of test are used
in hopper design.

Shear cell testers measure the
forces required to shear one
consolidated powder plane
relative to another to quantify
cohesion within a powder
sample
22

Within a hopper, powder is
consolidated by the weight of
material above it, and is forced to
move either against itself or against
the vessel wall, so the relevance of
these tests is clear. Shear testing is
very useful for measuring how easily
a consolidated powder transitions
from the static to dynamic state.
Shear cells of different design are
now in routine use, reflecting efforts
to refine the technique and enhance
measurement accuracy.
The technique allows reasonable
control of the experimental
environment and so these precise
instruments can be used, with some
confidence, to assess how a powder
is likely to behave in a hopper whilst
under consolidation.

Advantages

Disadvantages

In summary

• Offers a greater degree of
experimental control than
other USP methods, enabling
some assessment of the impact
of processing variables – namely
consolidation stress

• The results do not predict how
a powder will behave when
in a low stress and/or dynamic
environment, such as in mixers,
filling processes, or when fluidised

Shear cell testing is a clearly defined
technique. A well-engineered
shear cell tester can give good
reproducibility and deliver results
of considerable value. Data are
specifically relevant in hopper design
and more generally for assessing
powder behaviour in moderate to
high stress environments. However,
shear cell data are less useful for
predicting how a powder will behave
when subject to low stress, when
flowing at high rates, or when
fluidised. The application of shear
cell testing for powder processing
applications is therefore limited.

• Generates data that are directly
applicable to hopper design
calculations
• Useful for assessing the behaviour
of consolidated powders when
subjected to moderate to high
stress levels

• With free-flowing powders,
measurements are less
differentiating
• The consolidation stress imposed
can cause changes to powder
properties, such as particle
attrition or de-agglomeration,
resulting in misleading data
• Testing can be manually intensive
and time consuming with some
devices

23
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Dynamic powder testing

D
3

ynamic powder testing involves
measuring the powder in motion.
The technique was developed in the
1990s as a response to the need to
directly measure powder flowability,
under conditions that simulate the
process environment. With dynamic
testing, powders can be measured
in a consolidated, moderate stress,
aerated, or even fluidised state,
representing the entire stress range
that exists in everyday powder
processing.

Principle of operation
Dynamic powder properties are
quantified by measuring the axial and
rotational forces acting on a blade,
or impeller, as it is precisely rotated
through a powder sample. These
properties include Basic Flowability
Energy (BFE), which is a measure of

Dynamic testing measures the powder in motion and can be applied to
samples in a consolidated, moderate stress, aerated or even fluidised state

confined flow properties (forced flow)
in a low stress powder, and Specific
Energy (SE), the unconfined flow
properties (gravity flow) of a powder
in a low stress state. SE is particularly
relevant for predicting powder flow
in low stress applications, such as
gravitational filling.
There are well-defined testing
methodologies for all dynamic
properties. Sample conditioning
forms part of these methods and
24

ensures that powders are tested
in a reproducible state. These two
factors, together with the precision
engineering of dynamic powder
testers, make the technique highly
repeatable and reproducible.
Dynamic techniques are also
inherently sensitive because of the
mechanical and electronic features
of dynamic powder testers and the
largely automated test methodologies
that are applied.

Taking a measurement whilst air is
passed through the sample enables
direct quantification of the response
of a powder to air, through to the
point of fluidisation if applicable. In
a similar way, measurements on
consolidated powders enable the
prediction of flow properties in high
stress environments. The same
dynamic approach can also be
employed to investigate the impact of
other variables such as flow (or strain)
rate, moisture content, storage time,
and the effect of electrostatic charge.

Advantages

Disadvantages

• Provides intuitive results with
direct relevance to process
behaviour

• Empirical method, meaning data
can be difficult to interpret

• Powders can be tested in a
consolidated, moderate stress,
aerated or fluidised state
to simulate a range of process
conditions
• High repeatability, reproducibility
and sensitivity
• Well-defined, substantially
automated test methodologies
• Some dynamic powder
testers also measure bulk
powder properties, such
as density, compressibility and
permeability as well as providing
shear cell capability
• Very low sample volume required
25

• Testing equipment requires more
investment than some other test
methods

In summary
The commercialisation of dynamic
powder testing in the late 1990s
made powder testing more
relevant in many areas. Dynamic
measurements are sensitive in ways
that can differentiate samples which
other techniques, including shear
testing would classify as identical.
This has led to proven benefits in
addressing powder behaviour issues,
from product development through
to processing and QC. The ability to
directly quantify the response of a
powder to air is particularly useful.

3

The issue of sample preparation

F
3

rom the preceding discussions it
is clear that sample preparation
is recognised as a factor that
compromises repeatability, but
that few established methods have
well-defined sample preparation
procedures. The repeatability of
tapped density measurements, for
example, is compromised by how
the sample is poured into the vessel
and whether or not the sample is
level. Flow through an orifice data
are similarly subject to loading
variability. A major advance in recent
decades has been the development
of methodologies that address the
issue of sample preparation. The
following are two sample preparation
procedures with a demonstrable
impact on repeatability.

