
https://www.pim-international.com/


June 2021    PIM International 3

For the MIM, CIM and sinter-based AM industries

Publisher & Editorial Offices
Inovar Communications Ltd 
11 Park Plaza
Battlefield Enterprise Park
Shrewsbury SY1 3AF 
United Kingdom

Tel: +44 (0)1743 469909  
www.pim-international.com 

Managing Director & Editor 
Nick Williams 
nick@inovar-communications.com  

Group News Editor 
Paul Whittaker 
paul@inovar-communications.com 

Deputy Editor
Emily-Jo Hopson-VandenBos
emily-jo@inovar-communications.com 

Assistant Editors
Kim Hayes
kim@inovar-communications.com 

Charlie Hopson-VandenBos 
charlie@inovar-communications.com 

Production Manager 
Hugo Ribeiro 
hugo@inovar-communications.com 

Advertising 
Jon Craxford, Advertising Sales Director 
Tel: +44 (0)207 1939 749 
jon@inovar-communications.com

Consulting Editors 
Prof Randall M German
Former Professor of Mechanical Engineering,  
San Diego State University, USA 

Dr Yoshiyuki Kato
Kato Professional Engineer Office, Yokohama, Japan 

Professor Dr Frank Petzoldt
Deputy Director, Fraunhofer IFAM, Bremen, Germany

Dr David Whittaker
DWA Consulting, Wolverhampton, UK

Bernard Williams 
Consultant, Shrewsbury, UK 

Subscriptions
Powder Injection Moulding International is published 
on a quarterly basis as either a free digital publication 
or via a paid print subscription. The annual print 
subscription charge for four issues is £145.00 
including shipping.

Accuracy of contents
Whilst every effort has been made to ensure the 
accuracy of the information in this publication, 
the publisher accepts no responsibility for errors 
or omissions or for any consequences arising 
there from. Inovar Communications Ltd cannot be 
held responsible for views or claims expressed by 
contributors or advertisers, which are not necessarily 
those of the publisher. 

Advertisements 
Although all advertising material is expected to 
conform to ethical standards, inclusion in this 
publication does not constitute a guarantee or 
endorsement of the quality or value of such product or 
of the claims made by its manufacturer.

Reproduction, storage and usage 
Single photocopies of articles may be made for 
personal use in accordance with national copyright 
laws. All rights reserved. Except as outlined above, 
no part of this publication may be reproduced or 
transmitted in any form or by any means, electronic, 
photocopying or otherwise, without prior permission of 
the publisher and copyright owner. 

Printed by
Cambrian Printers, Aberystwyth, United Kingdom
ISSN 1753-1497 (print) 
ISSN 2055-6667 (online)

Vol. 15 No. 2 June 2021
© 2021 Inovar Communications Ltd

Cover image  
A 17-4 PH end of arm tooling 
application produced by Binder Jetting 
that was used on the end of a 6-axis 
Fanuc robot. 
(Courtesy FreeFORM Technologies)

The future of Binder Jetting 
through the present of MIM
At PIM International, we have always believed that to understand 
the future potential of high-volume production using metal Binder 
Jetting (BJT), you have to also understand the present status 
of Metal Injection Moulding. The recent announcement from 
Cummins that it is finalising PPAP approval for its first metal BJT 
application, to be used in a fuel injection system and produced 
using GE Additive’s Binder Jetting technology, is exciting news for 
this promising technology.
 
However, it is important to recognise that small, highly-complex 
fuel injection parts have been big business for the global MIM 
industry for many years. The use of BJT to take some of these 
parts to the next level of complexity is, therefore, a natural 
evolution of two technologies that are inextricably linked.
 
Will BJT hurt MIM producers in the future? From our perspective, 
the opposite is playing out. A large number of MIM producers 
are actively leveraging their existing expertise and exploring how 
sinter-based AM technologies such as BJT can open up new 
business opportunities.
 
As Metal Powder Industries Federation President Dean Howard 
stated in his ‘State of the PM Industry in North America—2021’ 
presentation at the recent PowderMet conference, “It is safe 
to say that the partition between MIM and AM processes is 
disappearing.”
 
We’d agree with the above, with the caveat that we see clear 
distinctions between the adoption paths of sinter-based AM 
technologies, driven by those with debinding and sintering 
expertise, and more established metal AM technologies such as 
Laser and Electron Beam Powder Bed Fusion. 

Nick Williams,
Managing Director & Editor

• A direct replacement for all current 

commercially available catalytic debind 

feedstocks

• Improved flow

• Stronger green and brown parts 

• More materials available and better 

surface finish

• Custom scale-up factors available

• Faster cycle times

• 65°C / 150°F mold temperature

CataMIM®

• Water Debind

• Custom scale-up factors available

• Large selection of available materials

• Solvent, Super Critical Fluid Extraction (SFE) or 

Thermal Debind methods

• Hundreds of materials available

• Custom scale-up factors available

SolvMIM®

AquaMIM®

• At RYER, all our feedstocks are manufactured to the highest level of 

quality, with excellent batch-to-batch repeatability.

• RYER is the ONLY commercially available feedstock manufacturer to 

offer all five debind methods. 

• RYER offers the largest material selections of any commercially 

available feedstock manufacturer.

• RYER offers technical support for feedstock selection, injection 

molding, debinding and sintering.
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From the Office to the Factory Floor
3D printing metal starts and ends here

�	The ExOne Metal DesignlabTM and X1F furnace is the   

 world’s fastest bound-metal office 3D printing system

�	Parts are 3D printed with HydroFuseTM, an innovative   

 water-based paste containing metal powders

�	This true Print Today, Parts Tomorrow™ technology by  

 Rapidia begins shipping soon

NEW
LEARN MORE
exone.com/metaldesignlab

Pictured left to right: InnoventPro™, X1 25Pro®, X1 160Pro®, and X1D1 automated guided vehicle

�	The ExOne family of production metal 3D printers,   

 shown below, can process 20+ metals and ceramics

�	InnoventProTM, shipping by year-end, will be the   

 most advanced entry-level binder jetting system for   

 metal

67 FreeFORM Technologies: Leveraging 
MIM expertise to drive application 
development in metal Binder Jetting 

 The synergies between Metal Injection 
Moulding and metal Binder Jetting are 
well known. Leveraging these synergies 
with the intention of accelerating binder 
jet application development is FreeFORM 
Technologies, whose team includes 
several experienced former MIM industry 
professionals. 

 Here, FreeFORM’s Nate Higgins, Chris 
Aiello, Eric Wonderling and Meghan Kephart 
explore what has held Binder Jetting back 
until now, and how they intend to overcome 
these barriers. >>> 

In this issue
75 MIMplus Technologies:  

How innovation and research is 
driving developments in NdFeB 
magnets and sinter-based AM 

 MIMplus Technologies has a proven track 
record in MIM materials, process and 
application development. Now, the company 
is further increasing its market reach and 
production capability through research-driven 
material and process developments. 

 As Dr Georg 
Schlieper 
explains, the first 
of the company’s 
two main areas of 
current innovation 
is the production 
of NdFeB hard 
magnets, using recycled materials, by MIM. 
The second is in sinter-based Additive 
Manufacturing, where MIMplus is working 
closely with Germany’s Headmade Materials 
and Israel’s Tritone Technologies on the 
commercial development of their very distinct 
production processes. >>>

38 71 937859

https://www.pim-international.com/
https://www.exone.com/metaldesignlab
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Keramische Folien GmbH & Co. KG

Tel.: +49 (0) 96 45 - 88 300
cts@kerafol.com

• Low weight
• Good mechanical stability
• Low heat capacity
• Solvent and acid resistant
• high open porosity
• dust- and particle-free surface
• homogeneous shrinkage
• Absorbtion of the binder into 
   the pores during the 
   debindering process
• Very smooth surface fi nish
• Compatibility to Molybdenum,
    CFC, RSiC
• Good to very good thermal 
    shock resistance 
• Handling and assembly 
    with robots possible

Al2O3      ZrO2     LTCC     MIM
Dentalceramics

85 Catamold® motion 8620: BASF’s new low alloy 
feedstock based on pre-alloyed metal powders

 BASF SE, the market leader in feedstocks for Metal 
Injection Moulding (MIM), has expanded its feedstock range 
with the release of Catamold® motion 8620, a low alloy 
steel feedstock suited to high performance automotive 
applications. In this paper, the company’s Marie-Claire 
Hermant, Rudolf Seiler, and Thorsten Staudt introduce 
the new feedstock and the strategy behind the move to 
pre-alloyed, water atomised powders. 

 The properties and performance of the new system are 
compared with those of the company’s existing Catamold 
8620 that uses the master alloy approach. >>>

93 Winkworth: The development of custom 
solutions for the mixing of MIM feedstocks

  Whilst many MIM companies choose to purchase 
commercially available ‘off the shelf’ feedstocks, a 
significant proportion continue to manufacture their own - 
or use both routes. Motives can range from a desire to use 
a proprietary binder composition for specific applications, 
to simple cost savings. What is critical is that in-house 
produced feedstocks are manufactured to the highest 
quality and with excellent batch-to-batch repeatability. 

 In this article, Grant Jamieson, Managing Director of 
Winkworth Machinery Ltd, reviews the process of mixing, 
extruding and pelletising MIM feedstocks and introduces 
a specially-developed machine that combines these three 
operations.  >>>

09 News
  

99 Advertisers’ index & buyer’s guide 
  Discover the leading suppliers of materials and equipment 

for MIM, CIM and sinter-based AM, as well as part 
manufacturing partners and more. >>>

102 Events guide 
  View a list of upcoming events for the MIM, CIM & sinter-

based AM industries. >>>

Regular features...

3D Systems’ advanced metal additive manufacturing, expertise, and technology transfer 
help you overcome your design and production challenges.

Semiconductor manufacturers are under increased pressure to deliver the next leap forward in 
microchip manufacturing equipment. 3D Systems’ additive manufacturing  technology and 
expertise can help you maximize performance, quality, yield, and reliability — allowing you to
defy the limitations of conventional manufacturing.

KEY BENEFITS

•   Improve accuracy, speed, 
reliability, and throughput

•   Maximize heat transfer efficiency

•   Optimize fluid flow

•   Reduce mechanical 
disturbances and vibrations

•   Improve kinematic and static 
performance

•   Replace multipart assemblies 
with monolithic parts

•   Design and production 
consulting from our additive 
manufacturing and 
semiconductor experts

High Performance
Semiconductor Equipment
Starts Here

Learn more at
3dsystems.com/semiconductor

https://www.kerafol.com/
https://www.3dsystems.com/semiconductor?utm_source=Metal_AM&utm_medium=Print_Ad&utm_campaign=7012T0000021m6P&utm_content=FY21_SEMICONDUCTORS_Q2_MBU_MGEO_PLAY_PRNT_Semi_landing_metalAM
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THE SECRET OF SUCCESSFUL 
MOLDERS

Optimize injection processes in every detail. 
And find the actually most efficient solution. 
www.sigmasoft.de

Industry News

BASF SE, the market leader in feedstocks for Metal 
Injection Moulding, has expanded its range of feedstock 
offerings with the release of Catamold® motion 8620 (AISI/
SAE 8620, DIN 1.6523, UNS G86200), a low alloy steel well 
suited to applications such as high-performance automo-
tive components.

Catamold motion feedstocks are produced with 
pre-alloyed water atomised powders, rather than the 
more conventional blending of carbonyl iron powders 
and a master alloy. Whilst the master alloy approach of 
mixing highly alloyed powders with pure iron powders 
to produce a wide variety of low alloy carbon steels and 
stainless steels is well established in the MIM industry, 
an increased number of producers offering pre-alloyed 
atomised powders, in parallel with a streamlining of alloy 
portfolios, are making the use of pre-alloyed powder in 
Catamold motion more competitive.

Catamold motion 8620 offers the same properties 
as the established Catamold 8620, including chemical 
composition, final density, porosity and microstructure, 

BASF launches new 
Catamold® motion 8620 
feedstock, embracing a 
move to pre-alloyed, water 
atomised powders

but brings improvements in processability as well as 
mechanical properties. Identified potential applications for 
Catamold motion 8620 include eRocker arms for cylinder 
deactivation in car engines, contributing to a reduction in 
NOx and CO2 emissions.

www.catamold.com  

From left: BASF’s Catamold feedstock, an as moulded 
part, a green part, and an as-sintered part  
(Courtesy BASF SE)

Contact us   
TEKNA.COM

MIM POWDER 
MANUFACTURER
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In the technical review starting on page 85 of this 
issue of PIM International, BASF compares the 
properties and performance of the new system with 
those of the company’s existing Catamold 8620 
feedstock that uses the master alloy approach.

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/
https://www.sigmasoft.de/en/home/
https://www.tekna.com/
https://www.tekna.com/webinars
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EXPLORE OUR MARKET-LEADING RANGE OF FINE METAL POWDERS  
metalpowder.sandvik

WHEN CONSISTENCY IS KEY
THE RIGHT PARTNER IS EVERYTHING
History is important – as are innovations. Just imagine what 15  years of materials expertise and nearly 
half a century in powder atomization could do for you. Sandvik adds true value to your business 
through world leading R&D and the widest range of metal powders on the market — including 
Osprey® nickel-free stainless steel, aluminum, and premium titanium powder, tailored to perfection for 
technologies such as metal injection molding and binder jetting. Our in-house atomizing facilities 
produce customized and highly consistent metal powders with excellent morphology, at any fraction 
your process requires. So, when you expect more than just a material... The right partner is everything.

MEET OUR METAL POWDER AND ADDITIVE MANUFACTURING EXPERTS AT 

EURO PM2021  |  October 18-22  |  europm2021.com
Additive by Sandvik: Material Matters  |  Interactive webinar series  |  metalpowder.sandvik/webinar

ESTAD 2021  |  August 30 - September 2  |  estad2021.com

Industry News

Cummins Inc., Columbus, Indiana, 
USA, reports that it is finalising its 
first production part made using 
metal Binder Jetting (BJT) Additive 
Manufacturing technology, marking a 
significant milestone in the company’s 
adoption of Additive Manufacturing.

The component, a Cummins Emis-
sion Solutions (CES) lance tip adapter 
used in high-horsepower engines, 
is now moving through Cummins’ 
production part approval process 
(PPAP) for formal approval. The 
lance tip adapter, a critical emissions 
component in Cummins engines, 
atomises and injects diesel exhaust 
fluid into the engine exhaust stream 
to reduce the amount of nitrogen 
oxides (NOx) emitted from Cummins’ 
engine systems.

“This is incredibly exciting, as 
it signifies yet another significant 
milestone in our 3D and Additive 
Manufacturing roadmap,” stated Tim 
Millwood, vice president of Global 
Manufacturing. “We’re on the cusp 
of being able to leverage a broad 
range of additive technologies to print 
the parts we need, using the right 
technology and at lower costs and 
increased speeds.”

The company explains that 
producing this part through AM 
provides several additional benefits, 
including a lighter-weight design, 
improved geometry for fluid and air 
flow, and the elimination of the added 
complexity of cross-drillings. It hopes 
to have final approval of the part and 
to start official production later this 
year.

Cummins announced its invest-
ment in Binder Jetting in April 2019, 
when it became the first customer 
to adopt GE Additive’s binder jet 
technology. In 2020, Cummins 
established an Additive Manufacturing 
Lab within its Manufacturing Engi-
neering Development Center (MEDC) 
in Columbus. The purpose of the lab 
is to develop and validate the indus-
trialised BJT AM process. Cummins’ 
Engineering teams are taking this 
opportunity to gain experience and 

Cummins finalising first production 
parts made by binder jet AM

skillset in designing for AM as the 
technology advances.

Currently, the Cummins Additive 
Manufacturing and Engineering 
teams are working on designing and 
manufacturing several additional 
concept parts, with the aim of 
finalising yet more parts this year. 
Cummins currently operates two 
second-generation binder jet 
machines, one at its Additive Manu-
facturing Lab in Columbus and one 
at GE Additive’s Disruptive Innovation 
Lab near Cincinnati, Ohio. The 
company is now actively partnering 
with GE Additive to develop a third-
generation binder jet technology, 
which will support an industrialised 
solution with even higher throughput, 
improved quality and lower cost.

“This is the first of many mile-
stones. The focus of our partnership 
is to productionise applications at 
cost, quality and needed scale. We 
are proud to work with Cummins 
to develop additive technology and 
provide meaningful return on invest-
ment throughout its supply chains,” 
commented Jacob Brunsberg, Binder 
Jet Product Line Leader, GE Additive.

Cummins’ engineering and 
manufacturing teams have used 
polymer AM for a number of years, 
and are continuing to make progress 
in lower-volume metal Additive 
Manufacturing. The company has 
three GE Additive Concept Laser 
M2 DMLM machines – one installed 
at the Cummins Technical Center 
in Columbus, and the other two 
installed at the large Cummins 
Research and Development Center 
in San Luis Potosi, Mexico. Cummins 
also leverages sand AM technologies 
at its centre in San Luis Potosi to 
make moulds for components.

The cost and cycle times of these 
machines are said to make them 
well suited for producing parts for 
Cummins’ aftermarket customers, as 
well as those needed in low volumes. 
Since selling its first metal additively 
manufactured part in 2019, Cummins 
has approved twenty part numbers 
and shipped nearly 350 parts using 
its suite of AM technologies.

Over the next several years, 
Cummins, alongside GE Additive 
as its strategic partner, states 
that it will continue to improve its 
capabilities, speed-to-market and 
productivity of its AM processes.

www.cummins.com
www.ge.com/additive  

The Cummins Emission Solutions (CES) lance tip adapter is moving through 
the company’s production part approval process (PPAP) for formal approval 
(Courtesy Cummins Inc)
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Industry News

Alpha Precision Group (APG), St 
Mary’s, Pennsylvania, USA, has 
announced JoAnne Ryan, the 
company’s CEO, will retire on 
December 31, 2021, and be succeeded 
by Patrick Struble. Ryan joined Alpha 
Sintered Metals as CEO in 2009 and 
led the company through a series of 
strategic acquisitions to form Alpha 
Precision Group. In the lead up to her 
retirement, she will step back from 
day-to-day leadership and transition 
CEO responsibilities to her successor. 
She assumed the role of chairman of 
the board effective June 1, 2021. 

Struble is an accomplished 
industry professional with decades 
of operational leadership experience. 
He joined APG as Chief Operating 
Officer in 2019. In this role, Struble 

Ipsen USA’s Vacuum Technology 
Excellence Center has reportedly 
surpassed its record 2018 
pre-pandemic equipment sales pace 
during the first five months of 2021. 
While standard furnace sales have 
steadily recovered since late 2020, the 

Alpha Precision Group announces 
Patrick Struble to succeed JoAnne Ryan 
as CEO

completed the assimilation of the 
acquired companies under a common 
system, helping to strengthen 
operational alignment and enhance 
overall business performance.

Struble has a BS in Engineering 
from Penn State University and over 
thirty years of progressive leadership 
experience in the Powder Metallurgy 
and mechanical carbon industries, 
having previously been employed 
at GKN and Morgan Advanced 
Materials. 

“Pat and I have been planning 
for this transition for quite some 
time,” stated Ryan. “Our primary 
objective has been to ensure a 
seamless transition of leadership 
for our esteemed employees while 
maintaining exceptional perfor-

furnace manufacturer cites a spike in 
the purchase of special equipment, 
including vacuum debinding and 
sinter furnaces, vacuum aluminium 
brazers, units with oversized work 
zones, and high quench pressure 
furnaces.

mance and service to our valued 
customers. Pat’s extensive industry 
experience and strong leadership 
skills combined with the execution 
of company-specific objectives 
in his role as COO provide a solid 
framework for his transition to 
CEO. The company looks forward 
to Pat’s leadership in the continued 
growth and prosperity of APG and 
its stakeholders.”

Struble commented, “I am 
fortunate to have worked alongside 
JoAnne over the past two years. 
JoAnne has built a strong founda-
tion through her keen vision and 
leadership, which has APG well 
positioned to take our progressive, 
diversified metal-forming business 
forward. We have a great team, 
excellent technology, and a clear 
path to ensure all our employees, 
customers, and shareholders are in 
a desirable place now and strongly 
positioned for continued success.”

www.alphasintered.com  

Ipsen also announced that 
it has sold two further Titan® 
DS6 2 bar vacuum furnaces to 
an internationally-known MIM 
company, bringing the total number 
of Ipsen furnaces purchased by the 
company to eighteen. “When this 
relationship started a decade ago, 
I did not anticipate how much we 
would learn from each other,” added 
Geoffrey Somery, Ipsen Group CEO. 
“After all these years we still enjoy a 
collaborative exchange of ideas, which 
supports this customer’s drive to 
deliver excellence across hundreds of 
part variations.”

Ipsen states that while many MIM 
parts producers use smaller furnaces 
for their debinding and sintering 
operations, this manufacturer 
requires what it calls a ‘workhorse’ 
system: a furnace capable of handling 
large volumes of components for 
demanding applications. Ipsen’s 
furnaces offer a work zone volume of 
915 mm x 915 mm x 1,220 mm, a load 
capacity of 1,360 kg and a ‘right-sized’ 
filtration system, making them ideally 
suited to the MIM producer’s needs.

www.ipsenusa.com  
Ipsen has sold two further Titan DS6 vacuum furnaces to a major MIM industry 
producer, bringing the producer’s installed base to eighteen (Courtesy Ipsen)

Ipsen USA reports significant market 
rebound and MIM industry sales

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/
http://www.atmix.co.jp/en/e_index.html
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CATAMOLD® 
MOTION 8620

feedstock for 
Automotive 

applications

Catamold® motion is BASF’s 
new MIM feedstock suitable 
for the production of eRocker 
Arms for Cylinder Deactivation 
(CDA), thus contribution to re-
duce NOx and CO

2
 emissions 

for a more sustainable world.

Catamold® motion enters a new 
era of pre-alloyed, low alloy MIM 

feedstocks for enhanced and re-
liable metal parts production in all 

industries.

Catamold® motion 8620 
keeps the wheels in motion

www.catamold.com

Incus GmbH, Vienna, Austria, reports 
that it has entered into a partnership 
with Micro MIM Japan Holdings Inc/
Taisei Kogyo Co., Ltd., headquartered 
in Neyagawa, Osaka, Japan, and 
will provide a Hammer Lab35 metal 
Additive Manufacturing machine, 
based on Vat Photopolymerisation 
(VPP) technology, to help the company 
produce functional prototypes prior to 
Metal Injection Moulding production 
and offer smaller quantities of parts.

The company explains that the 
good mechanical properties and 
exceptional surface aesthetics of 
lithography-based metal AM parts are 
the key factors driving the adoption 
of AM in the MIM community. At the 
time of reporting, the Incus metal AM 
machine was scheduled to arrive in 
Japan by the end of June 2021.

Established in 2019 by Dr Gerald 
Mitteramskogler, CEO, Incus provides 
innovative solutions for the Additive 
Manufacturing of high-performance 
metals. Micro MIM Japan Holdings 

Incus and Micro 
MIM Japan to 
streamline MIM 
production

Inc is a MIM parts manufacturer 
specialising in the mass production 
of small metal parts up to 30 mm in 
all dimensions.

“Micro MIM Japan is glad 
to announce its introduction of 
this 3D metal printer by Incus 
GmbH, who will help us provide 
functional prototypes prior to Metal 
Injection Moulding production 
and offer smaller quantities of 
parts. We are looking forward to a 
fruitful cooperation!” stated Izumi 
Nakamura, Business Development 
Director Europe & North America, 

European Representative Office Taisei 
Kogyo Co., Ltd/Micro MIM Japan 
Holdings Inc.

Gerald Mitteramskogler added, 
“The combination of surface 
aesthetics and green part strength 
makes our lithography-based printing 
approach the ideal technology for 
micro-scale parts. With Micro MIM 
we now have an ideal partner to 
scale up our 3D printing technology 
and introduce LMM to a production 
environment.”

www.incus3d.com
www.micro-mim.eu  

Izumi Nakamura of Micro MIM Japan Holdings Inc and Gerald 
Mitteramskogler of Incus GmbH with Incus’ Hammer Lab35 metal AM 
machines (Courtesy Incus GmbH)

Melrose Industries PLC, UK, has 
published its trading update for the 
four months January 1–April 30, 2021, 
with the company stating that it is 
trading modestly ahead of expecta-
tions, with the momentum seen in 
the second half of 2020 continuing 
into 2021. Sales in the period were 
reported to be 8% higher than in the 
same period in 2020.

The operating margins achieved 
in the first quarter of the year were 
reported to have continued to improve 
faster than expected. Cash generation 
for the group was also said to be 
encouraging, with Melrose being cash 
neutral in the first quarter, in what is 
traditionally a cash outflow period.

Melrose reports positive start to 
year for GKN Powder Metallurgy

GKN Powder Metallurgy – 
consisting of GKN Sinter Metals, 
GKN Additive and GKN Hoeganaes 
– is reported to have seen a strong 
recent trading performance, with 
sales in the period being up 35% 
compared to the same period in 
2020. The division was also up 1% 
on 2019 figures, with margins in the 
first quarter significantly higher than 
those achieved in the second half of 
last year and also higher than the 
same period in 2019.

