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• 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.

RYER, Inc.  |  42625 Rio Nedo Unit B  |  Temecula, CA 92590  |  USA  |  Tel: +1 951 296 2203
Email: dave@ryerinc.com  |  www.ryerinc.com

www.ryerinc.com

MIM/PIM
FEEDSTOCKS

2020 Spring PIM Ryer ad.indd   22020 Spring PIM Ryer ad.indd   2 05/02/2020   14:52:5905/02/2020   14:52:59

http://www.ryerinc.com/


September 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

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

Digital Marketer 
Swetha Akshita
swetha@inovar-communications.com 

Production Manager 
Hugo Ribeiro 

hugo@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. 3 September 2021
© 2021 Inovar Communications Ltd

Cover image  
Continuous furnaces for debinding 
and sintering at China’s largest 
MIM producer 
(Courtesy Jiangsu Gian Technology 
Co., Ltd.) 

Pushing the boundaries 
of part size, production 
volume, and complexity
The MIM industry’s output is hugely diverse, from tiny orthodontic 
brackets to large single piece pistol frames. Each application is, 
of course, constrained by one aspect or another of the production 
process, but, as each year passes, the MIM industry pushes at the 
boundaries of part size, production volume, and of course part 
complexity.
 
Our lead news story on page 9 reports on the latest efforts to 
push the viable boundaries of MIM component size towards 
the 1 kg marker. Whilst there are many examples of large 
MIM parts in series production around the world, life does get 
more complicated the larger the part. Managing shrinkage and 
distortion becomes far more challenging, as does identifying 
applications that are economically viable, given the complex 
tooling, the cost of powders, and the long debinding and sintering 
times involved. Can these hurdles be reduced with innovative 
binder systems and cheaper raw materials?
 
When it comes to production volumes, our visit to Jiangsu Gian 
Technology Co., Ltd (page 69) lifts the lid on what high-volume 
MIM production really looks like – picture twenty-three continuous 
debinding and sintering furnaces and 350 injection moulding 
machines pushing out millions of parts per day, and it becomes 
clear that, for geometrically complex parts at high production 
volumes, MIM really is a technology with few rivals.
 
And as for part complexity, MIM remains a remarkable process, as 
the showcase of 2021 MPIF award winning parts on pages 93 to 98 
illustrates. Metal Binder Jetting will find its place as a formidable 
manufacturing technology that will rival, or complement, MIM – 
depending on which side of the equation you sit. But right now, the 
process stability, automation and sheer speed of MIM, in contrast 
to what is currently a rather challenging Binder Jetting process 
chain, puts the industry in a strong position for sustained growth.

Nick Williams,
Managing Director & Editor

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


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

https://www.exone.com/en-US/Designlab-for-Office
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69 Inside China’s largest MIM company: Innovation, 
research and the MIM Smart Factory at Jiangsu 
Gian Technology Co., Ltd. 

 The ability to innovate is the cornerstone of the successful 
evolution of technology companies. Jiangsu Gian Technology 
Co., Ltd., China’s largest Metal Injection Moulding company, 
has always followed such a philosophy. Dr Chiou Yau Hung 
(Dr Q) visited the company on behalf of PIM International and 
spoke with Junwen Wu, the company’s vice president, about 
how innovation, from materials development to the use of 
Artificial Intelligence for advanced quality management, has 
become the driving force behind the company’s success. >>> 

79 The evolving story of metal Binder Jetting: The 
pain and the promise 

 Binder Jetting – at once the new kid on the block yet one 
of the industry’s earliest processes – holds the promise 
of taking metal Additive Manufacturing into the territory 
of true high-volume production. Yet progress towards this 
goal appears to be struggling, with machine sales lower 
than many hoped and two new ‘big players’ appearing to 
be holding back on full commercialisation. In this report, 
Joseph Kowen considers the development of this industry 
to date, the obstacles facing its growth, and, of course, the 
recent announcement of two of Binder Jetting’s biggest rivals 
coming together in the most unexpected acquisition. >>> 

In this issue
93 MPIF PM Design 

Excellence Awards 2021: 
Metal Injection Moulding 
in the spotlight  

 During the International 
Conference on Powder Metal-
lurgy and Particulate Materials 
(PowderMet2021), held in 
Orlando, Florida, USA, the 
MPIF announced the winners in 
its 2021 PM Design Excellence 
Awards. 

