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PowderMet2024, home to the largest annual exhibit in
the Americas featuring the leading suppliers of powder
metallurgy, particulate materials, metal injection molding,
and metal additive manufacturing processing equipment,
powders, and products, will showcase a massive display of
PM innovations and technology sessions.

By THERMAL PROCESSING STAFF

owder metallurgy can be an important part of the ther-

mal-processing world, so it’s important that companies

who offer this process, as well as companies who need it,

can come together in one place to share and discover the
latest innovations the powder metallurgy world has to offer.

For years now, the Metal Powders Industries Federation (MPIF) has
sponsored PowderMet, the leading technical conference on powder
metallurgy and particulate materials in the America.

PowderMet2024 is a hub for technology transfer for professionals
from every part of the industry, including buyers and specifiers of
metal powders, tooling and compacting presses, sintering furnaces,
furnace belts, powder handling and blending equipment, quality-con-
trol and automation equipment, particle-size and powder-character-
ization equipment, consulting and research services, and much more.

This year’s trade show is in Pittsburgh, Pennsylvania — the Steel
City — at the David L. Lawrence Convention Center, June 16-19.

PowderMet2024 is home to the largest annual exhibit in the
Americas showcasing the leading suppliers of powder metallurgy,
particulate materials, metal injection molding, and metal additive
manufacturing processing equipment, powders, and products. This
massive display of PM innovations is a must-see opportunity to review
the latest technology.

In addition to PowderMet, the event will be co-located with
AMPM2024, additive manufacturing with powder metallurgy.

Along with multiple exhibits, attendees will also have access to
more than 200 technical presentations from experts from all over
the world on the latest research and development.

The conference will open with welcome remarks from MPIF
Executive Director/CEO James P. Adams. MPIF President Mike Stucky
will share the State of the Industry report as well.

PowderMet2024 will offer a variety of networking opportunities
along with carefully planned technical programs that will allow
attendees to explore the exhibit hall, catch up on the latest R&D, and
celebrate industry achievements.

Some of the technical programs that may be of interest to indus-
trial heat treaters include (check the PowderMet2024 app for times):

EFFECT OF CHEMISTRY AND PROCESSING

ON SINTER-HARDENING PERFORMANCE

OF NON-STANDARDIZED ALLOY COMPOSITIONS

MPIF Standard 35 Grade FL-4800 base iron is an adaptable sinter-hard-
enable base iron, which can provide a fully martensitic structure on
large cross section parts. This base material is used in a number of
pre-alloyed and sinter-hardenable grades, but does not report a higher

graphite composition without the addition of copper. This work will
explore using this base iron in a number of compositions outside of
the typical standard. Mechanical properties on test bars and parts
are explored.

MECHANICAL AND DYNAMIC PROPERTIES OF
SUSTAINABLE POWDER METALLURGY ALLOY FL-5008
Sustainability is a growing trend within society and the automotive
industry. Powder metallurgy (PM) is already recognized as a green
technology that can address the sustainability requirements of cur-
rent and future applications. A recently introduced lean chromium
alloy was shown to provide similar mechanical performance to cop-
per steel materials. This alloy also has a sustainability advantage over
copper steels. For many applications, fatigue strength is a limiting
factor and reliable fatigue data and models are important in select-
ing the best material system. In this paper, the mechanical proper-
ties of the recently standardized material FL-5008 will be presented.
Additionally, fatigue data for the FL-5008 will be compared to copper
steels and a fracture mechanics model will be presented to reliably
predict the effect of density and stress concentrations on fatigue life.

A MELT-LESS METHOD FOR MAKING SPHERICAL
TIALLOY POWDER

Additive manufacturing (AM)is considered an energy-efficient alterna-
tive to conventional subtractive manufacturing of metals. However, the
high embodied energy of the feed materials undermines the merits of
energy saving in AM. Spherical Ti-6A1-4V alloy powder, widely used in
AM, is commercially produced by atomizing Ti alloys made from the
Kroll process. This production route incurs high energy consumption
due to the low yield, the energy-intensive processes of melting and
atomizing the metal into fine particles, and the production of the pri-
mary titanium metal. This paper presents a melt-less pathway, called
the GSD method, for fabricating spherical Ti-6A1-4V alloy powder from
low-cost feedstocks including alloy scrap or oxides. The chemical and
physical properties of the fabricated powders are evaluated for AM
applications. Energy consumption analysis suggests the process has the
potential to significantly reduce the energy consumption of producing
titanium alloy feedstock and improve the environmental impact of AM.