Melrose added that its Powder 
Metallurgy business is gaining 
market share and improving its 
operations, both of which are trends 
it expects to continue.

The company held an Investor 
Day to discuss its Automotive and 
Powder Metallurgy divisions on May 
20, where it explained in more detail 
the improvement, growth, and new 
technology opportunities in these 
businesses over the period.

“We are pleased with our start to 
the year and hopefully will see this 
momentum continue for the rest of 
the year. We are encouraged by the 
significant improvements made to 
the GKN businesses being reflected 
in their financial performance. We 
are confident that GKN will be as 
successful as previous acquisitions, a 
track record illustrated recently by the 
announced sale of Nortek Air Manage-
ment,” stated Simon Peckham, CEO of 
Melrose Industries PLC.

www.melroseplc.net
www.gknpm.com  
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SSI Sintered Specialties, headquar-
tered in Janesville, Wisconsin, USA, 
is adding an Elnik Systems high-
temperature vacuum furnace and an 
Arburg Allrounder injection moulding 
machine to enhance its MIM produc-
tion capabilities.

The refractory metal-lined Elnik  
vacuum furnace, scheduled to be 
installed in September 2021, will join 
a growing fleet of new equipment in 
SSI’s new technology centre located 
in Janesville. The furnace investment 
is expected to enable SSI to add metal 
Additive Manufacturing to its portfolio 
and expand its current Metal Injection 
Moulding operations. The company 
stated that the furnace will allow it to 
develop sintering profiles for both MIM 
and sinter-based AM technologies, as 
well as its press and sinter processes.

“Adding this sophisticated vacuum 
furnace to our technology centre 
showcases our commitment to being 
a customer-centric organisation,” 
stated Paul Hauck, Chief Operating 
Officer at SSI Sintered Specialties. 
“Investments like this allow us 
to better serve our customers by 
helping them solve complex applica-
tion challenges with the development 
of new materials and processes.”

The new Arburg injection 
moulding machine to be installed 
at SSI’s technology centre will 
showcase fully automated hands-
free moulding, including all aspects 
of part handling and full material 
management from regrind to virgin 
material blending.

Along with processing large 
conventional PM parts, prototypes 

and pre-production runs, SSI explains 
that it will implement an advanced 
feedstock material that enables 
the production of large-sized MIM 
parts that are greater than 200 g. 
The addition of the vacuum furnace 
also allows SSI to expand its alloy 
and material development interests 
beyond unique variations of stainless-
steel alloys, including processing 
metal-matrix composites and reactive 
materials such as titanium alloys.

SSI has also been adding key 
industry talent to support its growing 
customer base and market diversifi-
cation. Among the new acquisitions 
are leading MIM industry experts with 
experience in highly-complex applica-
tions for a broad range of markets 
including automotive, medical, 
industrial and consumer electronics. 

The company added that it intend 
to further invest in new produc-
tion capabilities and engineering 
expertise as future developments are 
announced.

www.ssisintered.com  

SSI Sintered Specialties enhances 
MIM and sinter-based AM production 
capabilities 

Alphacam signs exclusive distribution 
agreement with sinter-based AM 
machine developer Tritone

Additive Manufacturing services 
provider Alphacam GmbH, 
Schorndorf, Germany, has signed an 
exclusive distribution agreement with 
Tritone Technologies, Petach-Tikva, 
Israel. Through the agreement, 
Alphacam extends its range of metal 
AM machines offered in Germany, 

Austria, Switzerland and Liechten-
stein. Alphacam has nearly three 
decades of experience in Additive 
Manufacturing, and has been a sales 
partner of Stratasys in Germany 
since 1994 – this, states the company, 
has illustrated a proven distribution 
structure. During the intervening 

years, the company has grown to 
have its own training and presenta-
tion centres, a service hotline and 
a professional AM service.

Tritone Dominant is a sinter-
based AM system that enables 
industrial production of high-
quality metal parts. The system 
is based on Tritone’s patented 
and patents-pending MoldJet® 
technology, built for producing 
large quantities of high-density 
parts with complex geometries.

Since its introduction at the 
Formnext 2019 exhibition, the 
Dominant system and the MoldJet 
technology is said to have been 
improved, increasing its set of 
available metal and ceramic 
materials to address the rigorous 
requirements of industrial applica-
tions. The enhancements include 
advanced verification of build 
quality, precision and uniformity, 
higher throughput and improved 
streamlined post-process of parts.

“We were fascinated by the 
idea Tritone innovated by using 
the well-known MIM powders in 
an industrial ‘powder-free’ AM 
process. For our customers it 
will be a big advantage handling 
only a clean and safe metal paste 
to receive strong dense green 
parts,” stated Michael Junghanss, 
Managing Partner at Alphacam.

The Fraunhofer Institute for 
Manufacturing Technology and 
Advanced Materials (IFAM) in 
Dresden was the first European 
user of this system, installed at 
ICAM®, the Innovation Center 
Additive Manufacturing. Thomas 
Weissgärber, head of Fraunhofer 
IFAM Dresden, commented, “With 
our research and development 
work, we want to transfer Additive 
Manufacturing into a broad 
industrial application. We are 
looking forward to contributing 
to this strategic partnership with 
our know-how and to developing 
innovative material and component 
solutions.”

www.alphacam.de
www.tritoneam.com  
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German automotive manufacturer 
Volkswagen AG has reported it is 
now using Binder Jetting (BJT) 
Additive Manufacturing technology 
at the company’s main plant in 
Wolfsburg, with the aim of producing 
up to 100,000 AM components a 
year by 2025. The company has 
been using AM for some twenty-five 
years, producing over one million 
components with various plastic and 
metal AM processes, but this marks 
the company’s first use of binder jet 
technology for production parts. 

The first parts made using the 
BJT process, components for the A 
pillar of the T-Roc convertible, have 
been sent to VW’s facility in Osna-
brück for certification. These weigh 
almost 50% less than conventional 
components made from sheet steel, 
with this weight reduction alone 
said to make the process especially 
interesting for automotive production 
applications. 

Until now the production of larger 
volumes has not proven cost-effective, 

however, VW has worked closely with 
Siemens to develop software that 
maximises the number of compo-
nents in the build chamber. Known 
as nesting, this technique makes 
it possible to now produce twice as 
many parts per manufacture session.

“We are very proud to support 
Volkswagen with our innovative 3D 
printing solutions. Our automation 
and software solutions are leading 
in industrial production applications. 
Using this technology, Volkswagen 
will be able to develop and produce 
components faster, more flexibly and 
using fewer resources,” stated Cedrik 
Neike, member of the Managing 
Board of Siemens AG and CEO Digital 
Industries.

To reach this stage, Volkswagen 
has invested an amount in the 
mid-double-digit million euro range 
over the past five years. In addition 
to the software partnership with 
Siemens, it has expanded its existing 
collaboration with AM machine 
maker HP Inc. With its first full-scale 

use of BJT, the company is looking 
to understand which components 
can be produced economically 
and quickly, and how Additive 
Manufacturing can support the digital 
transformation of production at 
Volkswagen.

“Despite the ongoing challenges 
of the coronavirus pandemic, we’re 
continuing to work on innovation,” 
commented Christian Vollmer, 
member of the Board of Management 
of the Volkswagen Brand responsible 
for Production and Logistics. 
“Together with our partners, we 
aim to make 3D printing even more 
efficient in the years ahead and 
suitable for production-line use.”

From summer 2021, the three 
companies intend to establish a 
joint expert team at VW’s advanced 
Additive Manufacturing centre. The 
centre was opened in Wolfsburg at 
the end of 2018 for the development 
of complex automotive components 
using AM, and is also used to 
train employees in the use of the 
technology.

www.siemens.com
www.hp.com
www.volkswagen.com  

Volkswagen to adopt Binder Jetting in 
vehicle production

LÖMI GmbH, Grossotheim, Germany, 
is celebrating its 30th anniversary 
this year. Since 1991, the engineer-
operated company has worked 
towards innovating high-quality 
process engineering systems in the 
fields of solvent recycling, debinding 
for Powder Injection Moulding and 
Additive Manufacturing processes, 
plastics recycling and environmental 
technology.

“Research and development 
have always been a focus in the 
manufacture of our equipment since 
the company was founded,” stated 
José Dias da Fonseca, founder and 

Solvent debinding 
systems 
manufacturer 
LÖMI celebrates its 
30th anniversary

Managing Partner. “For example, 
we launched our solvent debinding 
systems in 2001 and, within a few 
years, have become one of the world 
market leaders.”

Globally, LÖMI plants are 
utilised throughout the automotive, 

LÖMI introduced its debinding series EDA-AM specifically for the Additive 
Manufacturing industry in 2019 (Courtesy LÖMI)

aerospace, chemical, plastics 
processing, optical, surface 
treatment, electronics, printing, 
pharmaceutical and medical 
technology industries.

www.loemi.com  
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More than a Global Leader.  
A Trusted Partner.
Elnik’s innovations and experiences in all areas of temperature and atmosphere management 
have led us to become the benchmark for the Batch-based Debind and Sinter equipment 
industry.  We have applied these core competencies across a wide variety of industries through 
our 50 year history and look forward to the emergence of new technologies  that will continue 
to drive demand for new innovative products. 

Innovation drives our manufacturing and design solutions 
Quality takes precedence in all areas of our business 
Experience motivates our team to always do what’s right 
Excellence is the benchmark for all customer relationships
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for 2021 and beyond.
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Sweden’s Höganäs AB reports that, 
after eighteen months of prepara-
tion and implementation, its new 
atomisation plant in Laufenburg, 
Germany, has received ISO 9100 
certification. The atomisation plant 
entered operation in August 2020, 
with the audit taking place in March 
2021 and certification granted in 
May 2021.

The company stated that the ISO 
9100 certification is an important 
part of its AM-grade powder busi-
ness – not only for its customers 
in the aerospace sector, but also 
as a signal to the whole market of 
Höganäs’ commitment to delivering 
the highest quality.

“The ISO 9100 certification will 
help us to further expand our future 
market position in the aerospace 
industry for Additive Manufacturing 
powders and win new orders from 
global players,” stated Kennet 
Almkvist, who heads the Product 
Area Customisation Technologies.

In addition to the certification 
achievement, the Laufenburg site 
recently commissioned and qualified 
its new state-of-the-art Vacuum 
Induction Gas Atomizer (VIGA) with 
an integrated anti-satellite system. 
The VIGA system enables the 
site to further expand production 
capacities and continue to produce 
high-quality powders with low 

Höganäs’ Laufenburg VIGA metal 
powder production facility receives 
ISO 9100 certification

oxygen and nitrogen concentration, as 
well as highly spherical particles and 
minimal satellite content.

Peter Thienel, Laufenburg 
Site Manager, noted the great 
individual commitment of the 
facility co-workers, claiming they 
have learned a great deal for future 

Höganäs’ Laufenburg, Germany, 
production site has received ISO 9100 
certification (Courtesy Höganäs AB)

projects as the certification process 
was demanding for the entire 
organisation in terms of scale and 
complexity. Thienel commented, 
“In some cases, we reached our 
limits. Special praise, therefore, 
goes to all colleagues who made the 
certification of our VBE [Verdüsungs-
Betrieb ENAG] operation possible 
within the timeframe envisaged, 
despite the additional burdens 
resulting from the Corona pandemic 
and numerous integration projects.” 

www.hoganas.com  

Solar Atmospheres of Western PA, 
Hermitage, Pennsylvania, USA, and 
Neota Product Solutions, Loveland, 
Colorado, USA, have announced 
the development of an exclusive 
sintering partnership. Neota 
provides comprehensive MIM solu-
tions from earliest stage prototyping 
to full-scale manufacturing; working 
with Solar, it has been developing 
and optimising sintering profiles to 
ensure the production of parts with 
near 100% density whilst main-
taining the tight tolerances required 
in precision components.

Collaborating with Solar 
Manufacturing, the vacuum furnace 
production arm of the Solar family, 
Solar Atmospheres of Western PA 
recently acquired a vacuum furnace 

Solar Atmospheres 
and Neota develop 
MIM sintering 
partnership

for MIM sintering. The furnace has 
a work zone of 91 cm x 91 cm x 
122 cm and a load capacity of up to 
1,360 kg.

“We have sincerely enjoyed our 
relationship with the Neota team,” 
stated Bob Hill, Solar Atmospheres 
of Western PA president. “As MIM 
industry experts, they know what 
they ultimately want in a finished 
part. As vacuum thermal processing 

specialists, we know how to achieve 
their high temperature processing 
parameters while not damaging 
our state-of-the-art vacuum equip-
ment. Investing in our customer’s 
needs ultimately results in lasting 
mutual relationships which become 
a successful endeavour for both 
parties.”

www.solaratm.com
www.neotagroup.com  

The partnership between Neota and Solar Atmospheres of Western PA follows 
Solar Atmospheres’ acquisition of a MIM-capable vacuum furnace (Courtesy 
Solar Atmospheres of Western PA)
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MIM & BINDER-JET
AM METAL POWDERS

Unique inert gas atomizing technology 
produces highly specified, spherical 
metal powders for MIM and AM 
applications. Team with history of 
developing and producing fine gas 
atomized powders since 1990.
 
Specializing in sub 30 micron powders, 
Ultra Fine has the technical capability to 
work with you to develop and produce 
the powder to suit your application. 
Ultrafine offers flexibility and quick 
turn-around times. 
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www.novametcorp.com

500 Park East Drive 
Woonsocket, RI 02895 USA 

www.ultrafinepowder.com 

With partner Novamet 
Specialty Products Corp., 
Ultra Fine provides various 
after treatments, coatings and 
other capabilities using Ultra 
Fine’s high quality powders. 
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Our metal injection molding feedstocks – available in POM-based (Advacat®) 
or wax-based (Advamet®) binder systems – will allow you to produce  
world-class precision parts for the aerospace/defense, automotive, firearms, 
industrial, and medical/implantable markets.

www.ampmim.com

GAIN A MATERIAL ADVANTAGE WITH 
AMP’S MIM AND PIM FEEDSTOCK

n   
n   Higher yield
n   Enhanced cracking resistance
n   Excellent green strength
n   Superior homogeneity
n   Lot-to-lot consistency
n   Alloys never made obsolete

Medical/ImplantablesAutomotive Firearms

NOW offering...
Toll Processing and Material  
Rejuvenation Services

Industrial

For more information visit www.ampmim.com or
contact Chris Chapman at cchapman@ampmim.com
or 724-396-3663

Markforged, Watertown, Massa-
chusetts, USA, has launched the 
Metal X Gen 2, a new metal Additive 
Manufacturing machine based on its 
Metal X System released in 2017. The 
company also announced the release 
of Next Day Metal, new software that 
will be available across its entire 
global fleet of metal AM machines.

New features of the Metal X Gen 
2 include an external 18 cm (7 in) 
touchscreen, door position sensors, 
and additional chamber insulation, 
said to make the system more energy 
and time-efficient than the previous 
iteration. Key hardware developments 
have been made that improve user 
experience and increase operator 
safety, helping to make metal Additive 
Manufacturing even easier.

Alongside the machine launch, 
Markforged has released Next Day 
Metal across its range of metal AM 
machines. This over-the-air software 
update reportedly offers speeds up 
to twice as fast as before. Wash and 
dry times are also said to be more 
accurate for smaller parts, shortening 
the required debind cycle time.

These factors, combined with an 
approximately seventeen-hour small 
parts express run in the Sinter-2 
post-processing oven, can give 
manufacturers the parts they need 
more quickly and, due to an increased 

Markforged launches Metal X Gen 2 
and Next Day Metal software

capacity on each machine, allow them 
to scale AM production.

The company also announced that 
it is introducing the X7 Field Edition, 
a deployable carbon-fibre AM system. 
The X7 Field Edition allows Markforged 
technology to be sent to the most 
demanding and harsh environments, 
such as combat or exploration sites.

“Manufacturers are up against 
many challenges in today’s market 
– from supply chain challenges, like 
rising supply costs and shipping 
delays, to increased pressure from 
the market to innovate faster and 
stay ahead of the competition,” stated 

Shai Terem, president and CEO of 
Markforged. “Since Markforged 
shipped our first printer, we’ve been 
committed to quality and continuous 
improvement, always looking for 
simpler, smarter, and more robust 
ways to empower our customers 
to build anything they can imagine. 
The addition of the Metal X (Gen 2), 
Next Day Metal, and the X7 FE to our 
Digital Forge are important steps 
towards reinventing manufacturing 
today so that we are all more resilient 
tomorrow anywhere in the world.”

The Metal X Gen 2 and Next Day 
Metal for both the Metal X Gen 1 and 
Gen 2 are currently available. The X7 
FE is available for pre-order, sched-
uled to ship in the autumn of 2021.

www.markforged.com  

Markforged has launched the Metal X Gen 2 machine and Next Day Metal 
software (Courtesy Markforged)

The ceramitec conference, originally 
scheduled to take place in Munich, 
Germany, on June 22–23, 2021, 
will now take place on September 
15–16, 2021, due to the ongoing 
COVID-19 pandemic.

The event organiser, Messe 
München, explains that the 
conditions for holding events, 
which have not yet been finalised, 
made the planning situation for 
speakers, exhibitors and visitors 

ceramitec conference 2021 postponed 
to September

difficult, despite a confirmed and 
extensive conference programme. 
The decision to postpone the 
ceramitec conference is hoped to 
raise hopes for a more relaxed and 
secure meeting of the international 
ceramics industry in Munich in 
September.

Typically held once every three 
years, ceramitec is one of the 
leading international trade shows 
for ceramics and covers the full 

spectrum of the industry from 
classic ceramics to raw materials, 
heavy clay and industrial ceramics, 
through to technical ceramics and 
Powder Metallurgy. The ceramitec 
conference will explore the following 
topics: technical ceramics, Additive 
Manufacturing, Powder Metallurgy, 
process control and equipment 
supply and materials.

The ceramitec trade fair is 
scheduled to take place in Munich 
on June 21–24, 2022. Further 
information is available via the event 
website.

www.ceramitec.com  
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High productivity, excellent surface quality, great 

resolution. These are some of the benefits that have 

brought our unique metal binder jetting technology to 

a world-class bench mark standard with hundreds of 

thousands high-quality components produced and more 

than 30 geometries in serial production. 

 The Digital Metal® technology is well-proven in serial 

production, providing consistent repeatability and 

reliability which minimizes post processing and waste. We 

also provide additional equipment to help you limit manual 

handling in high-volume production. 

– 3D METAL BINDER JETTING FOR SERIAL PRODUCTION

DIGITAL METAL

Digital Metal offers advanced industrial 3D metal printers 

along with all the support you need to set up your own 

production. You can also use our printing services for 

serial manu facturing or prototyping.

 Contact us today to learn more about how you can 

benefit from using the Digital Metal system.

CHECK OUT ALL THE BENEFITS AT 

DIGITALMETAL.TECH

OUR MATERIALS

• Stainless steel 316L 

and 17-4PH

• Tool steel DM D2

•  Super alloys DM 625 & 

DM 247 (equivalent to 

Inconel 625 & MAR M247)

• Titanium Ti6Al4V

•  DM Cu, pure copper
Developed and 
built in Sweden 

Industry News

The University of Birmingham, UK, 
is developing what is said to be the 
UK’s first re-manufacturing line for 
high-performance sintered rare earth 
magnets for use in electric vehicles, 
aerospace, renewable energy 
technologies and low carbon tech-
nologies. The recycling plant project 
is being developed as part of a £28.5 
million investment from the Driving 
the Electric Revolution Challenge at 
UK Research and Innovation (UKRI) to 
support the creation of a competitive 
electrification supply chain in the 
UK. UKRI has awarded the University 
of Birmingham £4.3 million to 
establish the plant, which will be 
located at Tyseley Energy Park (TEP) 
in Birmingham. TEP is a research 
and development facility dedicated to 
delivering clean energy innovation.

The university explains that 
the plant will be based on the 
patented HPMS process (Hydrogen 
Processing of Magnet Scrap), which 
uses hydrogen as a processing gas 
to separate magnets from waste 
streams as an alloy powder. The 
powder will be used as a feedstock to 
re-manufacture sintered rare earth 
magnets. High-performance sintered 
rare earth magnets are an essential 
component of thousands of electrical 
products, from loudspeakers and 

The organiser of Ceramics Expo 2021, 
Smarter Shows (Tarsus) Ltd, has 
announced that the event will take 
place as planned from August 30–
September 1, in Cleveland, Ohio, USA, 
but will be held at a new venue – The 
Huntington Convention Center.

The new venue will reportedly 
enable seamless safety measures 
for attendees, including floor plan 
changes to accommodate social 

computer hard drives to wind turbines 
and electric vehicles. They are 
manufactured using rare earth metals 
and in recent years the market has 
been dominated by China, which has 
large reserves of these materials, 
states the university.

Crucially, the plant will be able 
to recycle material from a variety of 
magnet-containing waste streams 
– including, for example, vehicle 
motors, audio products, and hard disk 
drives – thus reducing dependency on 
virgin mined material. Establishing 
a robust magnet recycling plant will 
complete the UK-based supply chain 
for sintered magnets and enable the 
UK to develop a circular economy 
around high-performance motors and 
magnets that would make a significant 
contribution to the UK’s net-zero 
targets on carbon emissions.

Professor Allan Walton, Co-director 
of the Birmingham Centre for 
Strategic Elements and Critical 
Materials, who is leading the project, 
commented, “This is a huge oppor-
tunity for the UK to become a world 
leader in high performance magnet 
recycling. With the expansion of the 
electric vehicle market our reliance on 
these components is going to increase 
rapidly. Establishing an end-to-end 
supply chain will ensure we can 

distancing between its more than 
250 exhibitors. The free-to-attend 
conference runs concurrently with 
the exhibition and brings together 
industry leaders to share their 
technical expertise in ceramics and 
provide real-world case studies, new 
technologies and materials, along 
with information on industry trends.

The 2021 conference theme 
focuses on ‘enabling a clean, efficient 
and electrified future’ and will feature 
over thirty speakers highlighting the 
most pressing industry and supply 
chain challenges, with experts 
discussing sustainability, diversity 
and inclusion, industrial applications 

University of Birmingham develops 
recycling plant for rare earth magnets

Ceramics Expo 2021 
to run as planned 
in August

not only properly exploit these new 
technologies, but it will also secure an 
indigenous supply of these materials 
whilst significantly reducing the 
environmental burden of production.”

The UKRI funding builds upon 
fifteen years of work on recycling 
of magnets started by Emeritus 
Professor Rex Harris. The funding 
will be used to scale up equipment 
developed by Professor Walton’s team 
in an EU-funded pilot project called 
SUSMAGPRO.

TEP, which will host the production 
capability, is focused on driving 
forward the clean energy transition 
through technology development, 
business incubation, and low carbon 
infrastructure. A 3 MW hydrogen fuel 
plant, powered by a biomass reactor, 
will provide the hydrogen processing 
gas required to convert waste magnets 
into powder, enabling the rare earth 
metals to be harvested and converted 
to new products. Together, these 
facilities will ensure the plant’s low 
carbon footprint.

This project is supported by 
companies throughout the supply 
chain, including recyclers, cast alloy 
producers and end users. The Univer-
sity of Birmingham has licensed the 
recycling technologies to Hypromag 
Ltd, which will play a key role as the 
primary industrial user, helping to 
operate the plant and establish the 
supply chain.

www.birmingham.ac.uk  

and resilience post-COVID-19. The 
conference stage will host panel 
discussions on areas such as 
Additive Manufacturing, the role of 
ceramics in 5G, and energy storage.

Mark Mecklenborg, executive 
director at The American Ceramics 
Society, commented, “With 
exceptional opportunities for 
collaboration, Ceramics Expo plays 
a pivotal role in gathering all the 
leading stakeholders in our industry. 
I’m thoroughly looking forward to 
meeting everyone in the new venue, 
with renewed energy and focus 
following the challenges of 2020.”

www.ceramicsexpousa.com  
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MPP, a provider of custom-
engineered Powder Metallurgy and 
Metal Injection Moulding solutions 
headquartered in Noblesville, Indiana, 
USA, has appointed Paul Cook as 
Senior Director of Operations. He will 

The Plansee Group, ahead of its 
20th Plansee Seminar, has issued 
a call for papers in its second 
circular. The Plansee Seminar 2022 
is scheduled to take place from 
May 30–June 3, 2022, at the Group’s 
premises in Reutte, Austria, where 
accepted abstracts will be presented 
as oral or poster sessions.

Topics may fall under any of the 
following subjects to be covered by 
the seminar:

Refractory metals and composites

• Applications
• Materials
• Powder
• PM processess
• Simulation and modelling
• Characterisation and testing

PM hard materials

• Applications
• Materials
• Powders and PM processes
• Surface Engineering
• Simulation and modelling
• Characterisation and testing

Further information on the 
scope and the programme of the 
20th Plansee Seminar is available 
via the seminar’s website, where 
submissions for abstracts can also be 
submitted. The deadline for abstracts 
is September 26, 2021.

www.plansee-seminar.com  

MPP appoints 
Paul Cook as 
Senior Director of 
Operations

Plansee Seminar 
2022 issues call 
for abstracts

be based in Campbellsburg where he 
will have full responsibility for local 
plant operations.