 As in previous years, the 
awards were dominated by 
innovative parts produced 
by Metal Injection Moulding, 
which once again showcased 
the impressive versatility the 
process can bring to compo-
nent design, and its potential 
as a truly competitive manu-
facturing technology. Here, we 
report on a truly diverse collec-
tion of award winning MIM 
parts. >>>

25 87 1059575

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


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.3dsystems.com/semiconductor
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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

101 Jingye Lide: The story of an ambitious journey 
to become the world’s largest MIM-grade metal 
powder manufacturer 

 The dramatic growth of China’s Metal Injection Moulding 
industry over the past decade has not only seen MIM 
producers thrive, but it has driven major investments in 
metal powder production capabilities. 

 One of the biggest success stories is that of Jingye Lide 
Additive Manufacturing Co., Ltd., a company whose produc-
tion has grown from 50 tons of atomised powder in 2009 
to 4,000 tons in 2020. It is planning to increase capacity to 
40,000 in the near future. Dr Chiou Yau Hung (Dr Q) reports 
on a recent visit to the company for PIM International. >>>

107 How build parameters influence the tensile 
strength of 316L parts produced by Fused 
Filament Fabrication

  In this article, Dr Samuel von Karsa-Wilberforce, Emery 
Oleochemicals, Germany, and co-authors report on the 
tensile strength of sintered 316L specimens produced via 
Fused Filament Fabrication (FFF), a Material Extrusion 
(MEX)-based Additive Manufacturing process. 

 The parameters studied include printing nozzle tempera-
ture, flow percent or extrusion multiplier and nozzle 
diameter of print head. The 316L feedstock filaments 
are based on Emery Oleochemicals’ evolutionary binder 
system, which has been used in MIM for more than thirty 
years. The partner in the study for debinding, sintering and 
mechanical testing is CMG Technologies Ltd, UK. >>>

09 News >>>

  

115 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. >>>

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

based AM industries. >>>

Regular features...

https://www.kerafol.com/


Contact us   
TEKNA.COM

MIM POWDER 
MANUFACTURER

Plasma Quality Powder

Traceability

Industrial Capacity

AS9100 and ISO 9001

CHARACTERISTICS

Metal Injection Molding

Additive Manufacturing

Hot and Cold Isostatic Pressing

Thermal and Cold Spray

APPLICATIONS

Subscribe to our mailing list
www.tekna.com/webinars

C

M

J
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MJ

CJ

CMJ

N

https://www.tekna.com/
https://www.tekna.com/webinars
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Industry News

SSI is using feedstock from Tundra Technologies to produce large, complex 
parts previously not considered economically or technically feasible with MIM 
(Courtesy SSI Sintered Specialties)

SSI Sintered Specialties, headquar-
tered in Janesville, Wisconsin, USA, 
and Tundra Technologies LLC, a 
material additives company based in 
White Bear Lake, Minnesota, USA, 
have partnered to enable the high-
volume production of large, complex 
components by Metal Injection 
Moulding. Beginning immediately, 
SSI will operate as the preferred 
production partner of parts made 
with Tundra’s Dynamik® materials 
platform, including metal composite 
feedstocks and powders.

By leveraging SSI’s metallurgical 
production expertise and Tundra’s 
successful track record in specialist 
binder systems, it was stated that 
customers can produce larger and 
more complex parts previously not 
considered economically or techni-
cally feasible for MIM.

“It takes a strong partnership 
between dedicated materials and 
engineering experts to solve the chal-
lenging obstacles that are present in 
the injection moulding space today,” 
stated Paul Hauck, Chief Operating 
Officer at SSI Sintered Specialties. 
“Partnering with Tundra, a company 
with a background in leveraging 
advanced technical insights to rein-
vent what’s possible, advances our 
strategy to design and produce MIM 
components with properties and 
possibilities that the market has 
never seen before.” 