C18000 FOR SINTER-BASED

ADDITIVE MANUFACTURING

Pure copper has been receiving increased attention and development
efforts within the AM community due to its high electrical and ther-
mal conductivity. As the industry evolves, we will need to expand
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beyond pure copper to meet other application needs. C18000 is a pre-
cipitation hardened copper alloy that maintains a reasonable amount
of electrical conductivity, but achieves much higher strengths and
hardness than pure copper. Here we review results of C18000 printed
on a sinter-based AM technology that achieves high density, strength,
and conductivity.

VACUUM SINTERING OF HIGH-PERFORMANCE
PRE-ALLOYED STEEL

Vacuum sintering is a proven sintering method to improve mechani-
cal properties while eliminating oxidation potential and atmosphere
contamination in PM components. Recent progress in vacuum sinter-
ing technologies have made this sintering method an attractive manu-
facturing process for PM materials aiming for property improvement
and for the versatility and flexibility to control process parameters.
Vacuum sintering furnaces are available in both batch and continuous
configurations, with most furnaces using the batch configuration.
However, interest in continuous vacuum furnaces continues to grow
due to increased production requirements and the advantages over
batch vacuum furnaces for processing of larger production quanti-
ties. Currently, systematic studies are lacking to compare the vacuum
sintering processes with conventional sinter methods for PM steels.
In this paper, the sintering responses of a chromium-based, sinter
hardenable, pre-alloyed steel were examined in a vacuum.

SMART SOLUTIONS TO IMPROVE SINTERING
ATMOSPHERE AND PROCESS

The powder metallurgy industry is increasingly adopting Industry 4.0
technologies and solutions to improve production processes and prod-
uct quality. Proper specification, measurement, and control of fur-
nace atmospheres are always critical to achieving the desired metal-
lurgical and mechanical properties. The combination of atmosphere
measurements and other furnace operating parameters (e.g., furnace
temperature and pressure) can provide a better view of the whole
production. Thermodynamic calculations and field experiences can
be integrated into the smart solution to provide process engineers
more capabilities to manage and optimize production. In this article,
our recent research and development work on smart solutions for the
powder metallurgy industry will be presented and discussed.

PROCESSING OF HIGH ENTROPY

AL1.8-CR-CU-FE-NI2 VIA POWDER METALLURGY
High-entropy alloys (HEAs) are presently of great research interest in
materials science and engineering. HEAs typically contain at least five
elements with equimolar or near equimolar, normally 5 to 35 percent
concentrations. HEAs differ from traditional alloys because of high-
entropy effects, lattice distortion effects, kinetic delayed diffusion
effects, and “cocktail” effects. HEAs have the potential to be used in
many applications such as high temperature materials, cryogenic
materials, etc. The method traditionally used on industrial scales for
preparing HEAs is the vacuum melting method. However, the devel-
opment of HEAs has been hindered by microstructure defects caused
by vacuum melting such as shrinkage cavity, shrinkage porosity, and
segregation. This is the motivation for this study to investigate the
prospect of using powder metallurgy for preparing HEAs. The results
on the influence of the process parameters, e.g., sintering time, tem-
perature, and atmosphere on the microstructure and mechanical
properties of the final product will be presented.

ADDITIVE MANUFACTURING ENABLED TRANSITION
JOINTS BETWEEN AUSTENITIC AND FERRITIC STEELS

The difference in coefficient of thermal expansion (CTE) prevents
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joining of austenitic and ferritic alloys used in power plants. Further,
the difference in carbon chemical potential results in premature
service failure of these joints. We use blown powder additive manu-
facturing combined with thermo-kinetic calculations to design a
transition joint between stainless steel 347H and grade 91 steel to
reduce the CTE mismatch and obtain a shallower carbon chemical
potential gradient. Our characterization showed that, while the com-
position change was gradual, the phase change was abrupt, possibly
because of the dilution during additive manufacturing. Despite the
abrupt phase change, we did not observe cracking at the interphase
boundaries, but the dual phase austenitic-ferritic region served as a
the failure point during tensile testing. We also subjected the samples
to long-term aging to determine the phase stability upon elevated
temperature exposure.

