Additive
Manufacturing
Characterization of
powder-bed based
manufacturing

CHARACTERIZATION OF POWDERS FOR
ADDITIVE MANUFACTURING (AM)
Additive manufacturing (AM) and its
continuing evolution offers substantial
potential benefits to industry
and promises to write the newest
chapter in the industrial revolution.
AM, sometimes referred to as 3D
printing, offers a vast improvement
in manufacturing technology with its
ability to produce complex designs
on demand. These designs include
very intricate internal channels and
elaborate lattices, providing superior
strength to the product and greater
single piece functionality, while
substantially reducing weight as
compared to traditional subtractive
manufacturing methods.

The physical characteristics of powders
used in additive manufacturing have
a significant influence on process
efficiencies and the performance
and quality of the final product. The
physical and chemical character of
the powders used in AM, such as size,
shape, surface area, porosity, and
impurity content, are vitally important
elements that effect reproducibility and
the quality of the process methodology.
Determining the properties of powders
used in AM manufacturing is an
absolute requirement for industry
to assuredly elect raw material
powders that will deliver build
consistency and a final product with
known and expected properties.

Although traditional subtractive
manufacturing processes such as CNC
machining are more suited to higher
volumes and are less expensive per
part than AM, they work by removing
material from a larger block to achieve
the final desired form. These processes
therefore can lead to a significant
waste of material and importantly they
lack key and revolutionary abilities
that AM can offer such as the creation
of hollow and porous products, the
incorporation of two or more additional
materials and fast prototyping.
AM builds components by powder
bed fusion where powder is added
in successive layers of multiple thin
sheets of materials that are fused
by laser or electron beams. Additive
Manufacturing produces complex,
high-value parts with intricate features,
which cannot be fabricated through
subtractive manufacturing methods.
Additive manufacturing also has
the benefit that parts can be made
without tooling, and with the ability
to go directly from a digital design
to finished part. AM also produces
very little waste when compared to
subtractive processes. AM is ideal for
fast, intricate, inexpensive prototyping.
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Particle Size

Porosity

One of the most critical attributes
for control, particle size is essential
to the AM process. Particle size
distribution has a direct influence on
powder flowability and the ability to
provide a uniform powder bed density.
This in turn determines the energy
input needed to process the powder
grains and also affects the surface
finish. Laser diffraction is the most
accepted analytical technique utilized
for the determination of particle
size and particle size distribution.

In additive manufacturing porosity will influence the final mechanical strength and
quality of the finished component. Porosity is usually controlled to minimize its
affects to material properties, hardness, and surface finish. Porosity can actually be
a designed parameter for the final product. For example, artificial bone implants
need to match the surrounding bone porosities or are specified in the design of
the implant to give lighter weight, yet maintain the desired mechanical strength.

The Micromeritics Saturn DigiSizer
II makes use of leading-edge digital
technology including a high resolution
charge coupled device (CCD)
detector to significantly improve the
sensitivity, resolution, reproducibility,
and repeatability of the laser light
scattering particle sizing technique.

Mercury Intrusion is a well proven and unique technique to measure the porosity
characteristics of powders and formed products. This technique is based on
the intrusion of mercury into a porous structure under stringently controlled
pressures. Besides offering speed, high resolution, and a wide measurement
range, mercury porosimetry permits you to calculate numerous sample properties
such as pore size distributions, total pore volume, total pore surface area, median
pore diameter, sample densities (bulk and skeletal), and percentage porosity.
The AutoPore V Series mercury porosimeters from Micromeritics offer a safe
and automated route to carrying out high precision intrusion studies on both
powdered and solid samples. Resolution in the intrusion profile of 0.1 µL is
achievable and the software features comprehensive reporting options

Particle Shape
The shape of powder particles also influence the bulk packing and flow
properties of a powder feedstock. Spherical particles are expected to
arrange and pack more efficiently than non-symmetrical particles. A
spherical shape facilitates the flowability of powders and ensures more
uniform powder layers in powder bed system. Shape also directly
influences the powder bed packing density and subsequently the
apparent density of final products. Irregular shaped particles can lower
the final component density and lead to an increase in porosity.
The Micromeritics/Particulate Systems Particle Insight is a state-ofthe art dynamic image analyzer. The dynamic imaging technique used
by the Particle Insight captures and characterizes particles in motion
providing critical shape information. Besides particle size, numerous shape
parameters are obtained. As the images are captured, statistical data for
all measurement parameters are calculated and recorded. At the same
time, thumbnail images of each particle are saved for post-analysis viewing
and further data processing/optimization. The Particle Insight offers up
to 28 different shape parameters analyzed and reported in real-time.
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Density (true, apparent, envelope and bulk/TAP)

Surface Area

True density is an inherent property
of a material, whilst apparent density
takes account of occluded voids within a
material. Having knowledge of the true
and/or apparent density of a material
feedstock is important to the powder
bed formation and sintering kinetics
as well as the porosity, or indeed lack
of porosity in the final product. Bulk
density is influenced principally by
the distribution of particle sizes and
shapes. Bulk density is important in
establishing material specifications and
can give confidence regarding powder
flowability and bed formation. Envelope
density is based on the geometric
volume of a sample and is useful when
characterizing the end product as it
can measure the volume of intricate
and irregular end product. When
combined with the true density from
the AccuPyc measurement, porosity
can be determined quickly and easily.

The actual amount of surface area per unit mass of powder is of great
importance. Surface area indicates the amount of sample surface available to
react with other component particles and/or the surrounding environment.
Particles having rough surfaces or internal porosity will generally exhibit higher
specific surface areas. Surface area therefore is a critical tool in investigating
the kinetics of the sintering process and end product properties.

The AccuPyc helium pycnometer
and GeoPyc Envelope/TAP density
analyzer from Micromeritics permit
the user to carry out key density
and porosity measurements that are
needed to approve raw materials,
standardize process parameters and
provide an indication of end product
quality. Both instruments utilize nondestructive testing methods and when
used in tandem can indicate total
porosity of the finished product.
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The specific surface area of a powdered material can be measured by gas
adsorption using the long established BET method. In this experiment
(typically) nitrogen gas is physisorbed at cryogenic temperatures and
the quantity needed to form a mono layer on the surface determined
by applying the BET method to the collected isotherm data.
The TriStar II Plus gas adsorption analyzer from Micromeritics measures
the BET Surface area of both powdered and formed materials. This three
port instrument offers high throughput analysis of samples and a krypton
gas option is also available to analyze low surface area materials.

Surface Topography
Surface topography enables us to view
the textural properties of a surface both
visually and chemically. Using scanning
electron microscopy (SEM), an analyst
can probe the surface to view material
microstructures such as surface voids,
fissures/cracks and edge dislocations and
has therefore an obvious use in component
failure analysis. SEM is also used to analyze
raw material powders used in AM. For
example, to detect agglomerations, surface
roughness, and to see the ratio of spherical
to irregular shaped particles; all of which
impact powder flowability and sintering.
The Phenom ProX ™ desktop SEM is a
combined imaging and X-ray analysis
bench top system. With the Phenom
ProX , sample structures can be visually
examined and their elemental composition
determined. Advanced software and the
optionally availability of an energy dispersive
spectroscopy (EDS) module permits the user
to perform not only optical analysis, but the
ability to carry out elemental analysis as well.
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