With traditional MIM materials, 
explains SSI, the uncertainty of 
isotropic shrinkage significantly 
increases with larger parts, often 

SSI and Tundra partner to enable the 
production of larger, complex MIM 
components

creating high part variability, low 
dimensional stability and expensive 
material processing. These obstacles 
have kept most MIM components 
around the size of 25 g or less. 
Dynamik is reported to offer high 
particle concentration materials that 
can be processed on established 
equipment which enables large, 
complex part production in MIM – 
including parts weighing more than 
100 g. Other beneficial material 
characteristics include:

• High dimensional stability, 
producing near-wrought proper-
ties and reduced part variability

• Average isotropic shrinkage of 
6-8%, compared to traditional 
shrinkage of 16-20%

• Improved particle packing – up 
to 87% by volume – allowing for 
lower sintering temperatures 
and improved isotropic charac-
teristics

• Competitively priced powders and 
feedstocks in multiple alloys.

“MIM has had a successful history 
in delivering very complex metal 
parts for demanding applications, 
but its scope has been limited to 
small parts,” Hauck added. “Our 
partnership with Tundra enables us 
to address a broader range of appli-
cations that were not economically 
possible with traditional MIM opera-
tions, expanding how our customers 
can leverage the technology for their 
applications.”

SSI’s growing Technology Center 
is said to offer the largest capacity of 
high-temperature sintering in North 
America, and continues to grow 
its investments in MIM technology 
through new talent and equipment. 
SSI recently announced the addition 
of an Elnik high-temperature refrac-
tory metal lined vacuum furnace and 
an Arburg automated moulding press 
to its fleet of MIM equipment, offering 
customers the metallurgical expertise 
needed to lead the development of 
non-traditional MIM applications.

www.ssisintered.com
www.tundracompanies.com  

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


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.org
MAMC 2021  |  November 3-5  |  mamc2021.org
Formnext 2021  |  November 16-19  |  formnext.com
Additive by Sandvik: Material Matters  |  Interactive webinar series  |  metalpowder.sandvik/webinar

https://www.metalpowder.sandvik/
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Desktop Metal, Inc., Boston, Massa-
chusetts, USA, and The ExOne 
Company, North Huntingdon, Penn-
sylvania, USA, have entered into a 
definitive agreement which will see 
Desktop Metal acquire all of the 
issued and outstanding shares of 
ExOne common stock. Under the 
terms of the agreement, ExOne 
shareholders will receive $8.50 in 
cash and $17.00 in shares of Desktop 
Metal common stock for each share 
of ExOne common stock, for a total 
consideration of $25.50 per share, 
representing a transaction value of 
$575 million.

“We are thrilled to bring ExOne into 
the DM family to create the leading 
Additive Manufacturing portfolio for 
mass production,” stated Ric Fulop, 
founder and CEO of Desktop Metal. 
“We believe this acquisition will 
provide customers with more choice 
as we leverage our complementary 
technologies and go-to-market efforts 
to drive continued growth. This trans-
action is a big step in delivering on 
our vision of accelerating the adoption 
of Additive Manufacturing 2.0.”

“We are excited to join forces with 
Desktop Metal to deliver a more 

Desktop Metal to acquire rival Binder 
Jetting technology firm ExOne

sustainable future through our shared 
vision of Additive Manufacturing at 
high production volumes,” commented 
John Hartner, CEO of ExOne. “We 
believe our complementary platforms 
will better serve customers, accel-
erate adoption of green technologies, 
and drive increased shareholder value. 
Most importantly, our technologies 
will help drive important innovations 
at meaningful production volumes that 
can improve the world.”

More and more businesses turning 
to Additive Manufacturing now expect 
solutions that address all of their 
requirements across speed, cost, 
resolution, and part size. The acqui-
sition of ExOne extends Desktop 
Metal’s product platforms with 
complementary solutions to create a 
comprehensive portfolio combining 
throughput, flexibility, and materials 
breadth, while allowing customers to 
optimise production based on specific 
application needs. By combining 
ExOne’s direct sales force with 
Desktop Metal’s global distribution 
network of over 200 channel part-
ners, the combined company is also 
expected to enable broader access 
to AM solutions for businesses of 

all sizes, while delivering increased 
materials innovation to provide 
customers with more choice and drive 
new application discovery.

“Today is a game-changing 
moment for the Additive Manufac-
turing community,” added Kent 
Rockwell, chairman of ExOne. “I 
see incredible opportunity for our 
customers in working with Desktop 
Metal and look forward to supporting 
this new and combined business.” 
Rockwell, ExOne’s largest share-
holder, has entered into a Support 
Agreement in which he will vote his 
4.2 million shares in favour of the 
transaction.