Cook will also lead the MPP-wide 
Performance Excellence team and 
MIM operation. His focus will be on 
operational excellence, customer 
satisfaction, growing the business and 
continuing to build upon a culture of 
employee engagement and effective 
communication. He will also support 
and drive the OneMPP Strategic 
Initiatives and MPP Core Values.

After receiving his Bachelor’s 
Degree in Manufacturing Engi-
neering from Ball State University, 
Indiana, Cook served at Borg 
Warner and GKN in roles from 
intern, production superviser, 
manufacturing engineer, product 
and process development, and 
engineering manager, to plant 
manager, VP of Operations and 
VP of Global Advanced Product 
Development.

www.mppinnovation.com  

Plans for the 2021 edition of Formnext, 
to take place as a hybrid trade fair 
concept, have been met with a positive 
response from exhibitors, reports 
Formnext organiser Mesago Messe 
Frankfurt GmbH. As of the end of 
April, some 351 global companies 
have confirmed their attendance at 
the event, which will run in person 
from November 16–19, in Frankfurt, 
Germany, followed by the virtual 
Formnext Digital Days which will take 
place from November 30–December 1.

“After more than twelve very chal-
lenging months for the entire exhibi-
tion industry, the current development 
of Formnext is an extremely positive 
sign,” commented Sascha F Wenzler, 
vice president Formnext, Mesago 
Messe Frankfurt GmbH. “Although 
we do not yet expect an exhibition of 
the magnitude of 2019, we’re looking 
forward to a successful Formnext in 
which real-life personal encounters 
and face-to-face interaction are once 
again at the forefront.”

The organiser believes it is making 
significant progress in continuing the 
success of previous Formnext events 
which is being driven by the increasing 

pace of vaccination campaigns in 
many countries, including the US, 
UK, and Israel. It is also likely that 
Central Europe will have vaccinated 
a large proportion of the population 
by the end of summer, at the latest. 
Alongside these developments, the 
highly-innovative AM industry is 
said to be very keen for its annual 
Formnext industry meeting to go 
ahead in Frankfurt.

Rainer Lotz, president EMEA, 
Renishaw and chairman of the 
Formnext exhibitor advisory board, 
stated, “We are seeing a great 
many new developments along the 
entire process chain with young 
and established companies alike 
looking for partners, customers, 
and, in some cases, investors. This 
is an area in which Formnext is 
extremely important. At the same 
time, the pandemic has prompted 
a rethinking of existing supply 
chains in some cases. Businesses 
preparing for restructuring can find 
suitable partners at Formnext and 
meet them here in person.”

Exhibitors already registered 
include almost all major players 

Mesago Messe Frankfurt reports 
positive exhibitor numbers for 
Formnext 2021

in the industry, as well as a wide 
range of innovative SMEs – including 
many new exhibitors from different 
countries. Drawing 56% of its 
attendees from outside of Germany, 
Formnext is building on the high 
international presence of exhibitors 
from previous years.

The organiser notes that the 
health and safety of all participants 
is another important focus of the 
Formnext team. In order to organise 
a safe and successful Formnext, 
the COVID-19 pandemic is being 
monitored closely to allow for the 
concept to be modified, if necessary. 
“Personal encounters are a central 
part of our core business, and trade 
fairs are an indispensable driving 
force for the international economy, 
especially after times of crisis,” 
added Uwe Behm, Managing Director 
of Messe Frankfurt. “As the host of 
the Formnext exhibition in Frankfurt, 
we are implementing a thorough 
hygiene and protection concept to 
provide a safe setting for face-to-face 
meetings between you and your 
partners.”

Formnext’s revised concept 
also includes greater flexibility for 
cancellation conditions, customised 
terms and conditions, and the hybrid 
dimension that draws on experience 
from Formnext Connect 2020.

www.formnext.com  

Lithoz GmbH, Vienna, Austria, has 
launched a new ceramic Additive 
Manufacturing machine: the CeraFab 
Lab L30. Featuring the full manu-
facturing power of the company’s 
original CeraFab 7500 and open 
system technology, this new addition 
facilitates entry into the ceramic AM 
market for companies without prior 
experience in the material. It also 
enables the development and use of 
a company’s own materials, making it 
equally well suited for use in research 
and labs.

Lithoz launches entry-level ceramic 
AM machine

The CeraFab L30 is intended 
as a solution for fine-tuning 
additively manufactured parts and 
designs, as the lithography-based 
ceramic manufacturing used by 
Lithoz allows for far greater design 
freedom compared to traditional 
manufacturing. This technology 
also ensures economical material 
usage, as the upside-down building 
technique allows the machine to be 
ready to manufacture with as little 
as 15 ml of material.

www.lithoz.com  

Lithoz anticipates the CeraFab Lab 
L30 will function as an entry-level 
machine for those with no prior 
experience of working with ceramics 
(Courtesy Lithoz GmbH)
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PyroGenesis Canada, Inc, Montreal, 
Québec, Canada, a provider of 
plasma-atomised metal powders 
for Additive Manufacturing and 
Metal Injection Moulding, has signed 
a qualification agreement with a 
premier global aerospace company 
for the production of metal powders.

Under this agreement, PyroGen-
esis will perform a standard quali-
fication process typically required 
before a company can become an 
approved supplier. The process will, 
amongst other things, evaluate the 
company’s manufacturing methods, 
test samples of powder for batch-
to-batch consistency and determine 
mechanical and chemical properties.

After these initial evaluations, 
larger volumes of powder will be 
used to print test coupons to further 
evaluate mechanical and chemical 
properties. It is expected that testing 

PyroGenesis signs agreement for 
qualification of metal powders with tier 
one aerospace client

our production process, and both 
parties have been eagerly awaiting 
the completion of our NexGen™ 
production line, which we announced 
earlier this week.”

“It is important to realise that 
the qualification process is not only 
exhaustive and time-consuming, 
but also quite costly for this 
aerospace client, which we believe 
underscores their confidence in 
the added value and competitive 
differentiation of our offering. With 
the previously announced improve-
ments now incorporated into our 
game-changing powder production 
line, we are all highly confident in 
our ability to meet, if not exceed, 
this client’s stringent requirements. 
We fully expect to enter into similar 
agreements with other major players 
in the industry over the next several 
months.”

The qualification process has now 
formally commenced, and the first 
powder samples are expected to 
be delivered within the next several 
weeks.

www.pyrogenesis.com  

with real parts under real time 
conditions will follow this, before the 
final acceptance. Upon passing all 
acceptance tests, the process will 
be locked down, with no modifica-
tions permitted, specifically for the 
aerospace client. After successful 
completion of the testing, Pyro-
Genesis expects to receive formal 
acceptance as an approved supplier.

“This agreement with one of 
the world’s largest aerospace 
companies is a very significant 
achievement in further validating 
PyroGenesis’ Additive Manufacturing 
powder offering utilising our 
NexGen™ production, which provides 
significant cost and production 
advantages,” stated P Peter Pascali, 
CEO and chair of PyroGenesis. “This 
agreement has been a long time in 
the making. The client has visited 
our facilities and has evaluated 

KBM Advanced Materials, LLC, 
Fairfield, Ohio, USA, has formally 
launched operations to finance, sell 
and distribute metal powders to 
companies in the Additive Manufac-
turing, Metal Injection Moulding and 
broader advanced manufacturing 
markets across the USA. The 
company plans a rollout to the 
European market in Q4 of 2021 and to 
Asia early in 2022.

The distribution network 
established by KBM will allow it to 
become a bridge between a dispersed 
advanced manufacturing customer 
base and large metal powder 
producers. The business model will 
enable exceptionally fast quoting and 
shipping, with a goal of providing 
products to customers within days. 
Producers can also schedule their 
production equipment to larger 
regular blanket orders from KBM.

In addition, KBM will provide an 
e-commerce platform for customers 
that is not currently available at 
scale from any producer or supplier. 
The powder will be sold under the 
powder producer’s brand names; 
the brand equity and recognition 
of the producers will be retained 
and enhanced as access to their 
products is increased. Currently 
KBM has inventory agreements with 
Carpenter Additive, Philadelphia, 
Pennsylvania, USA; Höganäs AB, 
Sweden; and Tekna, Sherbrooke, 
Quebec, Canada.

“It is essential to us that we 
partner with companies that are 
established industry leaders in 
order for our customers to have the 
confidence that they are receiving 
the best possible product and 
service,” stated Kevin Kemper, CEO, 
KBM. “Our current catalogue of 

powder producers are some of the 
most trusted in the industry.”

Support for KBM includes equity 
investment from Koch Metallics, 
LLC, a subsidiary of Koch Minerals 
& Trading, LLC, headquartered in 
Wichita, Kansas, USA, and Sumitomo 
Corporation of Americas, New York 
City, is acting as a supply chain 
partner.

Hap Palmer, VP, Koch Metallics, 
commented “Koch is excited to 
partner with KBM, as they look to 
transform the Additive Manufacturing 
supply chain. The team at KBM 
Advanced Materials thoroughly 
researched the market and provided a 
business plan that left no doubt as to 
their ability to revolutionise the Addi-
tive Manufacturing and MIM metal 
powder marketplace. This investment 
opportunity supports Koch’s mission 
to create a mutually beneficial 
partnership that will build more 
efficient supply chains in exciting and 
growing industries.”

www.kbmadvanced.com  

KBM Advanced Materials launches 
portal to sell powders for AM and MIM
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Admaflex 130 software 
upgrade released
Admatec, Goirle, the Netherlands, has released software 
version 1.2.1.1 for its Admaflex 130 Vat Photopolymerisa-
tion (VPP) -based AM machine, suitable for both ceramics 
and metals. The machine is an open system that comes 
standard with complete software, enabling full control of 
the AM process with an interface which allows the user 
to slice the part, add support structures as needed, apply 
offsets, customise and optimise parameters before and 
during the manufacturing process.

The new automatic support generation feature is 
said to be well suited for geometries that do not have a 
flat side, such as medical implants and jewellery. The 
automatic support generation software allows a user to 
create different types of support structures quickly and 
easily. The number of supports can be chosen by varying 
the support angle and, between the support and the 
model, a gap can be created, allowing easy removal of 
the part.

The video-based monitoring features enable the 
creation of time-lapse videos of the manufacturing job. 
A video player has also been added, allowing users to 
view any recording made by the machine directly on the 
machine. The video player supports scrubbing through 
the video, pausing the video at any point and changing the 
playback speed. The manufacturing action in the video is 
also displayed together with time and layer information.

When the Admaflex machine is connected via Ethernet 
to a network, via any laptop or desktop PC, users have 
remote access to the machine for easy exchange of 
build- or logfiles. Remote connection capability also 
allows monitoring of the manufacturing job, including 
real-time video capture. New in the web interface is the 
option to pause the current job – this enables users to 
immediately react to what is happening on the machine 
from anywhere. If an issue is noticed and the user is not 
near the machine, the job can be paused, allowing the 
chance to get to the machine in order to fix the problem, 
and then continue the manufacture.

www.admateceurope.com  

Admaflex 130 1.2.1.1 offers automatic support generation, 
video-based monitoring and remote process monitoring 
(Courtesy Admatec)

Rio Tinto develops new steel powder, 
manufactured on ‘the largest water 
atomiser in North America’

Rio Tinto reports that it has 
developed a new water atomised 
steel powder designed specifically 
for Additive Manufacturing and 
related applications at its Rio Tinto 
Fer et Titane (RTFT) metallurgical 
complex in Sorel-Tracy, Québec, 
Canada. 

The water atomised powder is 
part of RTFT’s ongoing development 
project aimed at producing a range 
of additional powder grades with 
advanced properties for AM.

Rio Tinto’s Critical Minerals and 
Technology Centre at Sorel-Tracy 
partnered with Germany’s KSB 
SE & Co. KGaA, one of the leading 
manufacturers of pumps and valves 
and a pioneer in industrial AM, to 
develop and test the performance of 
the new powder in AM applications. 

Full-scale industrial parts have 
already been produced and tested, 
including parts for a liquid iron 
casting equipment at Rio Tinto’s 
Sorel-Tracy site, said to be an 
industry first.

Stéphane Leblanc, Rio Tinto Iron 
and Titanium Managing Director, 
stated, “This is a new generation 
of steel powders designed for 3D 
printing at RTFT’s metallurgical 
complex, where we have over fifty 
years of experience in making steel 
and iron powders. Our new Additive 
Manufacturing steel powder grade, 
produced using the largest water 
atomiser in North America, brings 
a very competitive raw material 
addition to the growing 3D market.”

www.ksb.com
www.riotinto.com  

EPHJ trade show 
postponed

The EPHJ Trade Show, the leading 
international event for high-precision 
watchmaking, jewellery making, 
microtechnology and medical 
technology, has been postponed 
in accordance with Swiss federal 
directives. The event was originally 
scheduled to take place from June 
8–11, 2021.

These directives currently prohibit 
the holding of trade fairs and stipulate 
the need to inform exhibitors in good 
time for organisational reasons a few 
weeks before the event. This would 
also stand for the postponed date 
if regulations are not eased by the 
autumn. The event is now scheduled 
to take place from September 14–17, 
at Palexpo, Geneva, Switzerland, 
and expects to welcome over 20,000 
professional visitors.

www.ephj.ch/en/  
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Solukon Maschinenbau GmbH, Augsburg, Germany, has 
partnered with The ExOne Company, North Huntingdon, 
Pennsylvania, USA, to develop a depowdering station for 
use with ExOne’s new X1 160Pro production metal Binder 
Jetting (BJT) machine. With the launch of this latest binder 
jet machine, which began shipping to customers in the first 
quarter of this year, new solutions for powder handling had 
to be developed for much larger volumes of powder use and 
reuse within the manufacturing environment, states the 
company.

Solukon is a leading supplier of powder removal and 
processing systems for metal and polymer Additive 
Manufacturing machines. Together, the new X1DPS 160 
depowdering station was developed for use with the X1 
160Pro, and is now being manufactured by Solukon in close 
proximity to ExOne’s facility in Gersthofen, Germany, where 
the X1 160Pro is manufactured.

The X1DPS 160 was designed to work efficiently with 
build boxes directly from the X1 160Pro industrial AM 
machine. After the AM process is complete, the build box 

Solukon develops new metal 
Binder Jetting depowdering 
station

is transferred into the depowdering station, which 
features a sealed chamber made of stainless steel and 
is equipped with a HEPA filtration system as well as 
safety-monitoring equipment.

Glove ports on both sides of the ergonomically 
designed system allow two individuals to depowder, or 
unpack, the build box at one time. For smooth lifting, 
the system uses a semi-automatic, servo-driven 
Z-Axis. The chamber is also equipped with an inte-
grated HEPA dust-extraction unit, as well as a vacuum 
and air gun for cleaning off parts. All powder retrieved 
by the depowdering station is directly connected to a 
powder recycling system.

“Comfortable, safe and efficient unpacking of 3D 
printed parts is the prerequisite for productive work 
flow,” stated Andreas Nagy, vice president of Printing 
Systems at ExOne & Managing Director ExOne GmbH. 
“In order to address this issue, we are happy to have 
Solukon as a leading expert in the design of peripheral 
Additive Manufacturing equipment.”

Andreas Hartmann, co-founder and Technical 
Director of Solukon, commented, “We are delighted 
about our new collaboration. ExOne’s complete metal 
system is exemplary thought out and groundbreaking. 
It is great to become a part of this production AM 
technology.”

www.solukon.de | www.exone.com  

Advertisers’ index 
& buyer’s guide
Find new suppliers of 
materials, production 
equipment and finished 
MIM or sinter-based AM 
parts on pages 99-101

The new X1DPS 160 depowdering station was devel-
oped for use with the X1 160Pro (Courtesy Solukon / Jo 
Teichmann Fotografie)
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ITA calls for abstracts for Titanium 
USA 2021

Visitor registration 
opens for TCT 
3Sixty

The organising committee for 
the Titanium USA 2021 virtual 
conference, taking place October 5, 
has issued a call for abstracts. 
Both market-oriented and 
technical papers are being sought, 
with abstracts encouraged from 
members of the International 
Titanium Association, non-members 
and academia.

Rapid News Group, the organiser of 
TCT 3Sixty, reports that registration 
is now open for the TCT 3Sixty 
event which will take place at 
the National Exhibition Centre 
(NEC), Birmingham, UK, from 
September 28–30, 2021.

The three-day event will 
feature over fifty speakers, more 
than seventy exhibitors, and the 
launch of a new event platform 
for attendees to manage their 
experience.

Duncan Wood, CEO, Rapid News 
Group, stated, “We are confident 
that the new content streams built 
around evaluation, adoption and 
optimisation will empower visitors 
to optimise their time to great 
effect. In a post-COVID world, the 
outcomes of a visit are likely to be 
more important than ever before”.

The conference programme, 
speaker line-up and exhibitor 
directory will be available to 
view exclusively within the event 
platform to those who register 
for the event. Each visitor will 
have a diary within the platform 
where they can manage 
recommendations, meeting 
requests, conference sessions, and 
more, allowing for a streamlined 
experience at the show.

Further information is available 
via the event website.

www.tct3sixty.com  

The session themes include: Raw 
Materials, Commercial Aerospace, 
Global Industrial Applications, 
Manufacturing Technology, Medical 
Technology and Additive Manufac-
turing.

The conference is designed to 
align itself with the needs of profes-
sionals, suppliers, customers and 
stakeholders within the titanium 

industry. To fulfil this broad scope, 
information on the latest business 
and global industry developments 
will be presented alongside noted 
technology & market trends.

Titanium USA 2021 is intended 
to act as a forum for expert 
discussion and continuing educa-
tion alike, allowing networking 
opportunities from all places within 
the industry.

The deadline for abstract 
submission is June 30, 2021.

www.titanium.org  

Tekna begins trading on Euronext 
Growth Oslo
Tekna Holding AS, Sherbrooke, 
Québec, Canada, has begun trading 
on Euronext Growth Oslo, a multilat-
eral trading facility operated by the 
Oslo Stock Exchange. The shares in 
the new issue were sold at NOK 27 
(€2.7), corresponding to a pre-money 
market capitalisation of NOK 2.7 
billion (€270 million) for the company.

The company explains that it 
wants to invest in further growth and, 
prior to the listing, Tekna conducted 
a private placement, raising NOK 
750 million (€75 million) in new 
equity. The placement was said to be 
multiple times oversubscribed and 
attracted significant interest from 
domestic, Nordic and international 
investors including cornerstone 
investors such as Lugard Road 
Capital (managed by Luxor Capital 
Group), Norron, Andenæsgruppen, 
Blackcrane, together with Storebrand 
and Delphi funds.

“This IPO marks the start of a 
new and exciting chapter for Tekna 
as a publicly-traded company, and 
propels us forward in our vision of 
taking a leadership position in three 
multi-billion-dollar markets: Additive 
Manufacturing, printed electronics 
and energy storage,” stated Luc 
Dionne, Chief Executive Officer, Tekna 
Canada. “Supported by a strong 

portfolio of plasma-based technolo-
gies, we have a proven track record 
of scalability, with over 80% recurring 
sales of advanced materials. Our busi-
ness model serves as a solid platform 
for increased market shares and 
strong revenue growth. This listing on 
Euronext Growth, combined with the 
successful private placement, provides 
us with a strong financial platform to 
accelerate our value creation strategy.”

Over the last thirty years, Tekna 
has developed industry technology 
and know-how to produce high-purity 
metal powders for applications such 
as Additive Manufacturing in the 
aerospace, medical and automotive 
sectors, as well as optimised induc-
tion plasma systems for industrial 
research and production.

Morten Henriksen, chairman 
of Tekna Canada and Chief 
Executive Officer of Tekna Holding AS, 
commented, “Built on three decades 
of delivering excellence, Tekna has 
proven and commercialised technology 
with a global network of over 200 
blue-chip customers and an ambitious 
growth strategy towards 2030. The 
listing on Euronext Growth is an 
important part of this growth strategy 
and we look forward to continue the 
Tekna journey as a listed entity.”

www.tekna.com  

The European Powder Metallurgy 
Association (EPMA) has announced 
its 20th Powder Metallurgy Summer 
School, set to take place in Ciudad 
Real, Spain, has been delayed for 
the second year due to restrictions 
imposed by COVID-19. The location 
for the 2022 Summer School will 
remain the same, but the date is yet 
to be confirmed.

The five-day residential course 
is open to young scientists, 
designers and engineers looking 
to gain a broader knowledge and 
understanding of the PM process 

and applications. Topics covered 
include the manufacture of metal 
powders, powder compaction, MIM, 
modelling, sintering, HIP and Additive 
Manufacturing. Participants also 
have the chance to discuss and solve 
problems, as well as gain hands-on 
experience of various PM processes.

The EPMA adds that students 
will have the opportunity to learn 
more about Powder Metallurgy, free 
of charge, during its 2021 Young 
Engineers Day which will take place 
virtually on September 9, 2021.

www.epma.com  

EPMA’s Powder Metallurgy Summer 
School postponed until 2022

Phoenix 
Scientific 
Industries Ltd 

High throughput 
continuous gas 

atomisation systems

Advanced Process Solutions

PSI provide 
excellence in rapid 

solidification systems 
to the worldwide AM, 
SLM, HIP and Solar 

industries

For the 
production of 
metal powders

PSI Limited - Apex Business Park
Hailsham - East Sussex - BN27 3JU - UK

Tel: +44 (0)1323 449001
 info@psiltd.co.uk - www.psiltd.co.uk

Model 75/5 VI
Spherical free 

flowing low 
oxygen content 

metal powder 

HERMIGA 75 Series 
Research Atomisers
(2 - 5 kg furnaces)

Model 75/3 VI
Typical median 

(d50) 10 - 100µm
Closed coupled 
die technology 

Model 75/2 CC
Cold crucible melting 

for titanium and 
other reactive melts 
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Improve YOUR sintered parts' tolerance to 2‰

Full Series Debinding and Sintering Furnace
for Metal Injection Molding

Hiper is the leading MIM furnace manufacturer in the world
l Graphite/Metal hot zone debinding and sintering furnace
l All-in-one walking beam continuous debinding and sintering furnace

E : xiangwei.zou@hiper.cn/W: www.hiper.cn
No.365 Xinxing Yi Road,Cixi,Zhejiang,China

Our Technology，
your FF uu tt uu rr ee!

Hiper Pro furnace

Tolerance：0.4 mm

Variance：0.1

Tolerance：0.08 mm
Variance：0.02

Material：：    316L 

Powder：：D50=10um(water atomization）

Size：：    9*9*55mm

Weight：：    27g

Description：：Square、long、half hole 

Challenge：：Hard to get uniformity sintering 

dimension because of half hole

Basic furnace

Industry News

Markforged, Watertown, Massachu-
setts, USA, has announced its results 
for the first quarter ending March 31, 
2021. Markforged expects to complete 
its previously announced merger with 
one (NYSE: AONE) later this summer, 
whereupon it will be listed on the New 
York Stock Exchange as MKFG.

The company reported revenue 
increased by 14.7% to $20.3 million 
in the first quarter of 2021, compared 
to $17.7 million in the same period in 
2020. Gross profits also grew 31.9%, 
from $9.4 million in Q1 2020 to $12.4 
million in the same quarter of 2021. 
This is largely attributed to increased 
revenue and cost reductions achieved 
via operational efficiencies. Gross 

Markforged announces revenue increase 
in first quarter 2021 results

margins also expanded to 61% in the 
first quarter of 2021 versus 53% in the 
first quarter of 2020.

“We are pleased with our results 
from the first quarter of the year, 
building on our strong momentum 
from 2020,” stated Shai Terem, 
Markforged’s president and Chief 
Executive Officer. “These results 
reflect the growing demand for our 
unique Digital Forge platform and the 
strength of our partners and team.”

“Earlier this year, we achieved 
an important milestone with the 
release of our AI-powered Blacksmith 
software. Blacksmith inspects parts 
in real time while printing and learns 
through AI to streamline workflow 

and give manufacturers accurate, 
repeatable parts on our Markforged 
X7 printers. We continue to add deep 
industry expertise to our sales chan-
nels through the addition of global 
partners such as Phillips Corporation, 
a manufacturing-focused reseller with 
a strong Haas footprint.”

“The addition of seasoned leaders 
such as Mark Schwartz, our Chief 
Financial Officer, and Ken Clayton, our 
SVP, Global Sales, speaks volumes 
to our ability to scale and meet the 
requirements of our customers, 
partners and investors. We’re 
committed to continuing to accelerate 
product innovation and expand 
customer adoption as we finalise the 
merger transaction with one and begin 
trading under the Markforged ticker 
MKFG,” Terem concluded.

www.markforged.com  

Xometry, Inc., an AI-enabled market-
place for on-demand manufacturing, 
headquartered in Gaithersburg, 
Maryland, USA, has announced that 
it has filed a registration statement 
on Form S-1 with the U.S. Securities 
and Exchange Commission (SEC) 
relating to a proposed initial public 
offering of shares of its Class A 
common stock.

The number of shares to be 
offered and the price range for the 
proposed offering have not yet been 
determined. Xometry intends to list 
its Class A common stock on the 
Nasdaq Global Select Market under 
the symbol ‘XMTR.’