INFLUENCE OF PARTICLE SIZE VARIATIONS AND
NANOPARTICLE COATING ON FLOW BEHAVIOR

OF 316L STAINLESS STEEL POWDER AND
MECHANICAL PROPERTIES IN POWDER-BASED
ADDITIVE MANUFACTURING

In powder-bed-based additive manufacturing (AM) processes, the
flowability of the powder is decisive for the quality of the manufac-
tured part. Since fine particle fractions worsen the flowability, in the
laser powder bed fusion (LPBF) process, the lower limit of the powder
fraction is usually 15 pm. Nanoparticle coatings can reduce the cohe-
sive forces between particles. It has been investigated how the fumed
silica (Si02) nanoparticle coating affects the initial flow behavior of
standard gas-atomized (15-45 pm) 316L powder and powders with
modified particle size distribution (0-45 pm, 15-63 pm, 0-63 um). It
was demonstrated that flowability and bulk density increased as a
result of the coating. Relative density and mechanical properties of
the LPBF specimen showed similar results compared to the uncoated
powder with increased tensile strength. The economic potential of
coated powder for AM was demonstrated by the successful LPBF pro-
cessing of fractions 15-45 pm and 0-63 pm.

MATERIALS EXTRUSION ADDITIVE MANUFACTURING
(MEX-AM) OF COPPER INFILL STRUCTURES

FOR ACCELERATED PART PRODUCTION

Material extrusion (MX) additive manufacturing (AM) combines fused
filament fabrication (FFF) and sintering processes to create intricate
metallic or ceramic structures using powder-filled polymer filaments.
While MX-AM offers design freedom, it faces challenges such as dif-
ferential debinding in complex parts, leading to cracking and failure.
This study explores design and process strategies to mitigate these
issues. Copper-filled filaments with 61 vol.% solids were used to 3D
print lattice-based infill structures. Samples underwent direct sinter-
ing or debinding followed by sintering and were characterized for
physical and mechanical properties. Results shed light on density,
shrinkage, and mechanical properties for different infill densities
(25 percent, 50 percent, 75 percent) using both sintering methods.
Findings provide valuable insights for future research and industry,
offering innovative strategies for 3D printing complex parts while
addressing associated defects and challenges.

UNDERSTANDING CARBON FOOTPRINT

AND COSTS OF ATMOSPHERE AND VACUUM THERMAL
PROCESSING

With a growing awareness of the environmental impact of thermal

processing, environmental considerations are becoming more critical

in operations and facilities planning. While financial planning infor-
mation is often readily available, it can be difficult for heat treaters to



compare equipment from a standpoint of environmental impact. This
is due in part to the complex and nuanced differences in equipment
design and operation with emissions occurring both on and off-site. In
this presentation, a case study comparing a gas-fired atmosphere IQ
and an electric batch vacuum furnace will be shared. We will review
the technical specifications for each piece of equipment and compare
utility and energy consumption, operating cost, and CO, emissions.
We will also highlight the impact of several design variables to con-
sider when specifying and operating equipment. Although the case
study is specific, many of the takeaways are generally applicable and
can provide insights into how different approaches to heat treat pro-
cessing can impact operations and the environment.

REDUCE FRICTION WITH A SECONDARY
MECHANICAL/CHEMICAL SURFACE TREATMENT
PROCESS

In this presentation, we will review a new mechano/chemical surface
treatment process that greatly improves the frictional characteristics
of intermeshing metallic surfaces. This novel process combines con-
trolled contact between the surface-to-be-treated and carrier materials
with the addition of bespoke formulations of chemistry to achieve an
improved operational interface, both mechanically and tribologically.
The chemistries are specially formulated to chemically react and dif-
fuse into the part surface creating an anti-friction/anti-wear nano layer
while simultaneously improving surface topography. This results in
surfaces with improved frictional coefficients and greater operational
efficiencies that result from a reduction in heat and improved wear life.

HOT ISOSTATIC PRESSING OPTIMIZATION OF
ADDITIVE AND MICRO-ADDITIVE MANUFACTURED
316L STAINLESS STEEL VIA METAL BINDER JETTING
AND METAL MATERIAL JETTING