The transaction, which has been 
unanimously approved by the Board 
of Directors of ExOne, is expected 
to close in the fourth quarter of 
2021, subject to the approval of 
ExOne shareholders and satisfac-
tion of customary closing conditions, 
including applicable regulatory 
approvals.

Credit Suisse Securities (USA) LLC 
is acting as exclusive financial advisor 
and Latham & Watkins is acting as 
legal advisor to Desktop Metal. Stifel 
is acting as exclusive financial advisor 
and McGuireWoods LLP is acting as 
legal advisor to ExOne.

www.desktopmetal.com
www.exone.com  

The Ecrimesa Group’s board 
of directors reports that it has 
approved an investment of 
€2 million in a new continuous Metal 
Injection Moulding production line 
as part of its 2021/2022 investment 
plan.

This investment will include 
a new continuous debinding and 
sintering furnace from Cremer 
Thermoprozessanlagen GmbH, 
Düren, Germany, and injection 
moulding machines from Arburg 
GmbH + Co KG, Lossburg, Germany. 
The new line is scheduled for opera-
tion during the first quarter of 2022 

Ecrimesa invests €2 million in a new 
MIM production line

and will allow Ecrimesa to increase 
its production capacity to over 
250 tons of feedstock per year.

Based in the northern city of 
Santander, Ecrimesa is one of 
Europe’s leading MIM manufacturers, 
with more than twenty-five years’ 
experience in the technology. In 
1994, the company was the first MIM 
manufacturer worldwide to install a 
continuous sintering furnace for MIM 
part production.

The Ecrimesa Group is made up 
of three companies, each located 
in adjacent buildings in Santander, 
Spain; the Investment Casting 

company Ecrimesa, the MIM manu-
facturer Mimecrisa and the machining 
company Mecansa.

www.ecrimesagroup.com
www.cremer-polyfour.de/en
www.arburg.com  

Mimecrisa has been a leader in the 
development of the MIM industry in 
Europe for more than twenty-five 
years (Courtesy Mimecrisa)

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/
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The Metal Powder Industries Federa-
tion (MPIF) has released new material 
property data for MIM-420 HIP’d & HT 
stainless steel as an addendum to the 
existing MPIF Standard 35 from the 
2018 edition of ‘Materials Standards 
for Metal Injection Molded Parts.’

The new data provides minimum 
and typical mechanical property 
data tables in both inch-pound and 
SI units. These datasets were taken 
from MIM-420 parts HIP’d at 1121°C 

New material property data added to 
MPIF Standard 35

(+/- 14°C), 103.4 MPa (15,000 psi) 
[+/- 3.5 MPa (500 psi)] for 4 hours 
(+15 mins/-0 mins). Heat treatment 
was vacuum hardening at 1010°C, 
pressure quench in nitrogen and 
temper at 205°C for 1 hour.

The Standard Test Methods for 
Metal Powders and Powder Metal-
lurgy Products have been developed 
to provide guidance for the industry, 
adopted in cooperation with member 
trade associations through commit-

tees comprised of technical experts. 
These committees develop stand-
ards within their respective areas of 
expertise and propose them to the 
MPIF membership, who must wholly 
approve the standard before its official 
adoption. The standards have all been 
adopted under this procedure.

The addendum is posted on the 
MPIF website as a PDF, where it will 
be hosted until the release of the next 
published edition of the standards 
document. The files may be included 
on specification prints and/or sent to 
those who specify MIM parts.

www.mpif.org  

Preparations are ‘full steam ahead’ 
for an in-person Formnext 2021, 
scheduled to take place in Frankfurt, 
Germany, November 16-19, and the 
Formnext team is reportedly ‘going 
all out’ to make this milestone return 
event memorable.

“In discussions with members of 
the community over the last couple 
of years, we have once again come to 
realise the significance of Formnext,” 
stated Sascha F Wenzler, vice presi-
dent of Formnext at Mesago Messe 
Frankfurt GmbH. “This fair has an 
exuberance and spirit of innovation 
that is unbeatable. Just knowing 
that we can again offer this type of 
creative space where people can talk 
face-to-face, enjoy productive chats 
over coffee, touch products and 
discuss their progress embraced by 
the support of the whole community 
is wonderful.”

