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How Correlating Powder Flow Properties with Particle Size
and Shape Makes for Better Process Engineering
By Tamal Mukherjee, Application Specialist, Malvern-Aimil Application Lab, Carl Levoguer, Product Marketing
Manager, Malvern Instruments, Tim Freeman, Managing Director, Freeman Technology & Brian Armstrong, Powder
Technologist, Freeman Technology
Most people dealing with powders will recognize the link between the
size and shape of particles and the ease with which they flow. However,
measuring and quantifying the effects of both particle size and shape on the
flowability of a powder is not without its challenges. Now though, modern
analytical technology is playing its part in bringing greater understanding
and practical benefits to powder processors.
In this article we present data generated to assess the impact of changes
in particle size and particle shape on powder flow parameters that correlate
directly with process performance. Each of the three analytical techniques
used to gather the data — laser diffraction particle size analysis, automated
image analysis (to characterize shape), and dynamic powder flow characterization — is powerful in its own right. In combination these techniques enable the correlation of fundamental particle characteristics with powder flow
behavior. Such information is of great value to powder processors, as can be
seen from the case study described.
Controlling Powder Flow
Manufacturers often seek to control powder flow in order to achieve
acceptable processing efficiency, for instance, or to meet product quality
targets. Sub-optimal flow is a major cause of plant stoppages and can be
detrimental to many important unit operations, including blending, filling,
granulation and tableting. However, optimizing powder flow behavior for a
given application can be challenging.

Central to this optimization process is the reliable measurement of
powder flow properties that are proven to correlate with in-process performance. Significant advances over the last ten years or so have seen the
notable introduction of dynamic powder characterization. The flow energy
parameters measured in dynamic testing directly and sensitively quantify
the ease with which a powder flows and are valuable indicators of in-process
performance. Such techniques therefore provide a solid foundation for investigating how parameters such as particle size and particle shape may be
manipulated to achieve better flow, and
by extension, more efficient processing.
Powder flowability is governed by a complex matrix of parameters; for
example, system variables such as the degree of aeration/compaction and
moisture content, as well as primary properties of the solid particles exemplified by size and shape. It has long been possible to assess the gross effects
of particle size on powder flow but for particle shape, scientific investigation
has been limited by the lack of statistically meaningful data.
Historically, particle shape measurement relied upon manual microscopy, a time-consuming and potentially subjective method with relatively
high levels of operator-to-operator variability. The advent of automated
imaging systems has transformed shape measurement, delivering statistically
relevant data in just a few minutes. Such data, in combination with reliable
powder flow testing, provide a platform for more systematic investigation of
how particle shape impacts powder flow.

Figure 1: Particle size analysis indicates that sample A has a narrower particle size distribution, than sample C,
centered on a larger particle size.

Case study: Investigating
the impact of size and
shape on the flow properties of sodium nitrite
An experimental study was
carried out to compare the
properties of two different
samples of sodium nitrite,
labeled A and C. The stimulus for the study was to learn
how to optimize the processes
used to produce sample C,
to give the same properties
as sample A, a commercially
available product. An initial
visual observation of the two
samples suggested significant

differences, with sample C
appearing more cohesive
and less free-flowing than A.
Particle size and shape measurement and powder flow
testing were carried out to
quantify and rationalize these
differences. All analyses were
at 25 C under low humidity
conditions since sodium nitrite is hygroscopic.
Figure 2: Powder flow behavior is influenced by the relative size of inter-particle
and gravitational forces. Finer particles
tend to flow less easily because the
strength of inter-particle forces is relatively
high, and the gravitational forces acting
on them are low.

Particle Size
The particle size distributions of the two samples
were compared using the
technique of laser diffraction
(Mastersizer 2000, Malvern
Instruments). Laser diffraction is an ensemble particle sizing method that
generates particle size distribution data from a detected pattern of scattered
light. Light passing through a sample is scattered by any particles present,
larger particles scattering strongly at relatively narrow angles to the incident
beam, while smaller particles, in contrast, scatter weakly at wider angles.
Dry dispersion of the sample was successfully applied to break up any agglomerates present, ensuring primary particle size measurement. The resulting data are shown in figure 1.
These initial results highlight marked differences between the two materials. Sample A has coarser particles and a narrower particle size distribution
than sample C, which, in contrast contains substantial amounts of finer
material.
As particles become finer the van der Waals forces of attraction between
them increase relatively. At the same time, particles with less mass are sub-

ject to lower gravitational forces. The net result of these effects is that finer
particles tend to flow less freely under gravity than coarser materials (see figure 2). The observed difference in particle size would therefore suggest that
sample C is likely to flow less well than sample A.
Particle Shape
To further explore differences between the two samples, particle shape
was measured for each using an automated image analysis system (Morphologi G3, Malvern Instruments). Automated imaging systems capture
tens of thousands of particle images in just a few minutes and from these
generate statistically valid size and shape distributions. Figure 3 shows images for sample A and C.
The visual differences between the two samples can be quantified using
appropriate shape parameters. Convexity, for
example, is a normalized measure of how rough the perimeter of the particle
is, rougher particles having a convexity close to zero. In this case, sample
A has a mean convexity of 0.99, while the equivalent figure for sample C
is 0.93. So, again these results suggest that sample A is likely to have better
flow properties, in this case because of its smooth surface texture, which
would tend to reduce friction between the particles.