Xometry announces proposed initial 
public offering

Goldman Sachs & Co. LLC, J.P. 
Morgan and UBS Investment Bank 
will act as joint lead book-running 
managers and as representatives of 
the underwriters for the proposed 
offering. Citigroup, BofA Securities, 
William Blair and RBC Capital 
Markets will also act as book-running 
managers.

Xometry states that the proposed 
offering will be made only by means 
of a prospectus, and when available, 
copies of the preliminary prospectus 
relating to the proposed offering may 
be obtained. A registration state-
ment on Form S-1 relating to these 
securities has been filed with the 

SEC but has yet to become effective. 
These securities may not be sold, nor 
may offers to buy be accepted, prior 
to the time the registration statement 
becomes effective.

Xometry uses its proprietary 
technology to create a marketplace 
that enables designers and engineers 
to rapidly source high-quality 
on-demand manufactured parts 
and assemblies. Its platform offers 
manufacturing services in order 
to grow sellers’ businesses. The 
company’s online quoting portal and 
network of thousands of manufac-
turing facilities ensure fast lead times 
and offers a range of capabilities, 
including Additive Manufacturing, 
CNC machining, injection moulding, 
sheet metal, and casting.

www.xometry.com  
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Headmade Materials 
enables high-end titanium 
pedals for bikes

Olivia Schmidt joins Kymera as new 
Chief Commercial Officer

Headmade Materials GmbH, Würzberg, Germany, has 
collaborated with Titanum GmbH, Hamburg, Germany, 
on the production of lightweight titanium clipless bike 
pedals by sinter-based AM. Through the use of Headmade 
Materials’ Cold Metal Fusion Additive Manufacturing 
process, a type of Laser Beam Powder Bed Fusion (PBF-
LB) adapted from polymer AM technology, the journey 
from initial contact between businesses to final design has 
taken only six months.

Rico de Wert, co-founder of Titanum, had been working 
on the design for the clipless pedals for a number of years, 
but technical feasibility and high-cost manufacturing have 
held the project back. Matthias Sharvogel, CEO of titanium 
specialist Element 22 GmbH, based in Kiel, Germany, 
brought Titanum and Headmade Materials together in 
mid-2020, a successful partnership that has resulted in 
bringing the new MyTi clipless pedals to market.

Cold Metal Fusion technology, developed by Headmade 
Materials, uses a titanium feedstock that can be processed 
on widely available standard polymer SLS systems. Once 

Kymera International, headquar-
tered in Raleigh, North Carolina, 
USA, has announced that Olivia 
Schmidt joined its Executive Leader-
ship Team as Chief Commercial 
Officer on June 7, 2021.

Reporting directly to Barton 
White, Kymera’s CEO, Schmidt will 
be responsible for leading the global 
sales and marketing efforts for the 
company, including ACuPowder, 
ECKA Granules, Innobraze, Reading 
Alloys and SCM Metal Products.

Prior to joining Kymera, 
Schmidt spent seventeen years 
in various progressive leadership 
roles at BASF, including sales/
marketing, product management, 
R&D, business development and 
strategy. Most recently she was 
the vice president of BASF’s, 
Global Strategic Marketing (Mobile 
Emissions Catalysts), where she had 

the green part is built, it is debound and sintered to 
obtain a fully-dense metal part. 

Following the production of the first prototype, where 
the performance was said to be outstanding, only a few 
details were changed before the patent was filed. The 
pedals have since been tested and found suitable for 
both mountain bike and road use by bike specialists 
such as Ralf Holleis at Huhn Cycles and Tom Sturdy 
from Sturdy Cycles.

www.headmade-materials.de/en
www.titanum.bike
www.element-22.com  

The MyTi titanium clipless pedals will be available from 
summer 2021 (Courtesy Headmade Materials GmbH)

Olivia Schmidt has joined Kymera International as Chief Commercial Officer 
(Courtesy Kymera International)

full financial responsibility for a $1.7 
billion business.

“Olivia’s breadth of experience 
will no doubt help Kymera achieve 
its strategic initiatives, launch new 
products into the market and help 

facilitate the integration of acquisi-
tions,” commented White.

Schmidt earned her bachelor’s 
degree in Business Administration 
from Universidad Catolica Andres 
Bello in Venezuela and her MBA 
from the University of Hartford in 
Connecticut. She is fluent in English, 
Spanish and German.

www.kymerainternational.com  

Industry News

The Fraunhofer Institute for Manufacturing 
Technologies and Advanced Manufacturing (IFAM), 
Bremen, Germany, will host a second workshop on 
Sinter-Based Additive Manufacturing this September 
15–16, 2021. During the workshop, industrial 
specialists will provide insights into Binder Jetting and 
other sinter-based technologies from the user’s point 
of view.

 The programme will feature experiences and 
applications for metal Binder Jetting, introduce new 
sinter-based technologies and include a session 
on enabling technologies such as depowdering and 
simulation, as well as an expert panel discussion on 
‘challenges and future perspectives of sinter-based 
Additive Manufacturing.’ 

Participants can choose to attend the event either 
live or virtually. Prior to the workshop, an additional 
tutorial (live attendance only) is available for interested 
participants, in which the fundamentals of sinter-
based AM technologies will be explained in-depth.

Further information on the workshop and 
registration details are available via Fraunhofer IFAM. 
Registration is available at an early-bird discounted 
rate until June 30.

www.ifam.fraunhofer.de  

Fraunhofer IFAM to host 
second sinter-based AM 
workshop in September

Avda. Parayas, 32 39011 Santander - España (Spain)
ecrimesa@ecrimesa.es  (+34) 942 334 511 

www.ecrimesagroup.com

New additive manufacturing facilites 
for prototypes and short batches.
— Invewstment Casting
— MIM
— Machining
— Additive manufacturing
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Prof José Manuel Torralba has been 
appointed director of IMDEA Materials 
Institute, one of the seven Madrid 
Institutes for Advanced Studies 
(IMDEA), by the board of trustees 
after an international open selection 
process was concluded. He succeeds 
Prof Ignacio Romero, who has been 
leading the institute over the last four 
years.

Prof Torralba completed studies 
as a Metallurgical Engineer at the 
Technical University of Madrid – UPM 
and Armament and Materials 
Engineer at Escuela Politécnica 

José Manuel Torralba appointed new 
director of IMDEA Materials Institute

Superior del Ejército, EPSE. He has 
also earned two PhD degrees: Dr 
Eng Metallurgy (UPM) and Dr Eng 
Armament (EPSE).

Torralba has been Head of the 
Materials Science and Engineering 
Department, vice-rector for 
Academics Infrastructures and 
vice-rector for Research and Innova-
tion at MSE at Universidad Carlos 
III de Madrid (UC3M). As well as 
Deputy Director of Institute IMDEA 
Materials, Director-General for 
Universities and Research of Madrid 
Regional Government and Higher 

Artistic Arts Studies. He is currently 
a Professor of MSE at UC3M.

His main scientific-technical 
field of interest is Powder Metal-
lurgy, especially powder 
development & characterisation and 
advanced consolidation methods 
(field-assisted sintering, Metal 
Injection Moulding, and Additive 
Manufacturing). Torralba focuses 
his research activity on the physical 
metallurgy of materials and micro-
structural development. He has 
published more than 500 scientific 
papers (200 peer-reviewed) and 
supervised twenty-eight PhD theses. 
He is Editor in Chief (Co-Editor) of 
Powder Metallurgy journal.

www.materials.imdea.org  

AGC Ceramics Co, Ltd, Tokyo, Japan, 
and Voxeljet AG, Friedberg, Germany, 
have partnered to qualify Brightorb™, 
a high-performance ceramic material 
for Additive Manufacturing. Brightorb, 
originally developed by AGC Ceramics, 
is composed of spherical sand, 
with the main components being 
80% aluminium oxide (Al2O3), 10% 
zirconium oxide (ZrO2), and 9% silicon 
oxide (SiO2), as well as the minerals 
corundum, baddeleyite and types of 
cement. It was qualified in Voxeljet’s 
Material Certification Lab in Friedberg 
using a VX1000 AM machine.

During the Additive Manufacturing 
process, 50 µm-sized grains of 
Brightorb are applied to the build 
platform with layer thicknesses of 
100 µm and selectively bonded with an 
inorganic binder. The inorganic binder 
is characterised by its environmental 
compatibility, as only water vapour 
is produced during moulding, thus 
improving working conditions in 
foundries.

To subsequently prepare the 
additively manufactured ceramic for 
the final application, the components 
are impregnated with a silica-based 
liquid and have to be fired in a 
sintering furnace for their final 
strength. Most of the unused powder 

Voxeljet and AGC Ceramic develop 
ceramic material for AM

can be reprocessed, recycled and fed 
back into the AM process.

“We have been noticing a growing 
demand for increasingly-complex 
component geometries among our 
customers for a long time,” stated 
Dr Ingo Ederer, CEO at Voxeljet. “The 
great advantage of the geometric 
freedom of 3D printing is that 
geometric adjustments can signifi-
cantly optimise the efficiency and 
effectiveness of, for example, engines 
or turbine wheels.”

Ederer continued, “Together with 
AGC Ceramics, we have been able 
to optimise a VX1000 for ceramic 
powder in close cooperation, so that 
it is ideally suited for the challenging 
demands of metal casting. Both 
in terms of strength and surface 
quality.”

The resulting additively manu-
factured ceramics are suitable for 
use as cores for the investment 
casting process in order to reproduce 
complex and filigree cavities within 
castings. In this process, the filigree 
cores are combined with conventional 
wax patterns. These are coated with a 
ceramic slurry and burned out before 
casting, leaving a hollow ceramic 
mould in which the manufactured 
core is still inserted; molten metal 

is poured into the mould. After 
cooling, both the mould and the core 
are removed. This process makes it 
possible, for example, to integrate 
internal cooling channels in turbine 
blades, thus increasing turbine 
efficiency and reducing downtimes to 
a minimum.

“Brightorb is a high-performance 
ceramic that is extremely well suited 
for metal casting due to its high-
chemical stability, heat resistance, 
thermal conductivity and low thermal 
expansion,” added Yukihiro Ushimaru, 
Additive Manufacturing Director 
from AGC Ceramics. “We were able 
to optimise the material set in such 
a way that the shrinkage factor of 
the printed components during the 
downstream sintering process at 
1,400°C is less than 1%. This means 
that the components are also suitable 
for filigree core designs. Thanks to 
the high-fire resistance, it is possible 
to cast alloys with melting points 
beyond 1,600°C.”

“Overall, ceramics will continue 
to gain importance as a material 
in the future, and the same applies 
to 3D printing as a manufacturing 
technology. We are pleased to have 
embarked on this path together with 
Voxeljet and look forward to further 
close cooperation,” Yukihiro Ushimaru 
concluded.

www.agcc.jp
www.voxeljet.com  
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EPMA publishes Euro 
PM2021 technical 
programme
The European Powder Metallurgy Association (EPMA) 
has published the full technical programme for Euro 
PM2021, scheduled to take place virtually on October 
18–22, 2021. The following topics will be covered via 
oral and/or poster presentation:

• Cermets and their applications
• The optimisation of PM parts using HIP
• Beam-based AM technologies for nickel-base 

materials and refractory metals
• Automotive applications 
• Materials for press and sinter PM
• Key industrial applications of HIP
• AM sinter-based technologies: Binder Jetting
• Biomedical applications 
• Modelling 
• Superhard materials
• Advances and challenges for hard magnets
• Beam-based AM technologies: hardmetals and 

hard materials

The full technical programme is now available for 
download through the event’s website.

www.epma.com  

Industry News

PM China expo celebrates a 
successful 14th show, attracts 
31,000 visitors
The 2021 China International Exhibition for Powder 
Metallurgy, Cemented Carbides and Advanced Ceramics 
(PM China 2021), which changed its name from Shanghai 
International Exhibition for Powder Metallurgy, Cemented 
Carbides and Advanced Ceramics upon the approval of the 
Ministry of Culture, took place at the Shanghai World Expo 
Exhibition Center from May 23–25.

Celebrating its fourteenth edition, the event organiser 
Uniris Exhibition Shanghai Co., Ltd. welcomed over 
31,000 visitors and featured 506 exhibitors across the 
30,000 m2 of show space. Showcased were a range of 
products, services, and solutions in the fields of Powder 
Metallurgy, cemented carbides, advanced ceramics, Metal 
Injection Moulding, metal Additive Manufacturing, and 
magnetic materials including materials, applications, and 
production equipment.

This year saw the exhibition adopt a ‘Cloud Exhibition’ 
service which enabled ‘face-to-face’ interviews with 
exhibitors via camera. The webcasts were shown live on 
social media and other online platforms.

In addition to the exhibition, the event also hosted 
a number of high-quality academic forums and 
technical seminars, with over sixty speakers including 
leading experts, scholars, scientific research talents 
and corporate executives. The forums and seminars 
included:

• 3rd Shanghai International Summit on Advanced 
Ceramic Technology and Industry Development

• 10th Shanghai International Powder Metallurgy & 
Injection Molding Forum

• 2nd Shanghai Tungsten Industry Summit & 
International Cemented Carbides Seminars

• Joint Council & Academic Forum Powered by 
the Powder Metallurgy Professional Committee 
of Shanghai Mechanical Engineering Society 
& Powder Metallurgy Branch of Shanghai New 
Materials Association

The 15th China International Exhibition for Powder 
Metallurgy, Cemented Carbides and Advanced 
Ceramics (PM China 2022) is scheduled to take place 
at the Shanghai World Expo Exhibition Center on May 
23–25, 2022.

www.pmexchina.com  
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SimpaTec is a specialist solu-
tions provider for the design and 
optimisation of the injection moulding 
process (Courtesy SimpaTec)

STOCK CODE:000969

Sales Agent in Europe

METAL POWDERS
SINCE 1958        
AT&M  possess gas  and water atomization  production lines, annual 
capacity of 10,000 tons, passed IATF16949 certification. Focus on 
soft magnetic powders and MIM powders
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Advanced Technology (Bazhou) 
Special Powder Co.,Ltd

No.76 Xueyuan Nanlu, Haidian 
Beijing,100081, China
Tel:+86(10)-62182464
Email:powdermetal@atmcn.com 
www.antai-emarketing.com

Burkard Metallpulververtrieb GmbH 
Tel. +49(0)5403 3219041
E-mail: burkard@bmv-burkard.com

Industry NewsIndustry News

SimpaTec GmbH, Aachen, Germany, 
has opened its first US location as a 
local reseller for Moldex3D, software 
solution provider for the design and 
optimisation of the injection moulding 
process. The new office facility is 
located in Charlotte, North Carolina, 
where the company believes it will be 
strategically well-suited to intensify 
and qualify the company’s activities 
and is in close proximity to all relevant 
market players.

“We believe this to be the ideal 
location and conditions to establish 
new business relationships, to 
steadily expand them and to realise 
our striving future plans in the 
American, Canadian and Mexican 
market,” stated Cristoph Hinse, CEO, 
SimpaTec.

The company has also announced 
its North American partnership with 

SimpaTec opens new facility in US and 
adds Moldex3D to its solutions

Contura MTC GmbH, a developer of 
mould temperature control concepts. 
SimpaTec believes that these two 
relationships make them an ideal 
partner for all engineering services 
revolving around conformal cooled 
mould inserts for small or large 
components, as they are able now 
able to offer solutions for shorter 
cycle times, improved quality and cost 
reduction.

“We are extremely happy to have 
such an experienced, competent 
and skilful partner situated locally in 
the US and who, therefore, is able to 
intensively look after the needs of all 
the existing and future customers,” 
added Reiner Westhoff, Managing 
Director of Contura MTC. “We truly 
look forward to a fruitful cooperation”

SimpaTec is now present on three 
continents – North America, Europe 

and Asia – which means that the 
company is not only in close proximity 
to their customers, but also that time 
zones differences are easily over-
come, allowing for ’round the clock’ 
support. Another major advantage 
of the company’s expanded global 
presence is that the market-specific 
requirements can be covered, realised 
and performed.

www.simpatec.com
www.moldex3d.com
www.contura-mtc.de  

Raw material costs push 
Kanthal price increase
Swedish heating technology provider Kanthal, part of 
the Sandvik Group, has announced a price increase as a 
result of higher costs related to raw material, logistics and 
personnel. The increase, which took effect June 7, 2021, 
will vary from 4% to 10% dependent on product and region.

“Rising prices on raw material and a recovery of the 
global economy are driving the inflationary pressures in 
our industry,” stated Anders Björklund, president. “We are 
working continuously to optimise our cost structure and 
make our operations more efficient, but it’s also necessary 
for us to adjust prices to ensure that we can maintain and 
improve product innovation and service expertise that are 
delivering value to our customers.”

www.kanthal.com  

Multistation will be a distributor for Xerion’s Fusion 
Factory system in France and North Africa (Courtesy 
Multistation/Xerion Berlin Laboratories GmbH)

Multistation becomes a 
distributor of Xerion’s Fusion 
Factory
Multistation, a digital manufacturing provider based in 
France, has signed an agreement to be the exclusive 
distributor for Xerion’s Fusion Factory Additive Manufac-
turing system in France and North Africa.

The Fusion Factory, developed by Xerion Berlin Labo-
ratories GmbH, Berlin, Germany, is a compact production 
line for the Additive Manufacturing of metal and ceramic 
components. It has three modules that combine the 
process steps of printing, debinding and densification (the 
final heat treatment to produce a purely metal and dense 
component) into one plant. With additional AM modules, 
the system can be expanded for industrial series produc-
tion.

With a heating temperature of 1550°C and monitoring 
capabilities, the Fusion Factory is suitable for a wide 
range of applications and is particularly suited for BASF’s 
Ultrafuse and Catamold materials.

www.multistation.com | www.xerion.de  
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Binder System DesignBinder System Design

 High flowability at molding 
temperature
Binder design considering the viscosity at 
around the molding temperature.

 High expansion property in the mold 
during injection moulding
Wide moulding condition range because of 
the Barus Effect. (Fig.1 and 2)

 High thermal decomposition property 
in the de-binding process
There is no effect on the sinter quality, 
because there is no residue after de-binding. 
(Fig.3)

■：use other company’s binder
◆：atect MIM Feedstock

Fig.2 Flow characteristic compared with pellets using the other company’s
binder

The flow amount F, when the load S is applied to the thermoplastic 
fluid, is given as following equation.

 
Here, a is the flow characteristic at load=1, n is Barus effect.

Fig.1  Schematic of the relationship between n value and flow characteristic

※Since larger n value, material expands in the mould, dense green part is 
obtained. 

Fig.3 TGA Curve of Binder

※All components are vaporized at around 500℃. ※With our binder, it is possible to obtain precise green part because material 
easily expands in the mould.

Barus effect
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Atect Full-Mould 
binders
The BINDER for thermal debinding 
systems, capable of being recycled  
up to 10 times!

• Just regrind the sprue, runner and unwanted green parts then reuse!
• Use 100% reground material without the need for fresh feedstock!
• No change in the shrinkage ratio or physical properties!
• No change in mouldability!
• No need to modify debinding and sintering setup!

Binder system design
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Email :pimsales@atect.co.jp
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Industry News

Desktop Metal, Inc, Burlington, 
Massachusetts, USA, has qualified 
the use of 316L stainless steel and 
4140 low-alloy steel for use in its 
Production SystemTM metal Binder 
Jetting (BJT) Additive Manufacturing 
platform.

316L stainless steel 
Known for its corrosion resistance 
and excellent mechanical properties 
at extreme temperatures, 316L 
stainless steel is well suited to 
applications in the most demanding 
conditions, such as parts exposed to 
marine or pharmaceutical processing 
environments, food preparation 
equipment, medical devices and 
surgical tooling.

Desktop Metal’s Production 
System machines use the company’s 
patent-pending Single Pass Jetting™ 
(SPJ) process. Based on BJT tech-
nology, this allows users to additively 
manufacture components at speeds 
greater than that of laser-based AM 
systems.

“The qualification of 316L stain-
less steel with leading mechanical 
properties on the Production System 
platform is part of our aggressive 
roadmap to support an array of 
materials for Binder Jetting and a 
testament to the advantages of SPJ 
technology, which enables mass 
production throughput without 
sacrificing part performance and 
repeatability,” stated Jonah Myerberg, 
co-founder and CTO of Desktop Metal.

“With 316L on the Production 
System P-50, businesses will 
now be able to leverage Additive 
Manufacturing to produce complex, 
end-use parts suitable for use in 
harsh environments at volumes and 
costs competitive with conventional 
manufacturing.” 

4140 low-alloy steel
Desktop Metal is reportedly the first 
company to qualify 4140 low-alloy 
steel for use with metal BJT systems, 
enabling its use in mass production 
end-use part applications.

Considered one of the most 
versatile low-alloy steels, 4140 is 
characterised by its toughness, high 
tensile strength, and abrasion and 
impact resistance. It is a critical, 
all-purpose and heat-treatable 
steel used extensively in a variety 
of automotive, oil and gas, and 
industrial applications, such as 
gears, downhole tool components, 
couplings, spindles, bolts and nuts, 
and many other mechanical parts.

Desktop Metal’s materials 
science team has validated that 4140 
low-alloy steel, built on Production 
System technology and sintered 
by Desktop Metal, meets MPIF 35 
standards for structural Powder 
Metallurgy parts.

“4140 has been a challenging 
material for metal Binder Jetting 
because of its low alloyed content, 
tight carbon control requirements, 
and low ignition energy, which 
together require advanced binder 
chemistry, as well as extensive 
printing and sintering optimisation 
and atmospheric controls for safe 
processing,” added Myerberg.

“We are excited to be the first to 
qualify 4140 for metal Binder Jetting 
to enable this versatile material for 
the AM industry. With the speed of 
the Production System, businesses 
can now use Binder Jetting to print 
complex 4140 parts at competitive 
costs while maintaining the strength 
and mechanical properties of tradi-
tionally manufactured alternatives. 
This is a game-changing solution for 
manufacturers who have been tied 
to time-consuming and expensive 
machining and conventional tool-
based manufacturing processes,” 
Myerberg stated.

The Production System platform 
materials library now includes 17-4 
PH stainless steel, 316L stainless 
steel and 4140 low-alloy steel, each 
of which have been qualified by 
Desktop Metal. The platform also 
supports several customer-qualified 
materials, including silver and 
gold, and the company plans to add 
additional metals to its portfolio, 
including tool steels, stainless steels, 
superalloys, copper, and more.

www.desktopmetal.com  

Desktop Metal qualifies 316L stainless 
steel and 4140 low-alloy steel for its 
Production System

The use of 316L extends the life of these rocker arms used to open and 
close intake and exhaust valves on an outboard marine engine. Additive 
Manufacturing on the Production System P-50 enables more than a thousand 
parts per day, with ribbing features and cutouts to deliver adequate strength 
and stiffness, while maintaining low weight and a small footprint versus the 
standard cast alternatives (Courtesy Desktop Metal)
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Lithoz GmbH, headquartered in Vienna, Austria, is 
expanding its global presence with the establishment 
of Lithoz China in Shanghai. This positioning within a 
key strategic manufacturing market is intended to allow 
Lithoz to better support its customers both locally and 
globally while strengthening its contribution to ceramic 
Additive Manufacturing, the fastest-growing segment of 
AM as per The Wohlers’ Report. The company recently 
participated in TCT Asia, which was held in Shanghai in 
May 2021.

Lithoz China will be led by EOS China, with Hongyi 
Yang, originally Ecosystem Sales Manager at EOS, 
acting as head. EOS China reputedly hosts a large team 
of experts which allows the company to offer services 
for advice and equipment maintenance as part of its 
customer support.

Yang commented, “It is a challenging, but appealing, 
job. Ceramic 3D printing is a fascinating technology 
which already shows great potential to revolutionise the 
conventional ceramic processing methods. By benefit-
ting from the very dynamic developing manufacturing 
industries in China, Lithoz is strengthening their 
commitment to customers and ensuring bigger growth 
in the coming years.”

“We strongly believe in the Chinese market to offer 
great new opportunities for growth when it comes to 
ceramic 3D printing,” added Dr Johannes Homa, CEO 
and co-founder of Lithoz. “Together with our existing 
distributors and our new partner in EOS China, Lithoz is 
determined to push this technology forward.”

www.lithoz.cn  

Lithoz establishes base 
in Shanghai

Hongyi Yang will move from a management position at 
EOS to head Lithoz China (Courtesy Lithoz GmbH)

Submitting news to PIM International is free of 
charge and reaches a global audience. For more 
information contact Nick Williams: 
nick@inovar-communications.com

Publish your MIM, CIM and sinter-based AM 
news with us...

• Metal or graphite hot zones
• Processes all binders and 

feedstocks 
• Sizes from 8.5 to 340 liters  

(0.3–12 cu ft.)
• Pressures from 10-6 torr to  

750 torr
• Vacuum, Ar, N2 and H2

• Max possible temperature 
3,500°C (6,332°F)

• Worldwide field service, 
rebuilds and parts for all 
makes

Centorr Vacuum Industries
55 Northeastern Blvd 

Nashua, NH 03062
USA 

Tel: +1 603 595 7233
Fax: +1 603 595 9220

Email: sales@centorr.com

www.vacuum-furnaces.com

MIM-VacTM 
Injectavac®

MIM debind and sinter 
vacuum furnaces
Over 6,500 production and laboratory furnaces manufactured since 1954

The Metal Powder Industries 
Federation (MPIF) has announced 
its latest release: Tungsten Heavy 
Alloy Handbook— Applications, 
Compositions, Fabrication, Proper-
ties, Microstructures, and Modeling of 
Sintered Tungsten Heavy Alloys by Dr 
Randall M German.