Sample conditioning
One of the variables that significantly
influences powder flow properties
is the packing state. The level of
applied stress and the amount of
entrained air can change packing
state and these changes are not
automatically reversible. As a result,
powders retain their processing and
handling history. If you compress a
powder, for example, its volume will
reduce. Removing the consolidating
load will not necessarily reverse this
change.
Sample conditioning, a unique feature of dynamic powder
testers, involves gentle displacement of the whole sample to
present it in a uniformly packed state

26

Sample conditioning is a unique
feature of dynamic powder
testers. It presents the powder in a
consistently packed state, eliminating
the influence of sample handling
and loading history and improving
repeatability. Conditioning involves
gentle displacement of the whole
sample in order to loosen and slightly
aerate the powder. The aim is to
disturb and gently drop each particle
in order to construct a homogeneous
stress through the powder bed.
This process removes compaction
or excess air that may have been
introduced by the operator during
sample loading and is a necessary
precursor to all measurements,
except those assessing consolidated
samples. The graph to the right
shows the marked impact that
conditioning can have.

3
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Vessel splitting

W

hile ‘conditioning’ controls packing state, it is equally
important to ensure a precise sample volume. This
is the function of ‘vessel splitting’. Splitting the test vessel
ensures a consistent volumetric measurement with a level
surface and no need for:

In these compressibility tests, vessel splitting
enhances repeatability and ensures accurate data

• Shaking or tilting

3

• Smoothing the top surface with a
spatula or similar
• Gentle tapping
• Overfilling the vessel

Using a vessel mounted fixture called a ‘levelling
assembly’, the operator can split the vessel and discard
excess powder, generating a precise, fixed sample volume
for testing. This approach is clean, quick and efficient,
and eliminates the need for the operator to determine
whether the target volume has been attained. Data shown
above for corn starch demonstrates its potential impact on
repeatability.

Vessel splitting is a clean, quick and efficient way of
generating a precise, fixed sample volume for powder
testing
28

Section 4
The value of sensitivity and process relevance

T

he earlier review of options for
powder testing suggests that
greater sensitivity usually carries a
higher instrument price tag. In this
final section we are therefore going
to look at the potential value of
sensitivity.
The graph to the right shows the
impact of tapping on flow energy
and on density. Tapping to a steady
consolidated state produces a
change in density of approximately
40%. However the change in flow
properties for this same level of
tapping can be in excess of 1000%;
or put another way, the powder is ten
times less likely to flow after this level
of consolidation. So what does this
mean in practice?

4

For this sample, tapping induces a change in flowability that is greater than the
change in density by orders of magnitude
29

We have already discussed in an
earlier section the need to consider
the relevance of the data measured.
What this example highlights is
how tapped density results can
be very misleading if the objective
is to understand the impact of
consolidation on flowability.

4

These data also illustrate that if
tapped density is used to monitor the
impact of vibrational consolidation,
evaluation is limited to a relatively
insensitive technique as the overall
change is small, compared with
changes in dynamic flowability
measurements. This relatively
small change in density ultimately
compromises the ability to detect
subtle changes.
Looking back to the list of questions
about what prompts measurement, it

is easy to see how a lack of sensitivity
can cause problems:
• If the end-product is still meeting
the defined specification, why
are customer complaints higher
from this last batch of material?
• Why does the plant mostly
operate reliably, but on occasion
there are problems?
• Is this cheaper feed material
going to impact product
performance?

Most powder testing techniques will provide some ranking, albeit
often a coarse one. The question is whether the technique is relevant
to the application, and sufficiently repeatable, reproducible, and
sensitive to answer the questions that have prompted measurement
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The graphs opposite show data that
illustrate how shear testing classifies
two powders as identical, whilst
dynamic testing shows they are very
different. Again this difference may
or may not be important, and will
depend on the process in question.
The data suggest that the powders
may behave similarly in a moderate
to high stress environment, such as
a hopper, but not when aerated or
flowing under low stress.

4

Shear cell analysis suggests that these powders are identical, while dynamic data
indicates that they will behave differently under certain flow regimes
31

Section 5
In summary

M

aking a good choice of
powder testing technique and
associated tester relies on being
realistic about what you require
it to do. Simple, less expensive
equipment may differentiate samples.
However, such instruments often
provide just a single powder property,
which may or may not be relevant to
the process or product performance.
More sophisticated powder testers
can provide a more detailed insight
into powder performance, delivering
useful information from product
development, through to production
and QC. Such systems carry a higher
price tag but this can be rapidly offset
by the value of the information that
they provide.

In recent years powder testing
has advanced quickly, but so
too have the needs of powder
processors. Stringent product
QC is essential to compete at the
highest levels of a global market
place; equally important is costefficient manufacturing since
inefficiencies in processing are no
longer economically sustainable. In
this environment a reliable, relevant
powder tester that can be used to
understand and control both the
product and manufacturing process
delivers substantial value.
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