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Abstract

Powder flowability is a critical property that determines the behavior of powder materials during processing,
storage, and handling. It is essential in various industries, such as pharmaceuticals, food processing, and materials
engineering. The ability to predict and control powder flow ensures efficient manufacturing processes, consistent
product quality, and optimal performance of powder-based systems. This article explores the factors that affect
powder flowability, including particle size, shape, moisture content, and cohesiveness. It also discusses measurement
techniques, challenges faced in powder handling, and methods to improve flowability. Understanding and controlling
powder flowability are crucial for ensuring the success of powder-based applications.
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Introduction

Powders are commonly used in a wide range of industries,
including pharmaceuticals, food processing, cosmetics, and materials
engineering. The flowability of powders is a fundamental property that
impacts their processing, handling, and end-product performance [1].
Flowability refers to a powder's ability to flow easily under various
conditions, such as when subjected to external forces like gravity or
mechanical agitation. It is essential to understand and control powder
flowability to optimize processes like mixing, filling, and compaction.
In many applications, poor powder flowability can lead to issues such
as blockages, inconsistent dosing, poor uniformity, and defects in
the final product. As such, this article will provide an overview of the
factors affecting powder flowability [2], measurement methods, and
strategies for improving it.

Factors affecting powder flowability

Particle size and distribution: The size and distribution of
particles within a powder directly influence its flow characteristics.
Powders with fine particles tend to exhibit poor flowability due to
their increased surface area and higher tendency to form inter-particle
forces, such as van der Waals forces or hydrogen bonding. Coarse
powders, on the other hand, may flow more easily but could exhibit
poor packing efficiency.

The distribution of particle sizes also plays a critical role. Powders
with a broad particle size distribution (where both fine and coarse
particles are present) can have improved packing, leading to better
flowability compared to powders with a narrow size distribution [3].
This is because the smaller particles fill the gaps between larger ones,
resulting in a denser packing arrangement.

Particle shape: The shape of powder particles affects their
interaction with one another and the surrounding environment.
Irregularly shaped particles, such as flakes or needles, tend to interlock
and form aggregates, reducing flowability. On the other hand, spherical
particles or particles with smooth surfaces are more likely to flow
freely, as they do not interlock as easily. Additionally, particle shape
can influence the powder’s ability to pack and its bulk density.

Moisture content: Moisture is another key factor influencing
powder flowability [4]. Powder particles can adsorb moisture from

the environment, causing them to stick together and form clumps
or aggregates. The presence of excess moisture generally leads to
poor flowability, as the powder becomes more cohesive. Conversely,
powders with very low moisture content may exhibit poor cohesion,
leading to a tendency to separate or scatter during handling.

The optimal moisture content for powder flowability varies
depending on the material, and maintaining a balanced moisture level
is essential for maintaining flow properties.

Cohesion and adhesion forces: Cohesion refers to the internal
forces that cause powder particles to stick together, while adhesion
refers to the forces that attract powder particles to surfaces. Both types
of forces affect how easily the powder can flow [5]. Powders with
high cohesion, such as those with high surface energy or electrostatic
charges, are more prone to clumping and tend to flow poorly. Similarly,
powders that strongly adhere to the processing equipment or containers
can create friction, reducing flowability.

The role of cohesion and adhesion is particularly significant in
processing steps such as powder compaction, tablet formation, and
powder filling.

Measurement techniques for powder flowability

Accurate measurement of powder flowability is essential for
ensuring optimal processing conditions. Several techniques are used
to evaluate flowability [6], each providing different insights into the
powder’s behavior:

Angle of repose: The angle of repose measures the maximum
angle at which a powder can be piled without collapsing. A steep angle
indicates poor flowability, while a shallow angle suggests good flow.
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This simple test is commonly used in industries like pharmaceuticals
and food processing.

Shear testing: Shear testing evaluates the powder's resistance to
deformation under applied stress. This method uses instruments like
the powder rheometer or the wall friction tester to simulate handling
conditions and assess how the powder behaves under different stress
levels. The results help determine the powder’s yield stress, which is an
important indicator of flowability.

Bulk and tapped density: Bulk density refers to the mass of
powder per unit volume before any compaction, while tapped density
is the density achieved after tapping or shaking the powder [7]. A high
bulk density coupled with a low tapped density typically suggests poor
flowability, as the powder will likely resist compaction and exhibit a
tendency to clump.

Flow function: This test involves applying increasing pressure
to a powder sample and measuring how it flows. The data obtained
helps assess the powder’s flowability under different conditions, which
is particularly useful for designing efficient handling and processing
systems.

Improving powder flowability

Several strategies can be employed to improve the flowability of
powders:

Particle engineering: By modifying particle size and shape,
manufacturers can optimize the flow properties of powders. Techniques
like milling, sieving, and spray drying can be used to produce powders
with more favorable flow characteristics. Coating particles with
lubricants or other additives can also reduce friction and improve flow

(8].

Moisture control: Proper storage conditions and moisture control
are crucial for maintaining powder flowability. Powders should be
kept in moisture-controlled environments to prevent clumping due to
excessive humidity. Dehumidification systems or moisture-absorbing
additives can help maintain optimal flow conditions.

Additives and flow agents: The addition of flow agents, such as
silicon dioxide or magnesium stearate, can significantly improve
powder flowability [9,10]. These agents reduce the cohesion between
particles, allowing for smoother flow during processing.

Optimization of processing conditions: Fine-tuning the
conditions under which powders are handled—such as the speed and

method of mixing, storage techniques, and the type of equipment
used—can enhance flowability. Employing mechanical aids, such as
vibrators or air fluidization systems, can also help reduce the risk of
blockages and enhance powder movement.

Conclusion

Powder flowability is a complex property that significantly
influences manufacturing processes in various industries.
Understanding the factors that affect powder flow, such as particle size,
shape, moisture content, and cohesiveness, is essential for optimizing
production efficiency and ensuring the quality of the final product.
Measurement techniques like angle of repose, shear testing, and
bulk density provide valuable insights into powder behavior, while
methods such as particle engineering, moisture control, and the use of
flow agents can help improve flowability. By addressing these factors,
industries can ensure the smooth and efficient handling of powders,
leading to better processing outcomes and product consistency.
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