The 458-page handbook 
consists of twenty-seven sections, 

MPIF releases handbook on tungsten 
heavy alloys

each composed of smaller, indexed 
sections that can be understood 
independent of the rest of the text. 
It is designed to enable readers to 
solve challenges typical to the use of 
tungsten heavy alloys.

The searchable, full-colour PDF 
handbook is available for purchase via 
the MPIF’s website.

www.mpif.org  

Ultra Fine 
Specialty Products 
earns AS9100 
certification for gas 
atomised powders
Ultra Fine Specialty Products, 
LLC, an affiliate of Novamet 
Specialty Products Corporation, has 
announced that its manufacturing 
site in Woonsocket, Rhode Island, 
USA, has received AS9100 certifica-
tion for production and supply of gas 
atomised powders.

Ultra Fine’s gas atomisation 
process is said to produce high-purity 
spherical metal powders with tightly 
sized particle distributions (d90 < 
30 µm) to meet customers’ stringent 
specifications for Metal Injection 
Moulding and Binder Jetting (BJT) 
AM. It is believed that AS9100 certi-
fication will facilitate the adoption of 
these processes by the aerospace 
industry for the production of iron-, 
nickel-, cobalt-, and copper-alloy 
parts.

Ultra Fine has launched a new 
website with data on standard 
powder products and a research 
section on MIM processing of alloys 
for aerospace, automotive, medical, 
chemical processing and electronics 
applications.

Ultra Fine and Novamet have 
also developed a new technique to 
improve the flowability of fine metal 
alloy powders, such as IN718, for 
use in powder bed fusion processes. 
Novamet is ISO 9001 certified.

Ultra Fine was purchased on June 
30, 2020 from Carpenter Technology 
by a group of investors affiliated 
with Novamet. Novamet Specialty 
Products Corporation was formed 
in 1976 to apply technology to the 
development of nickel-base powders 
with unique morphologies, shapes, 
and sizes. The company currently 
processes and distributes various 
metal powders and coated products 
for the MIM, aerospace, automotive, 
coatings, and electronic materials 
markets.

www.ultrafinepowder.com
www.novametcorp.com  
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Wall Colmonoy completes installation 
of UK’s first Desktop Metal Shop System

CeramTec partners with digitisation 
experts and startups on future-proof 
business models

Wall Colmonoy Limited, 
Pontardawe, Wales, UK, reports it 
has fully installed a Desktop Metal™ 
Shop System™, adding to the range 
of metal processing technologies 
offered through its Precision 
Components business. Reported 
to be the first installed Shop 
System in the UK, Wall Colmonoy 
can now offer Binder Jetting (BJT) 
AM  in 17-4PH stainless steel, with 
Colmonoy® nickel and Wallex® 
cobalt alloys expected to follow.

Wall Colmonoy’s Precision 
Components division encompasses 
a 2200 m2 modern machining 
facility and 1765 m2 casting foundry, 
backed with fifty years of casting 
experience in wear-resistant 
alloys. The Desktop Metal Shop 
System is optimised for low- to 
medium-sized production runs, and 
is suitable for many applications 
within automotive, food processing, 
manufacturing, and marine 
industries.

“This latest purchase marks a 
new chapter for Wall Colmonoy and 

As part of a plan to better support 
innovation projects, CeramTec 
GmbH, Plochingen, Germany, has 
collaborated with hy, the strategy 
and digitalisation consultancy of 
the Axel Springer Media Group, and 
two Berlin startups, Clous & Aucta, 
on the development of future-proof 
digital business models focusing on 
customer needs. The first project, 
an online self-configuration tool 
(SCT), launched in April 27.

“Manufacturing companies 
operate in a market environment 
that is changing rapidly and 
becoming more complex. We 

we are inspired by the possibilities of 
metal 3D printing to really expand 
what we can make. It’s exciting to be 
able to offer this route for customers 
who have smaller volumes or have 
parts that are difficult to cast,” stated 
Chris Weirman, Technical Director.

Wall Colmonoy also intends to use 
the machine to produce innovative 

have to deal constructively with 
the resulting dynamics in order to 
be able to develop future-oriented 
offers and services,“ stated Dr Hadi 
Saleh, CeramTec Group CEO. “The 
cooperation with external partners 
and their expertise provide us with 
important input. We are confronted 
with perspectives from outside 
the industry that encourage us to 
rethink and help drive the digital 
transformation regarding our internal 
processes.”

The initial SCT will reportedly 
allow the configuration process for 
two product groups of CeramTec 

new parts for its atomisation plant 
in Pontardawe. The possibilities 
of the Additive Manufacturing 
process are reported to be of 
great interest to the engineering 
team, who have earmarked 
several parts for development. 
AM will also allow Wall Colmonoy 
to quickly implement tooling 
improvements and reduce the 
downtime associated with waiting 
for replacement parts.

www.wallcolmonoy.com  

to be completely digitalised. 
Customers will be guided through 
the self-configurator on the website 
in self-explanatory steps, which 
shortens the ordering process and 
delivery times.

To ensure a quick, customer-
oriented implementation, Clous and 
Aucta are providing the backend 
technologies that check the technical 
feasibility of CAD files, which can be 
uploaded by customers, and to display 
requested products as 3D visualisa-
tions in order to further develop them 
online alongside customers. These 
solutions are also intended to allow 
the SCT to handle more complex 
customer requests with more 
efficiency and effectiveness.

www.ceramtec-group.com
www.hy.co | https://en.clous.io/
www.aucta.io  

Dr Chris Weirman (right), Technical Director, with Additive Manufacturing 
team members Sam Melmoth (left) and Lewis Morgan (centre) in front of the 
installed binder jet machine from Desktop Metal (Courtesy Wall Colmonoy)
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Verder Scientific GmbH & Co. KG, 
Haan, Germany, a division of the 
Verder Group, has agreed to acquire 
all the shares of US-based Mager 
Scientific Inc., Dexter, Michigan, a 
distributor of metallographic and 
hardness testing equipment in the 
USA, including the QATM product 
lines for metallographic preparation 
and hardness testing.

The acquisition is said to be 
based on a long-standing successful 
cooperation between the two 
companies and is expected to greatly 
improve Verder Scientific’s impact on 
the US market.

Mager Scientific offers customers 
a full range of material testing solu-
tions and consumables. In addition to 
comprehensive product and applica-
tion know-how, the company will 
provide Verder Scientific with direct 
access to this important customer 
segment.

Verder Scientific 
acquires Mager 
Scientific

For Verder Scientific’s US entity, 
Verder Scientific Inc. based in 
Newtown, Pennsylvania, the acquisi-
tion of Mager Scientific provides an 
opportunity to merge sales channels 
and benefit from each other’s 
contacts. QATM will gain direct 
access to their US customer base to 
guarantee perfect customer service.

Together with the Mager business, 
Verder Scientific Inc aims to become 

a major player in the distribution 
of quality control equipment, with 
annual sales of approximately $35 
million. The new setup is expected to 
allow Verder Scientific to close more 
strategic deals with key accounts in 
the world’s largest economy and to 
fully exploit the synergies between the 
brands.

www.verder-scientific.com
www.magersci.com  

Left to right: Georg Schick, president of Verder Scientific Inc and Jarrad Lawlor, 
president of Mager Scientific Inc (Courtesy Verder Scientific Inc)

ASM International, Materials 
Park, Ohio, USA, has announced 
a collaboration with the Japanese 
Institute of Metals and Materials 
(JIM) in order to encourage the 
international exchange of knowledge 
and ideas regarding the materials 
science community. This initiative 
also provides opportunities for each 
organisation to expand both their 
respective networks and resources.

JIM is an academic society that 
promotes the advancement of theory, 
science, and industrial processes 
as it relates to metals and other 
materials. ASM International is said 
to be the world’s largest association 
of materials-centric engineers and 
scientists dedicated to informing, 
educating, and connecting the 

ASM International and Japanese 
Institute of Metals and Materials 
collaborate to benefit the materials 
science community

materials community to solve 
problems and stimulate innovation 
around the world. As part of this 
collaboration between the two 
organisations, JIM membership will 
be provided with various benefits of 
ASM membership.

Student initiatives are said to be 
a cornerstone of this collaboration, 
encouraging both ASM and JIM 
students and young researchers in 
attending each society’s respective 
annual events which include ASM’s 
International Materials Applications 
and Technologies (IMAT) Fall Meeting 
and the JIM Annual Spring Meeting. 
Mutually beneficial to both organisa-
tions, this allows for students to 
attend materials science conferences 
and engage in the exchange of both 

technical and cultural information.
JIM is the first partner to join ASM 

International in this collaboration to 
expand value within the materials 
community at large.

“We are looking forward to 
providing materials information 
globally and are proud to have JIM 
as our partner in this collaboration,” 
stated Ryan Milosh, Chief Sales and 
Marketing Officer, ASM International.

https://jim.or.jp/
www.asminternational.org  
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A significant number of studies 
have already been carried out on 
the challenges of manufacturing 
components made of titanium and its 
alloys using Metal Injection Moulding. 
One of the most significant challenges 
is replacing high-cost, low-oxygen 
spherical Ti powder; efforts are being 
made to use a cheaper powder, such 
as irregular shaped hydride-dehydride 
(HDH) Ti powder, as an adequate 
replacement. Another challenge is the 
cost of processing using conventional 
high pressure injection moulding 
equipment, though relatively little 
has been published on the potential 
of lowering production costs for 
Ti components via the use of Low 
Pressure Powder Injection Moulding 
(L-PIM). L-PIM is characterised by the 
markedly lower moulding equipment 

Titanium components produced by 
low-pressure PIM using hydride-
dehydride Ti powder

and tooling costs required to achieve 
high-quality components; this method 
also boasts the additional benefits 
of reduced energy consumption and 
fewer maintenance requirements.

Researchers at the Department 
of Materials Engineering, Science 
and Research Branch, Islamic Azad 
University, Tehran, Iran, have under-
taken a study to better understand 
how feedstocks using lower cost HDH 
Ti powders could be processed by 
L-PIM. Masoud Shahidi Moghadam, 
Abdolali Fayyaz (corresponding 
author), and Mohammad Ardestani 
recently published their results online 
in the journal Powder Technology, Vol. 
377, 2021, pp 70–79.

The authors stated that one of the 
main problems using HDH titanium 
powder in MIM is its irregular particle 

shape and relatively high oxygen 
content. The specific surface area 
of the HDH Ti powder used in the 
study was measured at 0.258 m2/g 
and particle size distributions of D10, 
D50 and D90 were established as 14 
µm, 29 µm and 54 µm, respectively. 
Table 1 shows the chemical 
composition of the HDH Ti powder 
used in this study. 

The Ti powder particles are 
mostly irregular in shape, which 
requires more binder content for the 
preparation of an adequately-viscous 
feedstock for the L-PIM process. On 
the other hand, it was stated that 
irregular particle shape resulted 
in better dimensional precision 
compared with the spherical 
particles of the same mean size in 
the green and debound parts, due to 
the irregular particles interlocking 
with one another.

The HDH Ti powder was mixed 
with a binder comprising 69 
wt.% paraffin wax (PW), 27 wt.% 
low density polyethylene (LDPE) 
and 4 wt.% stearic acid (SA) at a 
temperature of 145°C for 90 min. 
to produce three L-PIM feedstocks 
with powder loadings of 65%, 
60% and 53 vol.%. The variation in 
viscosity of the three feedstocks was 
evaluated based on the shear rate 
at moulding temperature of 165°C, 
with the results shown in Fig. 1. All 
the feedstocks with different powder 
loadings show pseudo-plastic 
behaviour that is desirable in the 
MIM process. However, as can be 
seen in Fig. 1, when the powder 
loading is increased, the sensitivity 
of feedstock mixtures viscosity to 
shear rate also increases. As the 
feedstock viscosity for L-PIM must 
be between 10 Pa·s and 40 Pa·s, 
the viscosities of the powder-binder 
mixture with 65 vol.% and 60 vol.% 
powder loadings were found to be 
too high and, thus, not suitable for 
L-PIM production. In contrast, the 
viscosity of feedstock with a powder 
loading of 53 vol.% exhibited an 
acceptable range for L-PIM and 
low sensitivity to shear rate and 
was found to shows good flow 
properties during the injection 
moulding step.

Element Ti Fe C O N H

wt.% 99.5 0.1 0.01 0.26 0.07 0.06

Fig. 1 Variation in viscosity with shear rate at different HDH Ti powder loadings. 
(From paper: ‘Fabrication of titanium components by low-pressure powder 
injection moulding using hydride-dehydride titanium powder’ by Masoud 
Shahidi Moghadam, Abdolali Fayyaz, and Mohammad Ardestani, Powder 
Technology, Vol. 377, 2021, pp 70-79) 

Table 1 Chemical composition of HDH titanium powder. (From paper: ‘Fabrica-
tion of titanium components by low-pressure powder injection moulding 
using hydride-dehydride titanium powder’ by Masoud Shahidi Moghadam, 
Abdolali Fayyaz, and Mohammad Ardestani, Powder Technology, Vol. 377, 2021, 
pp 70–79)
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Rectangular cubes (38.5 mm × 
12 mm × 1.5 mm) were produced 
using a low pressure injection 
moulding machine operating at 
a pressure of 10 bar, fixed mould 
temperature of 60°C and injection 
time of 8 sec. Feedstock tempera-
ture was varied from 150°C to 165°C. 
Green parts were produced by 
several test injection mouldings until 
the optimal parameters of feedstock 
temperature were established and 
defect-free green parts were finally 
obtained. The effect of temperature 
on moulding green HDH Ti powder 
parts is shown in Fig. 2. Fig. 2(a) 
shows incomplete filling of the 
feedstock with 60 vol.% powder 
loading whilst Fig. 2(e) shows that 
the optimum injection temperature 
of 165°C and 53 vol.% powder 
loading prevented short shot defects.

The authors reported that the 
soluble binders (PW and SA) were 
removed by immersing the green 
parts in n-Heptane using three 

different extraction temperatures 
(45°C, 60°C and 75°C) with 6.5 h 
immersion time. 60°C was found 
to be the optimum temperature for 
PW and SA binder removal. After 
solvent debinding, remaining binder 
was removed by thermal debinding 
using a tube furnace in an argon 
atmosphere with a heating rate of 
3°C/min from room temperature 
in two steps - 350°C and 550°C. 
Sintering of the brown Ti parts was 
also done under argon, using a 
heating rate of 6°C/min from 550°C 
to 1350°C with dwell time at 1350°C 
of 2 h.

A sintered density value of 
4.11 g/ cm3 was established for 
the L-PIM components using a 
feedstock with 53 vol.% loading of 
HDH Ti powder, which the authors 
compared to a published value of 
4.2 g/cm3 for sintered Ti MIM using 
pure spherical Ti powder with a 
powder loading in the feedstock 
of 67 vol.%. The hardness values 

Fig. 2 Injection moulded Ti test parts with: (a) 60 vol.% powder loading at feedstock temperature of 165°C, (b) 53 vol.% 
powder loading at feedstock temperature of 150°C, (c) 53 vol.% powder loading at feedstock temperature of 155°C, (d) 
53 vol.% powder loading at feedstock temperature of 160°C, and (e) 53 vol.% powder loading at feedstock temperature 
of 165°C. (From paper: ‘Fabrication of titanium components by low-pressure powder injection moulding using hydride-
dehydride titanium powder’ by by Masoud Shahidi Moghadam, Abdolali Fayyaz, and Mohammad Ardestani, Powder 
Technology, Vol. 377, 2021, 70-79)

were 490 HV and 335 HV, for the 
HDH Ti and pure spherical Ti 
powders respectively. The authors 
attributed the high hardness values 
of L-PIM HDH components in this 
study to the low powder loading 
and the interstitial elements – C, 
O, and N – which are reported to 
increase in the sintered HDH Ti 
components compared to the initial 
composition of the HDH Ti powder 
being absorbed by Ti during L-PIM 
processing.

The authors concluded that this 
research showed that lower-cost 
titanium MIM components could 
be successfully produced via L-PIM 
using HDH titanium powder using 
the binder system based on PW, 
LDPE and SA. However, more 
research and development of all 
stages of L-PIM production of HDH 
Ti powder are still required.

www.journals.elsevier.com/
powder-technology  
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The rapid evolution of electronic 
devices in recent decades, particu-
larly in the area of smart devices 
such as laptops, tablets and phones, 
has resulted in the growing need 
for improved performance of the 
central processing units (CPU) used. 
However, achieving optimal perfor-
mance of such CPUs poses serious 
thermal management challenges in 
removing the heat generated during 
operation of the CPU by using heat 
spreaders or heat sinks. To increase 
the amount of heat transfer, the 
heat sinks must have a high surface 
area, which is provided through the 
fins. Heat sinks are normally made 
from aluminium or copper, with 
copper having the significantly better 
thermal conductivity of the two. 
However, both metals also have high 
coefficients of thermal expansion 
(CTE), which can lead to warping and 
cracking. Using a nanocomposite 
with high thermal conductivity and a 
low coefficient of thermal expansion 
can help solve this problem and 
thereby increase the efficiency of 
heat transfer of heat sinks.

The manufacture 
of PIM 
nanocomposite 
components 
for thermal 
management 
systems

Many heat sinks are produced by 
extrusion or machining. Extrusion, 
despite its advantages of highly-auto-
mated and/or low-cost production, 
has limitations on the geometries 
that are required in modern heat 
sinks. Powder Injection Moulding is 
another proven and well-accepted 
process for manufacturing thermal 
management products and, as a net 
or near-net shape process, is a very 
adaptable and scalable technique that 
allows the manufacturing of unique 
geometrical features that are difficult 
to produce with other technologies. 
This makes the PIM process an 
attractive manufacturing technique 
in the competitive electronics market 
where time-to-market, quality, 
performance and cost are important 
issues.

The manufacture of complex-
shaped thermal management 
components - such as heat sinks 
from Cu-, Al- and, to a lesser 
extent, Mg-based nanocomposite 
materials – using the PIM route has 
been extensively researched and 
reported on over the past two decades 
and a comprehensive review of the 
literature has been done by Maryam 
Hosseinpour and Hassan Abdoos both 
at the Department of Nanotechnology, 
Semnan University, Iran. The review 
was recently published in the Journal 
of Manufacturing Science and 
Engineering (Vol. 143, April 2021, 
13pp, 101 refs). The authors cover the 
effect and benefits of using nano-
particles mixed with micron-sized 
metal powders in the preparation 
of a bimodal PIM feedstock, the 
moulding of the bimodal feedstock, 
debinding, sintering, and properties. 
Table 1 summarises the types of 
nanocomposites produced by the PIM 
process, which can be used for the 
manufacture of heat sinks.

The authors first looked at the 
effect of adding nanoparticles on the 
mixing of the PIM feedstock. They 
reported that the most important 
challenges in the mixing step are 
nanoparticle oxidation, agglomera-
tion, decreasing powder loading, and 
increasing viscosity. The oxidation 
reaction of nanoparticles, which 
occurs due to the high surface area of 
nanosized particles, is an important 

Table 1 Nanocomposites produced by the PIM process and suitable for heat 
sinks applications. (From paper: ‘Manufacturing of Nanocomposites via 
Powder Injection Molding: Focusing on Thermal Management Systems— A 
Review’ by M Hosseinpour and H Abdoos, Journal of Manufacturing Science & 
Engineering, Vol. 143, April 2021. 13pp)

Fig.1 Examples of heat sink geometries possible with metal injection moulding. 
(From paper: ‘Manufacturing of Nanocomposites via Powder Injection Molding: 
Focusing on Thermal Management Systems— A Review’ by M Hosseinpour 
and H Abdoos. Journal of Manufacturing Science & Engineering, Vol. 143, April 
2021. 13pp)
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issue in the PIM process. The mixing step is normally done 
at temperatures higher than 100°C, which can lead to the 
burning of nanoparticles; as such, the nanoparticles must 
always be introduced to the mix at temperatures below 
100°C. Research has shown that, by using a binder with 
a melting point lower than 100°C, such as ethylene-vinyl 
alcohol, this problem can be overcome.

Agglomeration is said to be the most critical problem 
during mixing; highly agglomerated powders can lead to 
defects, such as voids. Research has shown agglomeration 
can be overcome by, for example, preheating the powder 
to 500°C to remove the hydroxyl group from the surface 
of powders. The milling of powders before mixing with 
binders is another method to overcome agglomerations.

In the PIM process, relatively high powder loadings 
are usually required for shape retention and using 
nanopowders is said to reduce the volumetric ratio of 
powder to powder and binder. The effect of nanoparticles 
on the constant torque values of feedstocks containing 
54 vol.% and 60 vol.% powder loadings has been 
reported in the literature. It has also been reported that 
an increase in the volume fraction of the nanoparticle 
reinforcements increases the steady-state torque of 
feedstocks by increasing frictional forces. Bimodal and 

trimodal mixtures of nanoscale and sub-micrometre 
particles are suggested to solve these problems and 
significantly increase the solid loadings in the feedstock 
for injection moulding. The effect of different particles 
with micrometre and nanometre size on the rheological 
behaviour of powder–polymer mixture and the PIM 
process was also reported. Bimodal feedstock has been 
found to have higher densification than the monomodal 
micro feedstock. Feedstock, which contained 25 vol.% 
nanopowders, was shown to have the best densification 
behaviour. 

The authors reported that the effect of adding 
nanosize powder to the PIM feedstock on the injection 
moulding step is not well covered in the literature. The 
use of pressure and µ-injection moulding methods are 
said to be the main challenge. For small types of moulds 
and prototyping, low-pressure PIM (L-PIM) can be used 
where the pressure is limited between 0.1 and 1 MPa 
and, instead of a high-viscosity polymeric binder, a 
low-viscosity paraffin or wax can be used.

The presence of nanoparticles in the green parts 
is also important during the debinding step because 
green parts containing two different powder sizes 
will have different debinding rates. The authors cited 
reported studies on the effect of nanoparticles on the 
stages of debinding, which showed that the rates of 
solvent debinding were somewhat lower than those 
containing only micrometre-sized particles at the same 
temperature.

The presence of high surface energy nanoparticles 
in the composite PIM material has also been reported 
to be very effective in increasing the sintering rate and 
reducing the sintering temperature. In general, the 
presence of nanoparticles accelerates the sintering 
process and inhibits grain growth during the sintering 
step, which is said to lead to finer microstructures 
and improved dimensional tolerance control. Also, 
the sintered body containing nanopowder has a finer 
surface roughness than the mono micrometre powder 
sintered body because nanopowder shows more 
isotropic sintering behaviour. Low packing density 
and solids loading of nanopowders alone can lead to a 
high shrinkage rate, with shape distortion and difficult 
dimensional control. However, the use of nano/micro 
bimodal powders can solve this problem.

The authors also presented a comprehensive litera-
ture review of two of the main composite materials used 
as heat sinks in the electronics sector - Cu-based and 
Al-based nanocomposites, with cost and performance 
of the respective composites playing an important 
role. Copper is said to be easier to fabricate and has 
higher thermal conductivity than aluminium. Adding 
a small amount of carbon-based compounds such as 
CNTs, to the metals can further improve their thermal 
conductivity, and the authors stated that the first such 
composites were reported to be made by PIM in 2012. 
The Cu/CNTs nanocomposite produced by this method 
with 10 vol.% CNTs showed 76% enhancement in 
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Low-pressure Powder Injection 
Moulding (L-PIM) is a cost-effective 
technology for producing intricate 
small metal parts at high, medium 
and low production volumes in appli-
cations which, to date, have mainly 
involved using ceramics or spherical 
metal powders. However, lower-cost, 
irregular-shaped iron powders 
produced by water atomisation could 
further reduce overall production 
costs using L-PIM. Researchers at 
École de technologie supérieure, 
Montreal, Canada, in cooperation 
with Rio Tinto Metal Powders, 
based in Sorel-Tracy, Quebec, 
have investigated the potential of 
using such iron powders for the 
production of intricate parts, either 
in low- or high-production volumes. 
The results of their research to date 
have been published in a paper by 
Atefeh A Tafti, et al, entitled ‘Effect 
of thermal debinding conditions on 
the sintered density of Low-Pressure 
powder injection moulded iron parts’, 
published in the journal Metals (2021, 
11, 264). 

The authors reported that a key 
goal of their research was to develop 
a suitable irregular iron powder/
binder feedstock for L-PIM and to 
demonstrate the capability to debind 
this feedstock using a thermal wick 
debinding process. They also investi-
gated the effect of the pre-sintering 
temperature on the density and pore 
structure of sintered iron parts. 
Thermogravimetric analysis (TGA) 
was used to assess binder constituent 
effects and debinding atmosphere on 
the binder degradation behaviour.