Formnext states around 450 
exhibitors, of which 55% are from 
outside Germany, have already 
registered for the event. The physical 
event will be complemented with the 
Formnext Digital Days, which will 
take place Nov 30–Dec 1,  2021, to 
allow those still facing travel restric-
tions to participate in the exchange 
of ideas.

www.formnext.com  

Formnext confirms 
on-site event in 
November

• 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

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/
https://vacuum-furnaces.com/
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EPSON ATMIX CORPORATION

• Low Alloy Steel

• High Alloy Steel

• Stainless Steel

• Magnetic Materials

• Granulated Powder

Finer Powder Production

Cleaner Powder Production

Shape Control of Powders

JAPAN
Mr. Ryo Numasawa
Numasawa.Ryo@exc.epson.co.jp

ASIA and OCEANIA
Ms. Jenny Wong
jenny-w@pacificsowa.co.jp

CHINA
Mr. Hideki Kobayashi
kobayashi-h@pacificsowa.co.jp

U.S.A and SOUTH AMERICA
Mr. Tom Pelletiers
tpelletiers@scmmetals.com

EU
Dr. Dieter Pyraseh
Dieter.Pyrasch@thyssenkrupp.com

KOREA
Mr. John Yun
dkico@hanafos.com

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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Ipsen has seen a steady increase in orders for its TITAN vacuum furnaces this 
year (Courtesy Ipsen USA)

Ipsen reports increased demand from 
manufacturers amid pandemic recovery
Ipsen USA, Cherry Valley, Illinois, 
USA, has reported a surge in 
interest for standardised equipment 
as more mid-sized companies 
recover from pandemic-related 

disruptions. The company has seen 
a steady increase in orders for Titan 
vacuum furnaces this year, with 
five in July alone. This represents a 
substantial increase over the same 

period in 2020, and a fundamental 
shift from the more specialised 
equipment that drove increased 
demand in the first half of this year.

Customers range from those 
in cutting tools and machinery 
to Additive Manufacturing and 
aerospace. As businesses gain 
confidence in a stabilising economy 
and anticipate increased produc-
tion demand, many are resuming 
pre-COVID investment plans, Ipsen 
reports.

Despite supply chain challenges 
throughout the manufacturing 
sector, the TITAN still reputedly 
has the industry’s best lead time. 
Its compact size, versatility and 
global operating platform make the 
TITAN an attractive option for those 
looking for a high performance 
turnkey solution with fast delivery 
and a small footprint. Customers 
have also reported Ipsen’s service 
and support, technical knowledge 
and product quality as factors in 
purchasing decisions.

www.ipsenusa.com  

The Metal Powder Industries 
Federation (MPIF) has announced a 
call for presentations for MIM2022: 
International Conference on Injec-
tion Molding of Metals, Ceramics 
and Carbides, which will be held at 
the West Palm Beach Marriott, West 
Palm Beach, Florida, USA, February 
21–23, 2022.

The conference, sponsored by 
the Metal Injection Molding Associa-
tion, a trade association of the MPIF 
and its affiliate APMI International, 
aims to gather product designers, 
engineers, end-users, manufac-
turers, researchers, educators, and 
students for technology transfer 
both within the industry and without, 
extending into adjacent technologies 
such as AM.

Metal Injection Moulding is an 
advanced manufacturing technology 

MIM2022 conference heads to 
West Palm Beach, issues call for 
presentations

for the production of complex, high-
volume net-shape components. The 
technology shares many similarities 
with sinter-based Additive Manu-
facturing processes such as Binder 
Jetting, often using the same metal 
powders and sharing the same 
binder removal and sintering stages. 
As well as anticipated overlaps in 
end-user markets, there is also 
a clear trend in MIM companies 
leading the adoption of sinter-based 
AM technologies.

As a result of these similarities, 
the annual MIM conference has 
become a popular destination for 
companies researching or devel-
oping sinter-based AM technologies, 
as well as companies already estab-
lished in this field.

Authors wishing to present a 
paper on manufacturing innova-

tions and material advancements 
at MIM2022 should submit an 
abstract using the submission 
form, which can be downloaded 
via the conference website. All 
accepted abstracts will require 
a PowerPoint presentation to be 
submitted for review prior to the 
conference.