Hot isostatic pressing (HIP) is a post-process heat treatment used pri-
marily to improve density, often required for metal additive manufac-
turing (AM) components in engineering industries, such as aerospace,
automotive, and medical. Since its invention in the 1950s, newer HIP
equipment has incorporated rapid cooling or quenching, allowing
for better microstructural control. To date, a large deal of literature
exists for HIP of laser-based AM, but few for sinter-based AM (SBAM).
SBAM continues to grow in popularity due to its capability for large
scale production and more accessible range of printable material sys-
tems. With this in mind, there exists a need to better understand the
effects of HIP on their microstructures and mechanical properties. A
matrix consisting of altering temperatures (1,000, 1,150, and 1,250°C)
and pressures (100, 140, and 207 MPa) was designed for HIP of 316L
stainless steel components with the incorporation of rapid cooling.
Components were printed via metal binder jetting and metal material
jetting for a comparative study between existing AM and micro-AM
(metal material jetting —i.e., nanoparticle jetting) processes in their
as-sintered and HIP’d conditions. Scanning electron and scanning
transmission electron microscopy were implemented to characterize
and quantify the resulting microstructures following each processing
condition, including existing phases, defects or inclusions, and their
morphologies. Bulk density was measured to determine the effective-
ness of HIP parameters, while tensile properties and microhardness
were measured to determine their mechanical performance.

ADVANCED HIP SOLUTIONS — EXPANDING
POSSIBILITIES FOR AM APPLICATIONS

The AM community has accepted hot isostatic pressing (HIP) as a
key quality assurance tool, much in the way the casting industry did
decades ago. HIP’s ability to eliminate internal porosity is essential

for critical applications given the phenomenon of shrinkage as alloys
solidify and the fact resultant pores degrade mechanical, corrosion,
and sealing properties. There is a practical balance to be found in both
the foundry and AM industries where adding HIP as a secondary oper-
ation allows for more cost and time savings vs. trying to design and
test for net-zero shrinkage. Advances in the science of HIP are uncov-
ering new options to lower costs and optimize processing parameters
for AM. However, the use of HIP has expanded well beyond porosity
elimination into the areas of powder metallurgy (PM) near-net shape
(NNS) design and production of massive components, diffusion bond-
ing for high-temperature applications, and HIP cladding of premium
materials (typically corrosion and/or wear resistant) onto selective
areas of need only. All highlight HIP’s ability to bond powder-to-pow-
der, powder-to-solid, and solid-to-solid dissimilar materials. As the
design of engineered materials continually advances and the demand
for higher sustained operating temperatures increases in aero and
orbital space flight and nuclear energy, HIP offers another vital tool
to achieve these goals.

DEVELOP LOW BINDER TUNGSTEN

CARBIDE GRADES USING BINDER JETTING

Cemented tungsten carbides are the most widely used materials in
the metal-cutting industry and wear-resistant applications because of
the high hardness and wear resistance. Carbides made by beam-based
additive manufacturing have low quality due to large pores, inho-
mogeneous microstructures, and cracks. Binder jetting can produce
carbides with microstructure and properties similar to those made by
traditional powder metallurgy processes. Previous work has demon-
strated the success of printing cemented carbides with high metallic
binders. However, it is more challenging to print carbides that are
comparable to conventional materials when the metallic binders are
below 15 wt.%. This work focuses on the development of cemented
tungsten carbides with 10-17 wt.% of metallic binders using binder
jetting. The relationship between powder, printing, and sintering to
produce commercial quality carbides will be discussed. In addition,
applications enabled by using DFAM principles will be presented.

MECHANICAL BEHAVIOR OF REACTIVE LASER
POWDER BED FUSED OF BORATED ALUMINUM

ALLOY 6061

This study focuses on determining the impact of finely-dispersed
boron on the structural mechanical behavior of additively manufac-
tured aluminum alloy 6061 (AA-6061). Reactive additive manufactur-
ing (RAM) through laser powder bed fusion (L-PBF) is employed to
overcome the hot cracking challenges associated with AM of AA-6061
by introducing ceramic elements for enhanced manufacturability
and grain refinement. Small cubes were made via RAM/L-PBF fol-
lowed by their electrical discharge machining (EDM) to harvest both
vertically- and diagonally-oriented miniature (approx. 20 mm total
length) tensile specimens from them. These specimens, together with
wrought AA-6061, were tested for tensile strength using a micro-ten-
sile testing system. Results from testing miniature tensile specimens
and ASTM standardized tensile specimens of the wrought AA-6061
are presented to help support ongoing certification efforts of this
material in the nuclear industry. The tensile behavior between the
RAM/L-PBF and wrought AA-6061 are presented and their implica-
tions discussed. The RAM powder technology will also be a focus of
the presentation. §

MORE INFO www.mpif.org/Events/PowderMet2024/FinalPowderMet
HomePage.aspx
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