The feedstock developed by the 
authors used a water atomised iron 
powder, which, after atomisation, 
was high-energy milled and screened 
down, using a 325 mesh (-45 µm), to 
achieve a particle size distribution 
characterised by a D10, D50 and D90 
of about 1.8, 16.6 and 44.1 µm. The 
irregular-shaped iron powder was 
blended with a multi-component 

Study of debinding conditions for low 
pressure powder injection moulded 
sintered iron parts

binder system, containing 42 vol.% of 
paraffin wax (PW) used as the main 
carrier, 2 vol.% of stearic acid (SA) 
promoting the surfactant effect and 
1 vol.% of ethylene-vinyl acetate (EVA) 
used as a thickening agent to avoid 
the segregation phenomenon. The 
feedstock’s low viscosity (< 3 Pa.s at 

10 s-1) and low melting point (~58°C) 
confirm that a powder-binder mixture 
formulated from irregular iron 
powder at a solid loading of 55 vol.% 
is suitable for the L-PIM process. The 
feedstock’s viscosity was measured 
at 70°C using a rotational rheometer. 
The 55 vol.% solid loading used in 
this study represents a typical value 
for irregular powders used in L-PIM 
that have mainly been reported for 
ceramic-based feedstocks.

Injection moulding was performed 
using a L-PIM laboratory injection 

thermal conductivity (581 W/m.K), 
compared with non-reinforced pure 
sintered Cu. Also, Young’s modulus 
of this nanocomposite, sintered 
at 1050°C for 2 h, increased by 
48% compared to the unreinforced 
sample. The authors stated that 
the use of graphene, with its high 
thermal conductivity and low 
thermal resistance, has also been 
the subject of research in recent 
years to reinforce metal-based 
nanocomposites used as heat sinks.

Aluminium alloys such as A6061 
and A6063 are typically extruded 
and machined to produce heat sinks 
and are often preferred due to their 
low weight and cost. The thermal 
properties of pure Al are lower than 
copper, at around 180 W/m-K, and 
Al alloys A6061 and A6063 have a 
thermal conductivity of ∽167 W/m-K. 
Al and Al alloys have a relatively 
large coefficient of linear expansion.

The authors reported on the 
recent research done on the addition 
of various types of reinforcements 

such as CNTs, alumina and SiC to 
the aluminium matrix and it has 
been shown that nanoscale additives 
improve the density and properties 
of Al composites for thermal 
management in microelectronics 
applications. For example, in PIM, 
the mould cavity will fill with a 
hydrodynamic and uniform pressure, 
and the increased hardness of a 
nanosized additive (e.g., alumina) 
does not limit the densification of the 
injection moulded composite. This 
is said to be due to the nanosized 
additives filling the gaps between 
the larger particles and increasing 
the packing and relative density of 
composite powder. 

A number of researchers found 
that the addition of SiC particles 
leads to increased wear resistance 
and elastic modulus along with 
the improvement of the thermal 
expansion coefficient of the Al 
nanocomposites. Also, feedstocks 
containing 95% aluminium and 5% 
SiC were found to have the most 

suitable powder loading for the manu-
facturing of Al/SiC nanocomposites 
by PIM. Another reinforcement 
material that is extensively used, 
because of its outstanding features, 
is carbon nanotubes (CNTs) and 
the researchers highlighted recent 
research undertaken with Al-Sn-CNT 
nanocomposites. 

Finally, magnesium, known as the 
lightest engineering metal, can be 
used in electronic packaging and 
heat sinks. However, Mg has some 
limitations, such as low ductility 
and elastic modulus, poor abrasion 
resistance and creep and high 
corrosion rate. These limitations 
can be eliminated by using nano 
reinforcements in magnesium-based 
nanocomposites.. The effect of adding 
micro- and nano Al2O3 particles to Mg 
powder to produce feedstock for PIM 
processing has also been reported by 
some researchers.
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machine specially designed to 
avoid the segregation that may 
occur when using a low viscosity 
feedstock. During the injections into 
the rectangular mould, a constant 
volumetric flow was maintained at 
2.2 cm3/s, producing a maximum 
injection pressure of about 0.5 MPa 
with mould temperature maintained 

at 45°C. The injected parts were then 
embedded into an inert alpha-phase 
99.9% alumina powder bed supported 
by a stainless-steel boat. This boat 
was hermetically sealed within a 
metallic retort before the air was 
flushed with argon gas. The retort 
was placed in a programmable 
debinding furnace and heated up to 

different pre-sintering temperatures 
under an inert atmosphere of argon, 
using a flow rate of 25 L/min. Three 
debinding cycles, using two distinct 
stages (debinding and pre-sintering), 
were used to investigate the effect 
of pre-sintering temperature on the 
final sintered densities.

Thermogravimetric analysis 
(TGA), using a simultaneous thermal 
analyser, provided the decomposition 
temperatures of the binders. This 
allowed the design of the debinding 
cycles using wick debinding to 
produce the green parts. The TGA 
curves shown in Fig. 1(a) confirm the 
decomposition of individual binders 
SA, PW and EVA, starting at 150°, 
160° and 280°C and ending at 380°, 
470° and 480°C, respectively, and 
that these three binder constituents 
are completely decomposed at 
480°C. 

The TGA values were also used to 
define pre-sintering temperatures, as 
can be seen in Fig. 1 (b), to produce 
the brown parts. Three pre-sintering 
temperatures with a dwell time of 
two hours at 600°, 700° and 850°C 
were used to study their impact on 
the final sintered density, pore size 
and microstructure. The authors 
reported that preliminary debinding 
tests confirmed that a pre-sintering 
temperature below 600°C produced 

Fig. 1 (a) TGA profiles of binder constituents (SA: stearic acid; PW: paraffin wax; EVA: ethylene vinyl acetate) and 
feedstock, and (b) thermal wick debinding cycles performed at different pre-sintering temperatures varying from 600° to 
850°C under argon atmosphere. (From paper: ‘Effect of thermal debinding conditions on the sintered density of Low-
Pressure powder injection moulded iron parts’ by A A Tafti, et al, Metals, 2021, Vol. 11, February 4, 2021, 13 pp)
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Fig. 2(a) Dimensional comparison of injected, debound and pre-sintered at 
600°C, and sintered specimens, (b) sintered densities of specimens debound 
using different pre-sintering temperatures. (From paper: ‘Effect of thermal 
debinding conditions on the sintered density of Low-Pressure powder 
injection moulded iron parts’ by A A Tafti, et al, Metals, 2021, Vol. 11, February 
4, 2021, 13 pp)

a bonding too weak to be handled 
- i.e., the brown parts were still in a 
near-loose powder state. Increasing 
the pre-sintering temperature above 
850°C induced well-developed neck 
bonding, similar to a fully sintered 
structure, but exhibited distortions 
probably due to the constrained 
state inherent in samples embedded 
into the alumina powder bed. 
Following the pre-sintering plateau, 
the specimens were slowly cooled 
down, at approximately 1.6°C/min, 
maintaining an argon protective 
atmosphere until room temperature 
was reached (segment #4 in Fig. 
1b). The heating and cooling rates 
were kept low to create a gradual 
binder wicking and minimise the 
temperature gradients through the 
green parts, which could cause 
distortions, cracking, blistering, or 
other undesirable defects.

 Following debinding and 
pre-sintering, the authors found that 

all of the debound parts exhibited 
many open pore channels, regardless 
of the pre-sintering temperature 
used during the debinding cycle. 
An increase in the pre-sintering 
temperature from 600° to 850°C 
appears to decrease fine loose 
powders, which seem to bond on 
coarse particles. Since these fine 
particles play an important role in 
the activation of sintering, using high 
pre-sintering temperatures may 
negatively affect the sintering driving 
force and, therefore, the final part 
density. 

The authors also observed that 
the debinding stage produces no 
significant shrinkage, as compared 
to the injection moulded part, 
since debinding produced no real 
bonding (Fig. 2 (a). After sintering at 
1250°C in a hydrogen atmosphere 
for 90 min, a linear shrinkage of 
about 12% was measured. The 
sintered densities of the specimens 

debound at different pre-sintering 
temperatures are presented in 
Fig. 2b. The highest final sintered 
density, 6.1 g/cm3, or about 80% of 
the theoretical value, was achieved for 
parts debound-pre-sintered at 600°C. 
As the pre-sintering temperature 
increases from 600° to 850°C, the 
sintered density decreases from 6.2 
to 5.1 g/cm3, which is in line with the 
metallographic analysis that showed 
that the occurrence and size of 
interconnected pores increase as the 
pre-sintering temperature increases. 
Metallographic examination also 
showed that the L-PIM sintered iron 
microstructures possessed a bimodal 
grain size distribution consisting of 
small grains with an average grain 
size of ~6 µm. Specimens debound 
at 850°C showed the highest degree 
of interconnected pores along with 
several inter-particle joints.
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Binder Jetting (BJT) is not a new 
technology – this is no secret to 
anyone remotely familiar with Ad-
ditive Manufacturing. Developed in 
1993 at MIT, the technology has had 
time to mature, but still has not been 
widely adopted for mass production. 
Why is that? Great equipment and 
MIM-grade powder are readily avail-
able, and engineers and procurement 
professionals are tired of paying for 
tooling. The lack of adoption should 
be an easy problem to solve, but, for 
many years, no answer was forth-
coming. 

In early 2020, four individuals 
with backgrounds in Metal Injection 
Moulding, Additive Manufacturing, 
engineering software, and industrial 
automation saw an opportunity to 
solve this equation – thus, FreeFORM 
Technologies was born. Nate Hig-
gins, president of FreeFORM, was 
previously a MIM process engineer, 
progressing to plant manager at a 
leading US MIM operation. Chris 
Aiello, VP of Business Develop-
ment, has worked in technical sales 
and business development at two 
of North America’s leading MIM 

producers. Andy Reasinger, VP of En-
gineering, is an expert in automated 
manufacturing with expertise in cus-
tom automated solutions, whilst the 
fourth co-founder, Eric Wonderling, 
VP of Quality & Applications brings 
expertise in quality and engineering 
services, with a focus on development 

tools for mechanical and electrical 
design, simulation, and manufactur-
ing.

From the start, it was clear to us 
that there was an overwhelming de-
mand for a dedicated service bureau 
to offer metal Binder Jetting technol-
ogy. Taking a decade’s worth of ex-

The synergies between Metal Injection Moulding and metal Binder 
Jetting are well known. Leveraging these synergies with the intention 
of accelerating binder jet application development is FreeFORM 
Technologies, whose team includes several experienced former 
MIM industry professionals. Here, FreeFORM’s Nate Higgins, Chris 
Aiello, Eric Wonderling and Meghan Kephart explore what has held 
Binder Jetting back until now, and how they intend to overcome these 
barriers.

FreeFORM Technologies: 
Leveraging MIM expertise to drive 
application development in metal 
Binder Jetting

FreeFORM Technologies

Fig. 1 An ExOne Innovent+ metal Binder Jetting machine at FreeFORM 
Technologies
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perience across several domains and 
intertwining them was the perfect 
recipe to deliver the answer. The end 
goal of FreeFORM is to raise the tide 
of metal Binder Jetting and show a 
successful path to the mass adoption 
of this technology across different 

industries. In order to accomplish 
this, the company has set out to 
validate new materials and develop 
data around them that conforms to 
standards that industries are used 
to, such as MPIF Standard 35, and 

install capacity from some of the 
leading equipment manufacturers 
to fulfil customer orders from one to 
many thousands of parts per month. 

FreeFORM was started as a green 
field Additive Manufacturing opera-
tion focused on metal BJT. With an 

engineering focus to offer the value-
added service of contract engineering 
for part design – known in relation 
to AM as Design for Additive Manu-
facturing (DfAM), plus prototyping 
services, and various other engineer-

ing focused projects, we partner with 
our customers from each of their 
product’s inceptions. As technology 
continues to advance, with compo-
nent and assembly designs following 
suit, there is an increasing need for a 
technology that can support this de-
velopment and provided components 
with both improved dimensional 
capabilities and enhanced material 
properties. 

We have run into a lot of custom-
ers and prospects throughout our 
careers, in Metal Injection Moulding 
in particular, that had a problem 
that needed to be solved, but there 
was always some sort of restraint 
– tooling costs, design limitations, 
tolerance stack-ups from multiple 
pieces being assembled. Something 
was always holding them back. A lot 
of that is gone with metal binder jet. 
There’s now a solution where you 
can make the part you desire for your 
application. 

We also recognise a growing de-
mand for parts producers to become 
an extension of companies’ internal 

engineering structures, which is why 
we are structured to offer engineer-
ing and Additive Manufacturing ser-
vices. BJT’s capabilities apply broadly 
across many applications where 
customers may not want to invest 
in tooling, due to designs not being 
frozen, limited product lifecycles, 
limited annual volumes, or limited 
capital budgets. 

The best applications for metal 
binder jet do not deviate far from the 
applications that MIM or investment 
casting users are more familiar with 
purchasing. As products become 
more highly engineered, compact, 
and energy efficient, however, the 
components that make up these 
products are necessarily becoming 
more complex. This increased com-
plexity also comes with an expecta-
tion of improved performance, while 
maintaining current pricing. 

It is these market demands that 
make it possible for metal binder 
jet to become a technology that 
can compete with MIM, casting and 
compaction in terms of throughput 
and cost, while, at the same time, 
eliminating the need to invest in tool-
ing. There is a very real opportunity 
for metal BJT to disrupt and compete 
with these other technologies soon, 
but, at present, they all complement 
each other very well. 

In our eyes, metal Binder Jetting 
is an ideal technology, as it enhances 
design freedom even further over 
traditional metal forming technolo-
gies, continues to offer a cost-ef-
fective means of manufacturing 
complex geometries, and leverages 
a very similar process flow to MIM, 
which allows MIM industry expertise 
such as that at FreeFORM to lever-
age knowledge in high-temperature 
sintering and part design/assembly 
consolidation for clear advantages in 
terms of speed to market and final 
component success.

Filling the Binder Jetting 
supply chain gap

Supply chain disruptions are not a 
new phenomenon. Material scarcity, 
trade disputes, global pandemics, 

and ships lodged in the Suez Canal 
are all recent disruptions to the 
supply chain that anyone reading 
this article will be familiar with. Dual 
sourcing and redundant suppliers 
have mitigated some of these risks, 
but not all. A simple search for pow-
der metal, Metal Injection Moulding, 

investment casting or CNC suppli-
ers will yield thousands of results 
– but does another supplier of the 
same technology eliminate your 
total risk? 

A dual source most definitely 
mitigates risk, but it doubles up-
front costs for tooling and start-up. 

Fig. 3 An end of arm tooling application that was used to hold Schunk grippers 
on the end of a 6-axis Fanuc robot for the sorting and inspection of high-
volume automotive parts. The part is 17-4PH, around 12 cm in length, and 
weighs ~100 g

Fig. 2 A Desktop Metal Production System P-1 open platform Binder Jetting machine, specifically designed to bridge the 
gap between research and mass production, is core to FreeFORM's material development activities

“The end goal of FreeFORM is to raise the 
tide of metal Binder Jetting and show a 
successful path to the mass adoption of 

this technology across different industries. 
In order to accomplish this, the company 
has set out to validate new materials and 

develop data around them...”

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/
https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/


June 2021    PIM InternationalPIM International     June 2021 7170 © 2021 Inovar Communications Ltd   Vol. 15 No. 2 Vol. 15 No. 2  © 2021 Inovar Communications Ltd

| contents | news | advertisers | events | website | e-newsletter || contents | news | advertisers | events | website | e-newsletter |

The ability to find another supplier of 
the same technology surely provides 
some comfort, but, then, what are 
restart and transfer costs? What 
about the risk of downtime during 
transfer? These are all questions the 
team at FreeFORM considered care-
fully before launching the company. 

According to the AMPOWER 
Report database, there are only 
twenty-five vendors globally that 
offer metal binder jet part manu-
facturing services, and some of the 
reported vendors are equipment 
resellers and powder suppliers. Of 
those twenty-five vendors, fifteen 
are in the USA. 

Also, based on our research, as 
of 2020, the global installation of all 
metal binder jet machines is around 
275 systems. Roughly 30% of those 
machines are installed at labs and 
universities, and less than twenty 
machines are installed at independ-
ent part manufacturing suppliers. 

This is an astounding number 
to a company located in St Marys, 
Pennsylvania, the powder metal 
parts capital of the world, where, 
for comparison, there are multiple 
conventional press & sinter Powder 
Metallurgy companies which oper-
ate at least twenty presses each. 
After extensive market research and 
careful examination of the technol-
ogy, it was clear to us that metal 
binder jet would likely be the tech-
nology to take Additive Manufactur-
ing to high-volume production. In 
order to do so, companies like ours 
need to exist to push manufacturing 
services, material validation, and the 
technology's reputation. 

The second gap – material 
availability

Metal binder jet uses convention-
ally atomised MIM-grade powders. 
There has been a strong focus on 
the bread-and-butter MIM materials 
such as 17-4 PH and 316L stainless 
steels, and rightfully so. However, in 
discussions with one of the premier 
MIM feedstock vendors in the US, 
316L does not even appear in their 
top five materials sold. 

The realisation, therefore, came 
early to our team that material avail-
ability for end-users would be the 
game changer. While the materials 
currently available and validated 
by the equipment manufacturer 
are acceptable for most applica-
tions, some companies do not want 
to deviate from what they know. In 
addition, if metal binder jet is going 
to disrupt (or complement) Metal 
Injection Moulding, the industry 
must develop the same materials 
for customers to perform side by 
side comparisons or testing against 
legacy data. 

Due to our team’s MIM back-
ground, an early goal for FreeFORM 
was to achieve the internal validation 
of more materials through a robust 
development process that MIM 
users really want to see. Built from 
the ground up as a service bureau of 
engineers for engineers, our team 
understands what customers want 
to see from a development process. 

With industry experience across 
multiple segments, we recognised 

FreeFORM Technologies FreeFORM Technologies

the need for third-party validation 
of these material efforts and for a 
certifying body, like the MPIF, to 
release a standard. With all of this 
in mind, the company has launched 
an internal process to develop and 

validate fifteen materials desired by 
its customers and prospects. This 
effort will focus on the remaining 
‘top-runners’ for Metal Injection 
Moulding, as well as on speciality 
materials. 

In addition to validating new 
materials from virgin powder, we are 
taking a calculated approach to the 
reuse and reintroduction of recycled 
powder. BJT is a green technology in 
every sense, and we want to continue 

working towards a completely circu-
lar economy for Additive Manufactur-
ing. However, we need to make sure 
we do that in a controlled manner 
that does not affect the end use of our 
products. 

“In addition to validating new materials 
from virgin powder, we are taking a 

calculated approach to the reuse and 
reintroduction of recycled powder. BJT is 
a green technology in every sense, and 
we want to continue working towards a 

completely circular economy for Additive 
Manufacturing.”

Fig. 4 Lever component for a consumer application in 17-4 PH stainless steel. 
Roughly 1.2 x 1.2 cm and weighs less than 2 g

Fig. 5 Multiple 316L components for a medical device. All components 
are smaller than 1.2 x 1.2 cm and weigh less than 2 g, with the smallest 
component weighing 0.8 g

Fig. 6 A range of metal BJT parts nested in the build box, shown during a manual depowdering operation 

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/
https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/


PIM International     June 202172 © 2021 Inovar Communications Ltd   Vol. 15 No. 2

| contents | news | advertisers | events | website | e-newsletter |FreeFORM Technologies

The final gap – bringing it 
all together

Great Binder Jetting machines are 
available. Known MIM-grade powders 
are available. Sintering furnace com-
panies have implemented changes 
to equipment for the technology. The 
buzz around Binder Jetting is at an 
all-time high. So why does it feel like 
we are still so far behind? 

It is very clear that we are at a 
critical turning point for metal AM 
technologies, and all signs are point-

ing towards the primetime – Additive 
2.0, as Desktop Metal calls it. The 
final hurdle, in our opinion, is for 
someone to bring it all together. 

Right now, there are very few 
companies that can tick all the boxes 
and accomplish this and scale to-
wards production. From our perspec-
tive, it takes experience with high-
volume, high-temperature sintering, 
in combination with expertise in 
Additive Manufacturing and a location 
in an industrial area with a skilled 

workforce and competent secondary 
suppliers offers the perfect storm 
to draw together and push metal 
Binder Jetting to the masses. 

The sintering aspect of metal 
binder jet, or high-temperature 
sintering in general, turns off a lot of 
people. You start looking at million-
dollar pieces of equipment, and then 
infrastructure that requires the use 
of explosive gases – it raises a lot 
of questions for some companies, 
and even some municipalities. Our 
geographic location, our rich history 

with metal powder-based tech-
nologies, and our overall desire to 
advance the technology make for the 
perfect situation.

We are excited and energised 
to join the charge on this effort. 
The continued push by current 
equipment manufacturers, and the 
possibility of other OEMs entering 
the space, is great for the technol-
ogy. There is excitement around the 
technology from which we continue 
to thrive. 

“The sintering aspect of metal binder jet, 
or high-temperature sintering in general, 
turns off a lot of people. You start looking 

at million-dollar pieces of equipment, 
and then infrastructure that requires the 
use of explosive gases – it raises a lot of 

questions for some companies...”

Conclusion

We are facing a new manufacturing 
landscape that needs new visions. 
Every designer has hit a roadblock 
at some point in their career due to 
conventional thinking and conven-
tional manufacturing solutions. With 
the opportunities in front of us, that 
is all gone now. 

While no technology is truly limit-
less, an agile and flexible staff within 
a start-up environment is fuelling the 
growth at FreeFORM. Offering early-
stage services allows companies to 
adopt and design for a new genera-
tion of advanced manufacturing ser-
vices whilst leveraging the expertise 
gained from MIM, such a closely 
related technology. This early inter-
vention will allow for an industry-
leading speed to market and low cost 
of total ownership for our customers, 
breaking down the roadblocks that a 
traditional manufacturing company 
has in order to give greater freedom 
of design to the end-user. 

Contact

Chris Aiello
VP of Business Development
FreeFORM Technologies
+1 814 594 1062
caiello@freeformtech.com
www.freeformtech.com
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Although MIMplus Technologies 
GmbH & Co. KG was only founded 
in 2019, the company already has 
more than twenty-five years of 
experience in the production of MIM 
components. This is down to the fact 
MIMplus is the former MIM business 
unit of the family-owned company 
OBE Holding GmbH (formerly OBE 
Ohnmacht & Baumgärtner GmbH & 
CO. KG), whose speciality is hinges 
and other components for the eye-
wear industry, before it was spun off 
as an independent subsidiary. OBE 
has existed since 1904 and today has 
manufacturing facilities in Germany 
and China that together employ 
around 500 people. The headquarters 
of OBE is in Ispringen, a small town 
not far from Stuttgart, Germany, that 
is also the home of MIMplus Tech-
nologies (Fig. 1). 

OBE was one of the pioneers of 
MIM technology in Germany. In the 
early 1990s, the company recognised 
the potential of the MIM process 
for the production of very small, 
intricately-shaped metal parts for 
eyewear components and set up its 

own MIM production facility. Leverag-
ing the many advantages of the MIM 
process, OBE was able to significant-
ly develop the design of complex and 
innovative eyewear hinges.

Today, MIMplus employs around 
eighty staff and manufactures more 
than 25 million MIM components 
annually. Whilst a proportion of these 

components are still supplied to OBE 
for the production of eyewear frames, 
the company's most important cus-
tomers are in the medical technol-
ogy, consumer goods, automotive, 
electronics and aviation industries.

Peter Georg Specht, Manag-
ing Director of MIMplus, told PIM 
International that the name MIMplus 

MIMplus Technologies has a proven track record in MIM materials, process and 
application development. Now, the company is further increasing its market 
reach and production capability through research-driven material and process 
developments. As Dr Georg Schlieper explains, the first of the company's two 
main areas of current innovation is the production of NdFeB hard magnets, using 
recycled materials, by MIM. The second is in sinter-based Additive Manufacturing, 
where MIMplus is working closely with Germany's Headmade Materials and 
Israel's Tritone Technologies on the commercial development of their very distinct 
production processes.  

MIMplus Technologies:  
How innovation and research is 
driving developments in NdFeB 
magnets and sinter-based AM

MIMplus Technologies

Fig. 1 The production building (left) and administration (right) of MIMplus in 
Ispringen, Germany
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Technologies was chosen to express 
that, while MIM technology contin-
ues to be the basis of production, 
the technical expertise of the com-
pany's engineers and its production 
capabilities go far beyond basic 
Metal Injection Moulding; this will 
become clear in the course of this 

report. "The wide range of possibil-
ities for post-processing, finishing 
and assembling of several compo-
nents into a functional unit, most 
of which are available in-house, 
represent a significant added value 
for the company's products," he 
stated.

The links between OBE and 
MIMplus are still very close, not 
least because of their shared loca-
tion. Where synergies are possible, 
they are taken advantage of – for 
example, in the in-house tool shop 
and in the design and construc-
tion of fully- and semi-automated 
production and assembly machines. 
The surface finishing facilities are 
also available to both companies. 
If the capacities in-house are not 
sufficient, however, or technologies 
are used that are not available at 
MIMplus, suppliers in the surround-
ing region are employed.