Presentations are invited on the 
following topics:

• Part design

• Tooling

• Moulding

• Debinding

• Sintering

• Materials

• Ceramic Injection Moulding

• Hard materials

The deadline for presentation 
submissions is September 28, 
2021. Further details are available 
through the conference website.

www.mim2022.org  
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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.
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Industry News

Markforged, Watertown, Massachu-
setts, USA, commenced trading on 
the New York Stock Exchange on July 
15, following the company’s previ-
ously announced merger with one, a 
special purpose acquisition company 
sponsored by A-star and founded 
and led by Kevin Hartz. Markforged 

Markforged 
begins trading on 
New York Stock 
Exchange

common stock will trade under the 
ticker symbol ‘MKFG’ and ‘MKFG.WS‘ 
for Markforged warrants.

Markforged has received approxi-
mately $361 million of gross proceeds 
before transaction expenses, 
including a $210 million PIPE from 
Baron Capital Group, funds and 
accounts managed by BlackRock, 
Miller Value Partners, Wasatch Global 
Investors, and Wellington Manage-
ment, as well as existing Markforged 
shareholders M12 – Microsoft’s 
Venture Fund and Porsche Automobil 
Holding SE.

As part of the merger, the existing 
management team, led by Shai Terem, 
Markforged president and CEO, will 
continue to operate the business. Kevin 
Hartz and Carol Meyers, venture partner 
at Glasswing Ventures, LLC, will join 
Markforged’s Board of Directors. Alan 
Masarek, most recently CEO of Vonage, 
will join the board as chairman.

In order to mark the occasion, Mark-
forged additively manufactured its own 
version of the bell that has been rung 
to open each day’s trading at the New 
York Stock Exchange since the 1870s. 
Created using Markforged technology, 
the bell is comprised of materials 
including 17-4 stainless steel, onyx 
reinforced with carbon fibre, copper and 
more. 

“Today is a proud moment for 
the entire Markforged team and a 
significant milestone in our mission 
to reinvent manufacturing today so 
our customers can build anything they 
imagine tomorrow,” stated Terem. 
“As a publicly traded company, we will 
continue to focus on executing our 
ambitious product roadmap and further 
accelerating innovation, expanding 
customer adoption, and capitalising on 
the strong secular trends in Additive 
Manufacturing, allowing us to bring our 
platform to even more manufacturing 
floors around the world for mission-
critical use cases. Looking ahead, we 
have some exciting products in our 
pipeline as we move from accessible 
end-use parts to robust production. 
I couldn’t be more excited about our 
talented team and the opportunities in 
this next chapter.”

Hartz commented, “Being a publicly 
traded company will enable Markforged 
to build new relationships as a critical 
partner to even more leading global 
manufacturers, leveraging its expanded 
platform and proceeds from the trans-
action to accelerate its impact and 
growth. I am excited to join the board of 
directors and to work alongside a group 
of talented and diverse directors. I look 
forward to contributing to the team as 
Markforged continues to scale and this 
nascent industry matures and trans-
forms modern manufacturing in the 
coming years.”

www.markforged.com
www.a-star.co  
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Ultimaker, Utrecht, the Netherlands, 
has launched a print core CC with 
a wear-resistant hardened steel 
nozzle for its S-line Additive Manufac-
turing machines. This now allows for 
broader manufacturing capabilities 
with high-strength composite mate-
rials such as carbon fibres, metals, 
ceramics, and glass. The print core is 
available in new 0.4 mm and updated 
0.6 mm sizes, replacing the print core 
CC Red 0.6 mm. The 0.4 mm-version 
is suited to composite applications 
with detailed features, thinner lines 
and a smooth surface finish, while 
the wider 0.6 mm results in a faster 
manufacturing time.

The wear-resistant print core CC is 
intended for applications that require 
extra stiffness and rigidity (e.g., func-
tional prototypes or manufacturing 

Ultimaker expands print core CC 
offerings to enable sinter-based 
metal and ceramic AM 

tools), whilst the hardened steel 
nozzle and titanium heat break extend 
the core’s durability. In addition to 
benefitting from the updated 0.6 mm 
design, users are now able to achieve 
more intricate designs with the 0.4 
mm nozzle. As the latter is a third 
smaller in diameter, users can addi-
tively manufacture parts that require 
higher visual quality and accuracy 
– key for metal Fused Filament Fabri-
cation (FFF).