Powder Flow
Dynamic testing was carried out to meaningfully quantify differences in
flow behavior between the two samples (FT4 Powder Rheometer, Freeman
Technology). Two flow energy parameters were measured: Basic Flowability
Energy (BFE) and Specific Energy (SE). These parameters are indicative of
how easily the powder flows when under compacting, or forcing conditions
(BFE), and when in a low stress or unconfined environment (SE). Most
importantly, such parameters have been shown to directly correlate with
how powders flow when processed, which means they can be used to assess
whether the powders will provide equivalent manufacturing performance.
BFE measurements are made under compacting conditions, by rotating
the helical blade of the instrument down
through the sample, causing particles to
shear against one another. When subjected
to this moderate compacting stress testing
regime, sample C exhibits a higher flow energy than sample A. The lower circularity
Over the last 10 years or so, significant advances in camera technology
and rougher surface texture of the sample
and computing power have combined to make automated imaging an
C particles results in greatly increased meattractive commercial reality. Modern systems are capable of capturing
chanical particle-to-particle interactions
which increase the powder’s resistance to
individual images of tens of thousands of particles which are then anathe compressive motion of the blade as it
lyzed to build up number based distributions of both size and shape.
‘bulldozes’ though the bed during the test.
Different shape parameters describe specific aspects of the morphologSE measurements are derived from the
ical character of a sample. For example, circularity is a normalized paramenergy required to move the blade upward
through the unconfined powder and can be
eter used to define how close a particle is to being a perfect sphere, or,
influenced as much by cohesion as they are
in 2-D terms circle, figures closer to 1 indicating a more circular shape.
by particle morphology and surface texture.
Convexity on the other hand relates to the smoothness the particle,
Cohesivity is strongly related to particle size,
materials with lower convexity having a rougher surface texture.
as finer powders have proportionally more
particle/particle contacts and lower individIn combination, the parameters generated by automated imaging allow
ual particle mass, hence the energy required
detailed classification and quantification of a sample according to size,
to separate them, their tensile strength, with
shape and even transparency, providing detailed insight that can be used
a test blade for example, will be higher.
to rationalize observed trends in behavior such as flowability.
Generally speaking, the higher the SE, the
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greater the tensile strength between the particles which is, in turn, a function of particle
size and cohesivity.
The overall conclusion of the study is that
the differences in particle size and distribution, along with those in particle shape and
surface roughness, have a direct impact on
the flowability of the sample. Sample C
flows substantially less easily than sample A
under both compacting and unconfined test
conditions and is therefore likely to exhibit
significantly different in-process behavior.
The focus for modifications to the process is
to produce coarser particles with a smoother,
regular shape. Continuing size and shape
analysis will support such development.
Conclusion
The advent of better analytical technologies makes it possible to systematically assess
the impact of particle size and shape on
Figure 3: Example images of particles from sample A and C show very obvious morphological
powder flowability. Enabling technologies
differences: both shape and surface roughness are dissimilar.
include dynamic powder testing, which has
brought reproducibility and process relevance
to powder flow testing, and automated imaging,
which delivers fast, statistically significant particle
shape data. Together these techniques provide
In dynamic powder testing the powder is measured whilst in flow.
access to a more scientifically rigorous approach
to correlating size, shape and powder flow. MeaPrecise measurement of the rotational and axial forces acting on a helisuring particle size and shape and correlating
cal blade as it rotates through a powder enables the calculation of flow
the results with process-relevant flowability data
energy, a direct measure of the resistance of the powder to flow. Flow
supports knowledge-led process and product deenergy measurements reproducibly and sensitively quantify powder flowvelopment and the more confident engineering of
powders with desirable characteristics.
ability, providing data that directly correlate with processing performance.
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Two key dynamic parameters are Basic Flowability Energy (BFE) and
Specific Energy (SE). In BFE testing the blade is rotated down through the
sample. This compacting/bulldozing action forces powder down against
the base of the test vessel, applying a compressive, high stress flow
regime. During SE testing, in contrast, the blade is rotated
upwards through the sample, applying a gentle, lifting
action. The data generated from this upward cycle are
then normalized against the mass of powder tested.
Application of these two different test methods provides complementary insight into flow behavior but,
beyond this, dynamic testing can be used to directly
investigate the impact of process variables known to
influence powder flowability, such as air content.
Dynamic testing can be applied to consolidated,
conditioned, aerated or even fluidized samples to
directly assess a powder’s response to air.