The Research & Development 
department at MIMplus has a well-
equipped laboratory for handling 
and feedstock preparation of oxida-
tion-sensitive powders and material 
characterisation. It is involved in 
twelve national and international 
funded research projects in close 
cooperation with universities and 
research institutes. A special focus 
of the research team is on MIM 
products made from neodymium-
iron-boron (NdFeB), hardmetals, 
superalloys and titanium; in addi-
tion, more than twenty customer-
specific materials have been devel-
oped for MIM production, including 
M2 tool steel, Inconel and Stellite. 
The company holds several patents 
and has applied for patent protec-
tion for further developments. For 
several years, titanium parts have 
been manufactured for the aviation 
industry and medical technology.

MIMplus quality and environ-
mental management systems are 
certified to ISO 9001:2015, IATF 
16949, ISO 13485:2016, EMAS and 
ISO 14001. ISO 9001 defines the 
general requirements for a QM 
system; the standard of the Inter-
national Automotive Task Force 
IATF 16949 specifically refers to 
the requirements of the automo-
tive industry, including its suppli-
ers; ISO 13485 is the standard for 
QM systems in the field of medical 
products; and the Eco Management 
and Audit Scheme (EMAS) and the 
ISO 14001 standard regulate the 
requirements for an environmental 
management system.

The full-service strategy

MIMplus aims to not only deliver 
MIM parts to customers, but also 
to offer them complete solutions. 
This includes, if necessary, R&D, 
project management, the procur-
ing of externally purchased parts 
or the involvement of suppliers, the 
mounting of assemblies and, finally, 
quality control, so that the customer 
can obtain everything from a single 
source. Often, using MIM technology, 
several parts of an assembly can be 
consolidated into a single part, re-
sulting in significant cost and weight 
savings and functional improve-
ments. An example of a MIM part 
which replaces an assembly of three 
previously machined components is 
shown in Fig. 2.

In order to implement this full-
service strategy, MIMplus explained 
that it is a major advantage if its 
team can be involved in the develop-
ment of a new product as early as 
possible; only with this early involve-
ment is it possible to select the most 
appropriate design, material and 
manufacturing strategy. In the end, 
it was stated, the final optimisation 
of a part design for production by the 
MIM process should be prepared by 
a MIM manufacturer. Depending on 
the required quantities, factors such 
as the degree of automation in final 
high volume production have to be 
carefully considered. 

MIMplus has a wide variety of pro-
cesses for the post-treatment of MIM 
parts – for example, for the machin-
ing or precision grinding of functional 
surfaces and for the generation of at-
tractive corrosion and wear resistant 
surfaces by barrel finishing, elec-
troplating, Physical Vapour Deposi-
tion (PVD) and Diamond-like Carbon 
(DLC) coating. Joining techniques 
such as adhesive bonding, soldering, 
resistance welding and laser welding 
are also available in-house. 

Alexander Miehling, Key Account 
Manager at MIMplus Technologies, 
shared with PIM International an 
example of a complex product pro-
duced by MIMplus: a MIM assembly 
for TAG Heuer (Fig. 3) which con-
sists of five components, connected 

in a semi-automatic process and 
delivered ‘ready to use’ to the final 
customer. 

Another example of a complex 
project is an assembly for valve 
control of a sports car (Fig. 4). This 
assembly contains four rocking levers 
manufactured by MIM and completed 
in several operations. The second-
ary processing steps are hardening, 
drilling the hole, milling of a groove, 
contour grinding and DLC coating. 
The remaining purchased parts are 
also finish machined and assembled 
at MIMplus, so that the customer only 
has to install the complete assembly 
in the engine. Since the engine has 
six cylinders, six of these valve con-
trol units are required per vehicle.

Materials and production 
technology at MIMplus

Though MIMplus has its own facilities 
for the preparation of MIM feedstock 
in smaller quantities, premixed 
commercial feedstock is used for 
standard materials and large-volume 
production. One example of the 
type of feedstock that is produced 
in-house are extremely oxidation-
sensitive powders, such as titanium 
or NdFeB magnetic powder, which 
are processed into feedstock in a 
glove box.

A total of ten injection moulding 
machines are available for producing 
green parts. Debinding is carried out 
both catalytically and in solvent be-

Fig. 2 This angle plug was originally machined in three separate parts (top), but 
the MIM version consolidates them into one (bottom) 

Fig. 4 The valve control unit of a sports car containing four rocking levers 
manufactured by MIM, shown in assembled and exploded views 

Fig. 3 A TAG Heuer eyewear hinge with five MIM components manufactured and 
assembled by MIMplus
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fore the parts are sintered in com-
mercially-available batch furnaces. 
“MIMplus attaches great importance 
to being able to respond quickly and 
flexibly to customer requests, and our 
in-house R&D and tool making is of 
crucial importance for this purpose,” 
explained Alexander Miehling. “In 
order to be able to present to the 
customer prototypes of a new product 
in the shortest possible time, vari-
ous ways are offered. It is possible to 
mill prototypes in the green state, to 
produce them via sinter-based Addi-
tive Manufacturing, to produce tool 
inserts made of plastics in 3D printing 
or to mill aluminium tool inserts. All 
these technologies allow the produc-
tion of smaller quantities of green 
MIM parts with which further tests 
can be performed. The described 
technologies are also ideally suited 
for small-batch serial production.” 

As has already been mentioned, 
the MIM process at MIMplus is only 
the basis of component production; 
the use of a variety of secondary 
processing steps further enhances 
the quality of the products, depending 
on the application. As part of the MIM 
process, MIMplus also offers green 
part machining and co-sintering. This 
means that if a detail of a MIM part 
cannot be manufactured, or cannot 
be produced economically in a tool, 
it is possible to machine the details 
on the green part. Another option is 
to assemble two MIM green parts 
and create a solid bond between both 
parts during debinding and sintering 
(Fig. 8).

Opportunities for MIM in 
EVs: NdFeB magnets from 
recycled materials

Dr Johannes Maurath, an R&D 
engineer responsible for materials 
innovation at MIMplus, stressed the 
importance of the successful develop-
ment of a process for the production 
of MIM NdFeB permanent magnets, 
from both virgin materials and from 
recycled materials. A first, EU-funded 
research project, REProMag, involv-
ing fourteen European partners 
including OBE, ran from 2015 to 2018. 

In this successful project, a concept 
was developed for the processing of 
end-of-life NdFeB permanent mag-
nets and for the production of NdFeB 
permanent magnets from recycled 
material.

Research on the recycling of rare 
earth materials and the production of 
NdFeB magnets was continued in two 
follow-up projects, MaXycle (2018–
2021) and SUSMAGPRO (2019–2023). 
The aim of MaXycle is the develop-
ment of a labelling process for the 
recycling of assemblies containing 
rare earth magnets. MIMplus uses 
a patent-pending recycling process 
licensed by the University of Birming-
ham and, as part of this project, the 
company developed its recycling and 
manufacturing process for NdFeB 
magnets at the laboratory level.

The SUSMAGPRO project aims to 
scale processes and to install four 
rare earth magnet recycling plants 
in Europe. MIMplus has already put 
a pilot plant for the recycling of mag-
nets into operation at its premises 
in Ispringen; work underway at this 
facility includes the recycling of used 
magnets, powder processing, feed-
stock preparation, and the debinding 
and sintering of MIM NdFeB magnets.

“After more than six years of inten-
sive research, we achieved a decisive 
breakthrough in the MIM production 
of rare earth magnets last year,” said 
Dr Maurath. “On a pilot scale, the 
company developed a stable manu-
facturing process for MIM permanent 
magnets with properties that were 
previously only achieved by pressed 
and sintered magnets. Rare earth 
magnets made from recycled mate-
rial via MIM can almost reach the 
magnetic characteristics of pressed 
and sintered magnets.” Fig. 9 shows 
the coercivity and remanence of the 
raw material and recycled NdFeB 
magnets. The coercivity HcJ and re-
manence Bf amounted to more than 
98% of the values of the raw material. 

A typical hysteresis curve of an 
NdFeB magnet manufactured by MIM 
is shown in Fig. 10. Dr Maurath be-
lieves that 100% of the starting mate-
rial's performance is also achievable 
through further improvements in the 
process chain. 

Fig. 5 Injection moulding at MIMplus with handling system

Fig. 8 Example of a part produced using co-sintering

MIMplus Technologies MIMplus Technologies

“In order to achieve these re-
sults,” explained Dr Maurath, “hard 
work was necessary to acquire ex-
tensive knowledge of handling these 
powders and feedstock. But this was 
only one part of the development of a 
stable manufacturing process. Great 
efforts were also invested in the 
injection moulding process, espe-

cially in tool design. The debinding 
and sintering process is also very 
complex and requires intensive 
research.”

MIMplus expects this innovation 
to open up new markets for MIM 
technology. “The demand for strong 
permanent magnets – especially for 
applications in engines of electric 

Fig. 9 The coercivity and remanence of MIM NdFeB magnets

Fig. 5 A view of the injection moulding area at MIMplus's manufacturing facility. 
Robotic pick and place systems are widely used 

Fig. 6 LÖMI debinding technology is used for the solvent debinding of MIM parts 
in a very environmentally friendly manner

Fig. 7 MIM parts being loaded into an industrial debind and sinter vacuum 
furnace at MIMplus
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vehicles, miniaturised electric mo-
tors, novel sensors and electronic 
devices – has increased sharply in 
recent years and will continue to 
increase,” Dr Maurath noted.

The strongest permanent mag-
nets that can be produced today 
are NdFeB magnets, which con-
tain around 30% rare earths. Rare 
earths are strategic raw materials 
that are expensive, and quite scarce 
globally, with China home to the 
majority of rare earth deposits, 
mining and processing facilities. 

The recycling of used rare earth 
magnets is, therefore, becom-
ing increasingly important. Today, 
the simple shapes of rare earth 
magnets that can be produced by 
traditional press and sinter Powder 
Metallurgy require a great deal of 
secondary processing, which is as-
sociated with high reject rates due 
to the brittleness of the material. 
When using MIM for the production 
of rare earth magnets, near-net 
shape products can be produced, 
with very little secondary machin-

ing required, improving material 
utilisation as can be seen in Fig. 11. 
This means that even more com-
plicated shapes than before can be 
achieved. 

Moving beyond MIM: 
The evaluation and 
implementation of sinter-
based metal AM

The introduction of Additive Manu-
facturing by a MIM producer opens 
up new possibilities for part design 
and the chance to serve custom-
ers with production quantities that 
may have previously been unviable. 
Metal Additive Manufacturing is 
therefore seen as a welcome com-
plement to MIM technology within 
the company. 

MIMplus has deliberately chosen 
to use only sinter-based AM pro-
cesses, as these are very similar to 
MIM and can produce functionally 
identical prototypes of MIM parts 
without a mould. While the shaping 
process of these parts is different, 
the metal powders used and the 
sintering process are the same. In a 
comparative study of those sinter-
based AM processes which are 
known today, Dr Simone Schuster, 
R&D engineer responsible for set-
ting up AM manufacturing at MIM-
plus, has explored and contrasted 
the strengths and weaknesses of 
the various process types, with her 
conclusions highlighted below.

Material Extrusion
Material Extrusion (MEX)-based 
processes, also known as Fused 
Filament Fabrication (FFF) or Fused 
Deposition Modelling (FDM), in-
volves the application of plastic Ad-
ditive Manufacturing technologies to 
MIM feedstocks containing a large 
proportion of metal powder. The 
feedstock is supplied in the form of 
a filament or as granules, plasti-
cised in the print head, extruded 
through a fine nozzle and applied to 
a heated base plate. In this way, the 
green part is built up layer by layer. 

The process does not require a 
powder bed, but support structures 
are needed for overhanging features 
on the components; these supports 
must be removed later by machin-
ing. FFF green parts, like MIM 
parts, are either solvent or catalyti-
cally debound and then sintered. Dr 
Schuster stated that the investment 
costs for FFF Additive Manufactur-
ing machines are comparatively low; 
therefore, the process is particularly 
attractive for MIM manufacturers 
which already have the equipment 
for debinding and sintering. How-
ever, the build speed of FFF AM is 
relatively low, and the surface qual-
ity leaves much to be desired.

Binder Jetting
Another sinter-based AM technol-
ogy, Binder Jetting (BJT), applies 
a liquid binder to the surface of a 
powder bed in a jetting process sim-
ilar to that used in an inkjet printer. 
Due to capillary forces, the binder 
only accumulates at the contacts of 
the powder particles. After jetting 
the first layer of binder, the powder 
bed is lowered and a fresh powder 
layer is applied, which is jetted again 
with binder. This enables one or 
more green parts to be built in the 
powder bed, layer by layer. Support 
structures are generally not neces-
sary, as the surrounding powder in 
the bed supports features such as 
overhangs during the build process. 
After the Binder Jetting process, the 
binder in the powder bed is cured 
in an oven to increase the green 
strength, and the parts are then 
removed from the bed. This process 

is considered critical because the 
green parts contain only 1–2% by 
weight of binder, and are, therefore, 
quite fragile. 

Dr Schuster sees the advantage 
of BJT is its relatively high build 
speed, although the removal of the 
green parts from the powder bed 
is difficult and requires manual 
work. After thermal debinding and 
sintering, products with a relative 
density of more than 96% and a 
fairly high surface quality of Ra ~6 
µm are obtained. 

Vat Photopolymerisation
The adaptation of Vat Photopoly-
merisation (VPP), also called 
stereolithography (SLA), for metal 
components is also possible. The 
feedstock used in this process is 
a mixture of metal powder and a 
light-sensitive polymer, which has 
a consistency like butter at room 
temperature. With a heated blade, 
the binder is liquefied, and a thin 
layer of feedstock is applied to the 
base plate. The binder is then lo-
cally cured by a UV beam in the pat-
tern of one layer of the part. A layer 
of fresh feedstock is then applied, 
and the curing process repeated, 
building the part layer by layer. 

Support structures are not need-
ed, but the excess material must 
be removed after the build process 
has been finished; this is done by 
heating the entire block including 
the green parts, resulting in the liq-
uefication of the non-cured material 
and allowing the cured green parts 
to be removed. The process then 
requires thermal debinding over 
several hours and, by subsequent 
sintering, the material is consoli-
dated. According to Dr Schuster, 
the process is particularly suitable 
for small, filigree components, with 
surface finish is reported to be very 
good at Ra ~5 µm.

Cold Metal Fusion
Cold Metal Fusion is a technology 
developed by Headmade Materi-
als GmbH, Germany, in which a 
feedstock loaded with metal powder 
is processed using Selective Laser 
Sintering (SLS). The feedstock in 

the form of a fine powder is applied 
to the base plate and heated lo-
cally with a laser beam so that the 
feedstock particles merge with each 
other. The process is repeated layer 
by layer until the green parts are 
built. Support structures are not nec-
essary since the parts are supported 
by the feedstock bed. The as-built 
green parts are then taken from the 
powder bed and cleaned with a jet of 
water and, since the green strength 
is very high, even green part machin-
ing is possible. Debinding is car-
ried out in a solvent followed by the 
sintering process.

MoldJet
The last process considered by Dr 
Schuster, and probably the most 
recent development in this sector, is 
called MoldJet. MoldJet, developed 
by Tritone Technologies, Israel, dif-
fers from the other methods in that 
a mould consisting of a wax-like, 
easily-malleable material is addi-
tively manufactured that represents 
the negative of the green part. In the 
first step of this process, the bot-
tom of the mould is built on the base 
plate. As soon as the building of the 
green parts begin, correspondingly 
less mould material is applied. In the 
second step, a paste of metal powder 
and binder is added into the open 
spaces of the mould, and, in the final 
step, the binder in the metal powder 
paste is cured. Following these steps, 
the next layer of the mould is built, 
metal paste is added, the paste is 
cured, and so on. This method, too, 
does not require support structures. 
At the end of the build process, the 
base plate is heated together with 
the additively manufactured mate-
rial, so that the moulds melt and the 
green parts are exposed. The green 
parts are then debound and sintered 
in a two-stage process. The process, 
stated Dr Schuster, produces a high 
surface quality and is economical for 
quantities of several thousand parts.

Dr Schuster is convinced of the 
advantages of Additive Manufactur-
ing for small to medium quantities of 
products. “The first serial products 
are currently under development. 

MIMplus Technologies MIMplus Technologies

Fig. 10 Typical hysteresis curve of an NdFeB magnet manufactured by MIM (left) and its microstructure (right)
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Fig. 11 MIM magnet realised from electronic scrap resources 
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The biggest challenge is to create 
high-quality surfaces that are compa-
rable to the quality of MIM parts and 
in such a way fulfil the high demands 
of MIM customers,” she stated. 
“MIMplus Technologies focuses on 
three AM technologies: Fused Fila-
ment Fabrication, Cold Metal Fusion 
and MoldJet. We are working closely 
together with Tritone to evaluate 
the MoldJet Technology. Currently, 
Tritone provides us with additively 
manufactured green parts and in the 
near future we will install the first 
Tritone Dominant system in our facil-
ity. Furthermore, a research project 
together with Fraunhofer IFAM and 

Tritone was recently initiated. We 
also have a cooperation with Head-
made Materials to work on its Cold 
Metal Fusion technology. The first 
Cold Metal Fusion machine will soon 
be installed in our factory. Parts via 
other sinter-based AM processes are 
currently manufactured in coopera-
tion with further external suppliers."

Conclusion 

In recent years, the rise of sinter-
based AM has presented a range of 
opportunities for companies in the 
MIM industry to expand their field 

of applications and market value, by 
offering production at lower volumes 
and, in some cases, with more geo-
metric freedom than formerly pos-
sible. At the same time, the increasing 
urgency for the automotive industry to 
develop low cost, lightweight, high-
volume parts for EVs offers a potential 
boon for those MIM companies who 
are able to use their production exper-
tise to produce permanent magnetic 
parts – especially where the knowl-
edge is available to recycle these 
expensive materials in-house, thus 
offering customers a significant cost 
advantage. In pursuing these areas, 
MIMplus promises to position itself 
as a forerunner in the future MIM and 
sinter-based AM industry, and demon-
strates the experience of a company 
born from over one hundred years in 
manufacturing.
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Fig. 12 MIMplus plans to install its first Tritone Dominant system in its MIM 
facility in the near future 

“The first serial products are currently 
under development. The biggest 

challenge is to create high-quality 
surfaces that are comparable to the 
quality of MIM parts and in such a 

way fulfil the high demands of MIM 
customers.”
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The master alloy (MA) approach 
of mixing highly alloyed powders 
with pure iron powders to produce 
a wide variety of low alloy carbon 
steels and stainless steels is well 
established in the Metal Injection 
Moulding industry. Benefitting 
from alloy flexibility, high sintering 
activity leading to lower required 
sinter temperatures, and high 
dimensional accuracy, this route 
has maintained a dominant posi-
tion. For stainless steels, however, 
the use of pre-alloyed powders has 
largely displaced master alloy sys-
tems. Cost pressures, an increased 
number of competitive players 
offering pre-alloyed powders, and 
streamlining of alloy portfolios have 
accelerated this process. Interest-
ingly, within the low alloy feedstock 
domain, the adoption of pre-alloyed 
powders has been somewhat 
slower. In this paper, we report on 
the new Catamold motion series of 
feedstocks, with special focus on 
the alloy AISI/SAE 8620 (DIN 1.6523, 
UNS G86200), which is based on 
pre-alloyed, low alloy powders. 

Master alloy overview 

In Powder Metallurgy -based pro-
cesses, the mixing of iron powders 
and highly alloyed powders has, for 
many decades, been one of the most 
established ways to achieve the tar-
geted chemical alloy composition in 

the final sintered parts. The master 
alloy approach offers many advan-
tages, including flexibility in alloy 
chemistry design and lower sintering 
temperatures due to the high sinter 
activity of fine iron powders. MIM, 
born from the coming together of 
Powder Metallurgy and polymer 

BASF SE, the market leader in feedstocks for Metal Injection Moulding (MIM), 
has expanded its feedstock range with the release of Catamold® motion 8620, 
a low alloy steel feedstock suited to high performance automotive applications. 
In this paper, the company's Marie-Claire Hermant, Rudolf Seiler, and Thorsten 
Staudt introduce the new feedstock and the strategy behind the move to 
pre-alloyed, water atomised powders. The properties and performance of the 
new system are compared with those of the company's existing Catamold 8620 
that uses the master alloy approach.  

Catamold® motion 8620: 
BASF's new low alloy feedstock 
based on pre-alloyed metal 
powders

BASF's Catamold motion

Fig. 1 From left: BASF’s Catamold feedstock, as moulded part, green part, and 
as-sintered part 
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processing, has successfully adopted 
the MA approach - and it is still the 
major route to produce high-quality, 
low alloy MIM parts.

Master alloys have, until now, 
been exclusively used for low alloy 
products in the Catamold range, 
wherein blends of BASF’s own 
carbonyl iron powders (CIP) and gas 
atomised MA powders are utilised. 
The production methods of these 
powders allows for very low concen-
trations of oxygen to be achieved in 
both. 

CIP, produced via the decomposi-
tion of iron pentacarbonyl, followed 
by annealing under hydrogen and 
quenching in nitrogen, is a very pure 
iron source with little residual oxygen 
and carbon (below 3000 and 50 ppm, 
respectively). Gas atomised powders 
can reach very low oxygen levels due 
to the inert gases used; even when 
high concentrations of oxidatively-
sensitive elements like manganese, 

silicon and chromium are present, 
oxygen values below 1000 ppm are 
often achieved. These low concentra-
tions are highly advantageous for 
sintering. Oxides of manganese and 
silicon present after atomisation are 
difficult, if not impossible, to remove 
at typical MIM sintering tempera-
tures (1250°C–1430°C) and atmos-
pheres, leading to reduced densities 
and part defects. Additionally, oxygen 
initially bound to iron, which essen-
tially would be easy to reduce, can 
‘getter’ on these elements during 
sintering [1].

 Although the MA approach has 
a proven track record, it still suffers 
certain disadvantages. The correct 
mixing of powders with different 
chemistries, morphologies and parti-
cle size distributions during feed-
stock production is vital. Indeed, even 
if near-perfect mixing is achieved, 
local fluctuations in chemistry are 
difficult to avoid when low concen-

trations of certain elements are 
required. These fluctuations must be 
compensated for by diffusion during 
sintering, which is not easy in the 
case of certain elements [2]. Chemi-
cal inhomogeneities in sintered 
master alloy parts are usually in the 
range of 100 µm and, although this is 
a very small scale, these defects can 
initiate fatigue cracks during me-
chanical loading, especially when the 
inhomogeneous area is weaker than 
the bulk (e.g., a high nickel-content 
region in 8620).

Over recent years, the MIM 
industry has been moving away 
from the MA approach; the use of 
pre-alloyed (PA) metal powders, 
where each powder particle already 
contains the target chemistry, is now 
dominant – over 90% – for stainless 
steels. One of the strongest reasons 
to shift to PA systems is the fact 
that they do not suffer the chemical 
fluctuations of MA systems. Addi-

tionally, economically, PAs are often 
more price-competitive than the MA 
systems. This difference in cost has 
mostly been driven by the increase 
in the number of powder producers 
offering competitive, high-quality PA 
powders, predominantly produced via 
water atomisation. Water atomisation 
can yield metal powders, both stain-
less steels and low-alloy steels, with 
tap densities sufficient for application 
in MIM [3]. 

One disadvantage of this process 
is the oxidative nature of the atomi-
sation media; even when low levels 
of oxidatively-sensitive elements like 
manganese, silicon and chromium 
are present, high oxygen levels 
are unavoidable [4]. For stainless-
steel alloys typically sintered under 
hydrogen, this oxygen may not pose 
any impediment to achieving high 
sintered densities and low sintered 
part oxygen values. However, for 
carbon containing low alloy systems 
sintered under argon or nitrogen, a 
clean oxygen removal and achieve-
ment of high sintered densities may 
prove more problematic. 

In this work, we focus on the 
production of MIM parts using a 
pre-alloyed, water atomised AISI 
8620 metal powder. We demonstrate 
that it is possible to produce dense 
metal parts with superior mechanical 
properties.

Experimental procedure

As a benchmark MA system, the 
standard Catamold 8620 feedstock-
was used. The PA 8620 feedstock 
(Catamold motion 8620) is based 
on a commercially available water 
atomised powder. Both feedstocks 
comprise 7-8 wt.% POM, 0.8-1.1 wt.% 
PE and 0.3-0.5 wt.% additives. The 
new BASF Catamold motion binder 
formulation is based on one of 
BASF’s latest generation of additive 
packages. Feedstock mass flow rates 
(MFRs) were measured according to 
ISO 1133-1 at a temperature of 190°C 
and a load of 21.6 kg. 

A standard green part was injec-
tion moulded following typical MIM 
injection conditions (standard condi-

tions with 190°C nozzle and 123°C 
tool temperature) and processed 
to a brown part using a nitric acid 
debind (60 ml/h HNO3, 840 l/h N2 
flow rate, 120°C, 2.5 h). Brown parts 
were sintered in a molybdenum fur-
nace under nitrogen. The following 
temperature profile was utilised:

1. Heating from room 
temperature to 600°C at 5°C/
min and holding at 600°C for 
1 h

2. Heating from 600°C to 1380°C, 
at 5°C/min

3. Holding at 1380°C for 3 hours 
and, finally

4. Furnace cooling to ambient 
temperature, with a rate of 
5°C/ min

Alternatively, similar sintered den-
sities could be achieved by heating 
to 1,410°C in step (2) and holding at 
1,410°C for 1 h in step (3).

Results

Metal powder
Manufacturing low alloy metal 
powders via water atomisation is 
more challenging than for highly 
alloyed stainless steels. Firstly, 
the low concentration of alloy-
ing elements (e.g. Cr, Ni) tends to 
raise the melt temperature, which 
makes it difficult to continuously 
pour without superheating the melt. 
Secondly, oxygen uptake must be 
avoided during the drying process; 
fast dewatering without the pres-
ence of air is essential in ensuring 
a low powder oxygen concentration. 
Table 1 shows that the commer-

cially available powder has achieved 
an acceptable level of oxygen (below 
3000 ppm).

The deviation in manganese 
content from the AISI 8620 standard 
is intentionally applied in order to 
minimise manganese fouling of the 
sintering furnaces and to reduce 
manganese oxide forming during 
powder production, debinding and 
sintering. The PA powder is coarser 
than a typical CIP powder; a lower 
sinter activity could, therefore, be 
expected. To compensate for this, 
it was necessary to increase the 
sintering temperature to achieve 
highest part densities. 

Although the PA powder is water 
atomised, there is a reasonable 
fraction of almost-spherical particles 
(see Fig. 2). The impact this has on the 
powder flowability is clearly seen in 
the tap density, which is exceptionally 
good for a water atomised powder. 
This is even more impressive when 
one keeps in mind that, due to the low 
alloy nature of the melt, the freezing 
time of the metal droplets will be 
very short, reducing the chance for 
droplet spheroidisation during the 
cooling phase. There are also some 
non-spherical particles produced, 
especially when compared to the MA 
powder mixtures, which contain only 
gas atomised MA powders and CIP. 

Material properties
Typical material properties for both 
the reference 8620 feedstock and the 
new Catamold motion 8620 are given 
in Table 2. Feedstock flowabilities 
are very similar. Final part densities 
of over 7.5 g/cm3 could be achieved 
for the pre-alloyed system, but, 
as expected, elevated sintering 

Cr (%) Ni (%) Mo (%) Mn (%) Si (%) O (%) Fe (%) D90 (μm) Tap Density (g/cm³)

0.5 0.6 0.2 <0.2 <0.2 <0.3 Balance 20 4.8

Table 1 Chemical composition, particle size and tap density of a commercial PA 8620 powder

Table 2 Feedstock and material properties of Catamold motion 8620 versus 
Catamold 8620

Catamold motion 8620 Catamold 8620

MFR ~ 650 g/10 min @ 190°C ~ 550 g/10 min @ 190°C

Sinter parameters 1380°C, 3 h, N2 1250°C, 1h, N2

Sinter density 7.55 g/cm³ ≥ 7.5 g/cm³

Oversizing factor 1.1710 1.1280

Fig. 2 SEM Micrographs of (a) the pre-alloyed 8620 powder in Catamold motion 8620 and (b) master alloy powder mixture 
in Catamold 8620

(a) (b)
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temperatures (over 100°C higher) and 
times were required. These elevated 
sintering temperatures and times 
should not pose any commercial risk, 
as these temperatures are very typical 
of pre-alloyed stainless steel grades 
such as 316L or 304. Of course, this 
will require MIM vendors to adjust 
their continuous lines that have been 
optimised for master alloy feedstocks. 
Vendors can still adjust the sintering 
temperatures downwards if slightly 
lower sintered part densities are 
acceptable.

A lower oversizing factor (OSF), or 
part shrinkage, can be seen for Cata-
mold motion 8620; this is purely linked 
to a higher powder loading in the 
system. It was possible to increase the 
powder loading, which can have posi-
tive effects on part shape retention for 
the PA system, due to the new additive 

package system used and the coarser 
powder. The viscosity of both grades 
was investigated in more detail using 
rotational rheology. Fig. 3 shows that, 
over a large range of shear rates, the 
two feedstocks have similar shear-
thinning behaviour.

Bulk cross-sections of Catamold 
motion 8620, presented in Fig. 4 (a), 
show a homogeneously distributed 
porosity with fine, spherical pores 
(<10 µm). The typical porosity in 
master alloy parts is up to 15 µm. 
Very few large oxide inclusions can be 
seen in the PA system, indicating that 

Fig. 4 Micrographs of unetched cross-sections of the material bulk for (a) Catamold motion 8620 and (b) Catamold 8620

Fig. 5 Micrographs of etched cross-sections of the material bulk for (a) Catamold motion 8620 and (b) Catamold 8620

Fig. 6 Micrographs of cross-sections of the material surface after case-hardening for (a) Catamold motion 8620 and (b) 
Catamold 8620. Inhomogeneities are circled in red

Fig. 7 Inhomogeneities in the chemical composition of a master alloy 8620 part seen in (a) a micrograph of an etched 
cross-section and (b) EDS-map of nickel for the same part section

the powder source is very clean, and 
oxide build-up was avoided during the 
part processing. This will have a very 
positive impact on the mechanical 
properties. Etched cross-sections for 
both systems show the typical ferritic 
and pearlitic phases known for the 
8620 microstructure (Fig. 5).

Further homogeneity analyses of 
the microstructures of both systems 
revealed that chemical fluctuations 
are often found in the MA system. 
This could clearly be seen in parts 
after case hardening; case hardening 
was performed as follows:

1. Carburising in gas atmosphere

2. Holding at 920°C for 3 h

3. Quenching in oil 

4. Tempering at 160°C for 3 h 

After this heat-treatment proce-
dure, the surface shows a very homo-
geneously carburised microstructure 
in parts made from the PA feedstock, 
while bright spots appeared in master 
alloy part (Fig. 6). These bright spots 
were identified as areas with a higher 
amount of nickel (so called “nickel 
islands”) using EDS-mapping (Fig. 7). 
The existence of nickel islands is 

BASF's Catamold motion BASF's Catamold motion

(a)

(a)

(a)

(a)

(b)

(b)

(b)

(a)

Fig. 3 Rotational rheology curves measured at 190°C for Catamold 8620 (blue) 
and Catamold motion 8620 (orange)
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well-known for MA systems and, 
although this local inhomogeneity 
is not the ideal microstructure, MA 
parts work very well without large 
failure rates. Nevertheless, the 
improvement in homogeneity when 
using pre-alloyed metal powder 
could benefit the mechanical 
properties, especially the fatigue 
behaviour.

Mechanical properties
Mechanical properties collected 
from tensile testing of as-sintered 
and case hardened dog bones 
are given in Table 3. As can be 
seen, both materials show good 
properties similar to those expected 
for MIM-parts.

The case hardening depth (CHD) 
and absolute case hardening values 
show no significant differences 
between the PA and MA 8620 
feedstock (Fig. 8). The CHD (550 
HV 0.1) is 0.65 mm for the Catamold 
motion 8620 and 0.64 mm for the 
Catamold MA 8620. The differences 
in core hardness are caused by 
minimal carbon content differences 
(higher carbon content in this 
specific pre-alloy sample).

Looking at the fatigue behaviour 
of Catamold motion 8620, the PA 
system shows a better performance 
than the MA system. In Fig. 9, the 
Wöhler curves in the pure tensile 
direction (R=0.1) for as-sintered 
parts are given. The average stress 
level increase for the PA system 
is around 35 MPa higher than the 
MA system, which means that the 
time before a specific stress level 
is reached is increased by a factor 
of fifty. This could have major 
implications on the design flexibility 
for parts when using Catamold 
motion 8620.

Surface roughness has also 
been compared between the as-
sintered PA and MA parts (Table 4). 
The surface roughness for the PA 
parts is slightly larger than with 
the CIP-based feedstock, which 
was expected due to the coarser 
powder particles, but the difference 
is negligible. 

Fig. 8 Case-hardening depth profiles for (a) Catamold motion 8620 and (b) 
Catamold 8620

Fig. 9 Wöhler curves in pure tensile direction (R=0,1) for Catamold motion 8620 
(orange) and Catamold 8620 (blue)

Conclusion

Creating an AISI 8620 feedstock 
using pre-alloyed, HP water 
atomised metal powders has the 
potential to further improve the 
performance of low alloy MIM parts. 
It could be shown that mechanical 
properties, such as tensile strength 
and fatigue behaviour, could be 
improved when using pre-alloyed 
powders. This is likely to be due to 
an improved chemical homogeneity 
of the system.

Over recent years, HP water 
atomisation techniques have been 
developed to a stage where low 
alloy powders can be produced 
with a low oxygen content and 
near-spherical shape. This allows 
for good feedstock flowability 
and a high achievable sinter 
density. Additionally, the price 
competitiveness of HP water- 
atomisation implies that new part 
groups, previously out of reach due 
to cost, could be accessed with 
MIM. An additional aspect driving 
a shift away from CIP and gas 
atomised powders is sustainability; 
both of these powder sources have, 
in comparison to water atomised 
powders, a higher CO2-footprint. 
For this reason, BASF is working 
on further low alloy grades based 
on pre-alloyed, HP water atomised 
metal powders such as 42CrMo4. 
From BASF’s initial findings, it 
seems that the improvements 
observed for Catamold motion 8620 
seem to be transferable to other 
alloys.

Catamold motion 8620 Catamold 8620

Rz 6.5 µm 5.2 µm

Ra 1.0 µm 0.7 µm

Table 4 Surface properties of as-sintered parts of Catamold 8620 versus 
Catamold motion 8620
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Table 3 Mechanical properties of as-sintered parts and case-hardened parts 
made from Catamold motion 8620 versus Catamold 8620

Catamold
motion 8620

Catamold
8620

Yield strength as sintered 244 MPa ≥200 MPa

Tensile strength as sintered 443 MPa ≥400 MPa

Tensile strength case-hardened 1128 MPa 1065 MPa

Elongation at break as sintered 25% ≥15%

Elongation at break case-hardened 0.83% 0.72%
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The composition of feedstocks 
for Metal Injection Moulding ap-
plications varies according to the 
debinding process being used and 
the requirements of the material to 
be manufactured. For a feedstock 
to perform correctly, the distribu-
tion of the metal powder particles 
is critical. An effective mixing and 
distribution of the feedstock is, thus, 
necessary to ensure that binder ma-
terial coats each individual particle. 

When it comes to mixer selec-
tion for this process, a kneader 
blade (double arm) type Z blade 
mixer is often used. These mixers 
are renowned for gently manipulat-
ing particles throughout the mixing 
chamber and, after a period of 
time, will achieve a very homog-
enous distribution of particles. Z 
blade kneader mixers are designed 
for strength and to cope with the 
stiff phases that mixtures often go 
through. Each of the metal pow-
der particles must be coated with 
binder, so that the feedstock can be 
injection moulded at a later stage 
and still hold its shape after ejection 
from the mould. 

The coating of particles typi-
cally requires a binder formulation 
that is solid at room temperature, 
needs modest levels of heat to 
melt, and is able to coat metal 
powders homogeneously. The 
design of a mixer must, there-
fore, include the ability to create 
a consistent heat throughout the 

mixture. This is achieved using a 
thin-walled jacket on the mixing 
chamber; heat transfer oil is then 
circulated inside the jacket, con-
ducting through into the product to 
achieve a homogenous temperature 
across the mixing chamber, with the 
blade design effectively distributing 
the heat throughout the batch.

Whilst many MIM companies choose to purchase commercially available 'off the 
shelf' feedstocks, a significant proportion continue to manufacture their own - 
or use both routes. Motives can range from a desire to use a proprietary binder 
composition for specific applications, to simple cost savings. What is critical 
is that in-house produced feedstocks are manufactured to the highest quality 
and with excellent batch-to-batch repeatability. In this article, Grant Jamieson, 
Managing Director of Winkworth Machinery Ltd, reviews the process of mixing, 
extruding and pelletising MIM feedstocks and introduces a specially-developed 
machine that combines these three operations.  

Winkworth: The development 
of custom solutions for the 
mixing of MIM feedstocks

Winkworth: Innovation in feedstock mixing

Fig. 1 Typical MIM feedstocks, mixed, extruded and pelletised on a Winkworth 
mixer 
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Overview of the mixing 
process

The metal powders used in Metal 
Injection Moulding are often in the 
form of spherical particles approxi-
mately 20 µm in diameter; in this 
form, they are very heavy, but remain 
free-flowing. The binders used are 
also free-flowing. Both these dry 
free-flowing materials respond when 
heated and mixed. As the metal par-

ticles heat up, some of the heat will 
melt the binder. All particles will 
randomly respond to the transfer 
caused by contact with the mixing 
chamber and with each other during 
the mixing process. This heat trans-
fer melts and liquefies the binder 
and allows the surface area of all 
the powders to be fully coated. The 
mixing process continues and the 
mixture becomes a crumb as the 
binder melts. 

At higher temperatures, the 
mixture becomes a smooth dough. If 
the temperature is allowed to go too 
high, some binder ingredients may 
degrade, leaving the ratios of binder 
to metal powder affected. Therefore, 
temperature control throughout the 
mixing process is critical. Once the 
mixture is created, the right con-
sistency achieved, and enough time 
passed, the metal feedstock becomes 
homogenous, with the powders evenly 
distributed and fully coated with the 
binder. 

The mixture is now ready for 
discharge. Due to the rapid nature 
of cooling, which is prevalent with a 
metal paste due to its thermal con-
ductivity, discharging the mixture also 
requires precise temperature control, 
often featuring some initial tempera-
ture reduction of the mass before 
discharge.

Creating MIM feedstock 
pellets

After the material has been dis-
charged from the mixer, it needs to 
be processed into a suitable form. 
The high pressure injection moulding 
machines typically used for MIM are 
very similar to plastic injection mould-
ing machines. Pellets are loaded into 
the hopper/chamber and, as they are 
pressed forward along the length of 
the machine, heat is applied to the 
injection barrel. The solid pellets re-
melt to create an injectable material. 

Once inside the injection barrel, 
heat transfer must occur to achieve 
a remelt. If particle sizes vary signifi-
cantly, a risk of poor flow or bigger 
particles being insufficiently heated 
occurs and will adversely affect 
injecting. In order to avoid this, it 
is essential to achieve a consistent 
particle size and shape. This consist-
ency of particle size then allows the 
parameters on the injection moulding 
machine to be established. Typically, a 
charge of pellets will require a deter-
mined residency period in the barrel 
to achieve liquifying before injecting. 
Once remelting has occurred the 
injection into the component cavity is 
initiated.

With tilting kneader mixers, 
before the pelletising of the feed-
stock can begin, tilt discharge to a 
cooling table is required, followed 
by a fracturing/smashing stage 
before passing through a granula-
tor. This process requires additional 
equipment with high wear parts, 
while the breaking up of the block of 
hardened lumps can deliver random 
results. Quality control, productiv-
ity and cost savings are, therefore, 
best achieved with a hybrid mixer/
extruder/pelletiser combined into 
one system. 

The preferred approach is to 
create pellets directly from the 
mixing process. These pellets need 
to be consistent in diameter, length 
and density, although a consist-
ent pelletised product with such 
a temperature-sensitive mixture 
creates a number of engineering 
challenges. Discharging through a 
number of small apertures and at a 
constant rate is necessary and, as 

the product is discharged through 
the discharge gate or ‘die plate’, an 
immediate cropping or cutting of 
this extrudate of mixture is neces-
sary to create pellets. Typical pellet 
size is normally 6-8 mm in length. 

The temperature sensitivity of the 
mixture requires extreme control of 
the mixing chamber environment, 
the discharge environment, the 
die-plate environment, the cutting 
environment and the post-cutting 
separation and cooling environment. 
These parameters must be managed 
with a great deal of precision and 
understanding of the mechanical 
behaviour of the mixture in order to 
achieve free-flowing pellets. These 
pellets can then be transported in 
sacks, barrels or through distribu-
tion pipework to feed the injection 
moulding machines.  

Winkworth, on instruction from 
one of the world’s leading MIM 
companies, has designed and sup-
plied a number of machines for this 

purpose (Figs. 2, 3). The earliest 
machines had automated controls 
and temperature management, with 
discharge via extruder screw and 
a rotary knife against the die plate; 
this produced an effective result. It 
was later discovered, however, that 
a reduced heat transfer to the mix-
ture occurred as the mixer emptied 
over time. Manual intervention on 
heating oil temperature was neces-
sary to manage the process during 
discharge. 

This intervention would vary ac-
cording to the alloy and powder type 
being processed, the binder, and the 
ratios of the two. If the chamber is 
allowed to cool too much, a sig-
nificant back pressure is generated 
during discharge as the mixture’s 
flowability reduces, leading to so-
lidification. In these circumstances, 
a detrimental effect on the machine 
can occur due to the pressures cre-
ated and the power applied during 
extrusion.

Fig. 3 External view of Winkworth's ZX 75 system, which acts as a mixer, extruder and pelletiser

Fig. 2 Internal view of the ZX 75 mixer from Winkworth showing the Z blades

Winkworth: Innovation in feedstock mixingWinkworth: Innovation in feedstock mixing
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Innovation in MIM feedstock 
production

Winkworth has introduced a number 
of innovations to minimise risks of 
high back pressures, to increase 
discharge rates, avoid manual inter-
ventions during discharge, maintain 
separation once cropped into pellets 
and ensure the continued separation 
of pellets during cooling - particularly 
the avoidance of rebinding. Meeting 
these challenges has resulted in a 
two stage process:

Stage one
An extrusion discharge, unpressur-
ised, into an integrated perpendicular 
chamber. This chamber is tempera-
ture-controlled using an independent 
heating oil recirculation system. 

Stage two 
A vertical hydraulic ram piston de-
signed to uniformly press the mixture 
through the die plate. The die plate is 
electrically heated and temperature-
controlled. 

Once parameters for each compo-
sition are understood, reasonable 
expectations for mixture discharge 
rates are approximately 200 kg in 45 
minutes. The productivity achieved in 
pelletising avoids the need to manage 
mixer chamber temperatures during 
discharge cycles.

The mixture for good pelletising 
and discharge should resemble soft, 
but not sticky, plasticine; more fluid 
than this and tearing and inconsistent 
pellet forms will occur. Too stiff, and 
pellets will be difficult to discharge; 
reciprocation rates will have to be 
managed in the knife cutter to com-
pensate. Back pressures may also 
become too high and create distortion 
in the die plate or other mechanical 
arrangements. 

In the system developed by Wink-
worth (Fig. 4), a hydraulic ram, set 
perpendicular to the mixing chamber, 
uses gravity to allow for a vertical 
drop of the pellets once cut. A fast 
reciprocating multi-knife blade cuts 
the pellets as the mixture is extruded. 
The pellets then free fall to the vibrat-
ing conveyor beneath. An essential 

feature is for the conveyor to quickly 
move the pellets away from the drop 
zone, as discharged pellets would 
rebind if contact is made with others 
as the heat retained within them is 
sufficient to allow re-binding. By us-
ing a spiral cooled vibratory elevating 
conveyor, the pellets are suitably 
cooled and separation is sufficiently 
maintained for packaging. Addition-
ally, a compact footprint is achieved 
for the installation.

The productivity gains from this 
method of discharge management 
are significant and result in much 
greater utilisation time in mixing and 
better productivity for the client.

Cleaning

In addition to mixing and pelletising 
challenges, on cooling, MIM feedstock 
becomes solid. Cleaning between 
batches in a cold state (room temper-
ature) is, therefore, impractical as the 
material forms a cold-set structure 
similar to brittle toffee - and just 
as stuck! The design of the mixing 
machine must include the provision 
for removal of the blades, removal 
of the extruder screw, access to the 
inside of the mixing chamber and 
all the mixer side walls for cleaning 
when the machine is at an elevated 
temperature. 

These temperatures are in excess 
of 100°C and would cause physical 
harm to operators during clean-
ing. Substantive personal protection 
equipment is necessary in the form 
of hot working gloves and overalls. 
Critically, due to the rate of tempera-
ture transfer and heat losses, the 
design of the machine must be suited 
to rapid disassembly. The machine 
must be openable, providing access 
to the chamber walls to allow scrap-
ing of hot mixture, blade removal and 
extruder screw removal to an adjoin-
ing bench. Blades and extruder screw 
can then be thoroughly accessed and 
cleaned whilst hot. 

This has been achieved using a 
number of hydraulic-assisted clamps, 
which release on the operator’s com-
mand, and a pivoting non-drive end 
plate, which allows full 90° opening, Fig. 4 The pelletiser unit on the ZX 75 system from Winkworth

Fig. 5 MIM feedstocks loaded into a barrel after cooling

thereby providing access. Blades and 
the extruder screw are driven by a 
drive stub shaft which allow tool-free 
removal. These are cleverly retained 
axially by the non-drive end plate 
when in operation. 

Additionally, a jib crane has been 
designed to be mounted on the 
machine, facilitating the handling 
of these hot and relatively heavy (in 
excess of 20 kg each) component 
parts during the cleaning cycle. This 
attention to detail allows the client to 
maximise the mixing and discharge 
performance of the machine and 
allows for safe, fast and thorough 
cleaning when recipe changes are 
necessary, which helps avoid inter-
batch contamination.

Conclusion

Metal Injection Moulding is increas-
ingly being used by a diverse range of 
industries and demand is undoubt-
edly growing. The ability to produce 
low cost, high integrity components 

will continue to drive this technol-
ogy. Developments in mixing and 
discharge management, such as 
those described above, can make a 
significant contribution to the future 
adoption of MIM approaches. Similar 
approaches can, of course, be utilised 
in Ceramic Injection Moulding (CIM) 
and other Powder Injection Moulding 
(PIM) applications.
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Cremer Thermoprozessanlagen GmbH  33
www.cremer-polyfour.de

HIP systems & services
Phoenix Scientific Industries Ltd  34
www.psiltd.co.uk

Powder atomisers

Centorr Vacuum Industries, Inc  48
www.vacuum-furnaces.com

CM Furnaces Inc.   17
www.cmfurnaces.com

Cremer Thermoprozessanlagen GmbH  33
www.cremer-polyfour.de

Elnik Systems  19 
www.elnik.com

Kerafol GmbH & Co. KG 07
www.kerafol.com

Ningbo Hiper Vacuum Technology Co Ltd  37
www.hiper.cn

Signature Vacuum Systems, Inc.  30
www.signaturevacuum.com

TAV Vacuum Furnaces SpA  21
www.tav-vacuumfurnaces.com

Tisoma GmbH  42
www.tisoma.de

Furnaces & 
furnace supplies 

Advertisers’ index & buyer’s guide Advertisers’ index & buyer’s guide 

Wohlers Associates  58 
www.wohlersassociates.com

Consulting/market analysis

LÖMI GmbH  63
www.loemi.com

Debinding systems 

Nel ASA 16
www.nelhydrogen.com

Atmospheres &  
gas generation
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5th Additive Manufacturing Forum Digital Edition 
2021 [ONLINE EVENT]
July 21–23, 2021
www.am-forum.eu

Ceramics Expo 2021
August 30–September 1, 2021
Cleveland, OH, USA
www.ceramicsexpousa.com

Formnext + PM South China 2021
September 9–11, 2021
Shenzhen, China
www.formnext-pm.com

RAPID + TCT
September 13–15, 2021
Chicago, IL, USA
www.rapid3devent.com

EPHJ Trade Show
September 14–17, 2021
Geneva, Switzerland 
www.ephj.ch

Workshop Sinter-Based Additive 
Manufacturing 2021
September 15–16, 2021
Bremen, Germany 
www.ifam.fraunhofer.de/en/Events/sinter-based-
additive-manufacturing-workshop-2021.html

Ceramitec Conference
September 15–16, 2021
Munich, Germany 
www.ceramitec.com

Euro PM2021 [ONLINE EVENT]
October 18–22, 2021
www.europm2021.com

MIM2022
February 21–22, 2022
West Palm Beach, FL, USA
www.mim2022.org

Asiamold
March 3–5, 2022
Guangzhou, China
www.asiamold-china.cn.messefrankfurt.com 

PM China 2022
May 23–25, 2022
Shanghai, China
www.pmexchina.com 

The 20th Plansee Seminar
May 30–June 3, 2022
Reutte, Austria
www.plansee-seminar.com 

PowderMet2022 / AMPM2022
June 12–15, 2022
Portland, OR, USA
www.powdermet2022.org / www.ampm2022.org 

EPMA Powder Metallurgy Summer School
June 27–July 1, 2022
Ciudad Real, Spain
www.summerschool.epma.com  

Industry events
If you would like to see your PIM/MIM/CIM-related event listed in this magazine and on our 
websites, please contact Kim Hayes, email: kim@inovar-communications.com 

We welcome enquiries regarding media partnerships and are always interested to discuss 
opportunities to cooperate with event organisers and associations worldwide.

Events

Formnext [ONLINE/IN PERSON]
November 16–19, 2021 [In person]
November 30–December 1, 2021 [Online]
Frankfurt, Germany
www.formnext.com

Hagen Symposium 2021 
November 25–26, 2021
Hagen, Germany
www.pulvermetallurgie.com/symposium-termine/
symposium-aktuell

Book Your Virtual Exhibition Booth Now
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Euro PM2021 International Powder  
Metallurgy Congress & Exhibition 

18 – 22 October 2021
ONLINE EVENT

�����������������������������europm2021.com

Registration Now Open
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