The print core CC enables the 
Additive Manufacturing of over sixty 
composite materials in the Ultimaker 
system. Furthermore, the nozzles 
are easily swapped without using 
tools and the print core immediately 
appears in Ultimaker Cura software, 
after which users select the right 
manufacturing settings.

“Our customers need to innovate 
freely; Ultimaker continues to offer 
new solutions to address their biggest 
challenges,” stated Miguel Calvo, CTO. 
“The updated print core CC will allow 
innovators to print more detailed –and 
robust designs with high-strength 
materials with greater reliability. This 
opens the door for more industrial use-
cases for 3D printing, increasing the 
value this proven technology brings to 
manufacturers globally.”

www.ultimaker.com  

Ultimaker’s new print core CC will 
allow for broader manufacturing 
capabilities with high-strength 
composite materials such as carbon 
fibres, metals, ceramics, and glass 
(Courtesy Ultimaker)

www.carbolite-gero.com
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Digital Metal, part of Sweden’s 
Höganäs Group, has launched the 
DPS 1000 depowdering machine, 
said to be the world’s first commer-
cial automated depowdering station 
for metal Binder Jetting (BJT) Addi-
tive Manufacturing. The company 
also announced that a renowned 
German research institute is one of 
the first to invest in the new tech-
nology, along with a complete metal 
Binder Jetting system from Digital 
Metal.

“A key benefit of the DPS 1000 for 
Digital Metal customers is that it will 
free up time, and also bring consist-
ency by removing the human factor 
from the equation,” stated Alexander 
Sakratidis, Sales and Marketing 
Manager at Digital Metal.

The German research institute’s 
mission is to industrialise Additive 
Manufacturing technologies to 

Digital Metal launches automated 
depowdering station for metal Binder 
Jetting process

create resource-efficient products 
for the future.“Metal Binder Jetting 
will enhance productivity and 
precision while at the same time 
reducing costs of metal Additive 
Manufacturing, which opens the 
door for series production,” stated 
the Head of Process Department 
at the institute. “However, one 
major technical challenge is 
depowdering of the green parts and 
we see a huge potential in working 
on automation solutions in this 
context.” 

The customer was said to be 
impressed with the DPS 1000’s 
ability to precisely remove metal 
powder from most geometries of 
any parts, with the added manual 
cleaning option making it possible 
to clean complex components after 
the initial program has removed 
most of the powder.

Digital Metal has added the DPS 
1000 automated depowdering station 
for metal Binder Jetting to its AM 
solutions (Courtesy Digital Metal)

The DPS 1000 provides an automated 
depowdering solution for metal 
Binder Jetting (Courtesy Digital Metal)

Metal binder jetted parts undergoing 
the depowdering process (Courtesy 
Digital Metal)

Metal binder jetted parts depowdered (Courtesy Digital Metal)

The institute believes automated 
depowdering will be key to the 
industrialisation of AM, “To date 
manual depowdering and cleaning 
have taken up most of the work 
hours in the Binder Jetting process. 
Automating this step makes the 
whole AM process cost efficient 
while ensuring more consistent part 
quality,” added the Head of Process 
Department at the institute. 

Digital Metal’s DM P2500 Addi-
tive Manufacturing machine is 
based on its proprietary, high-
precision Binder Jetting technology. 
The automatically calibrated 
moving parts in the machine have 
an accuracy of 1 µm, which is said 
to offer excellent repeatability in 
serial production. With a build 
volume of 203 x 180 x 69 mm, the 
DM P2500 allows a fast, flexible and 
cost-effective production of metal 
parts directly from CAD data.

“With this system, we can easily 
test multiple different powders to 
enhance the print quality and make 
more precise predictions on the 
shrinking of the sintering process. 
It convinces with its precision, and 
even very delicate structures can 
be printed. We also appreciate 
the collegial and professional 
atmosphere when working with 
Digital Metal. It makes it easy to 
find common ground for innovative 
projects.”

www.digitalmetal.tech  
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BASF, Ludwigshafen, Germany has opened a new Center 
of Excellence laboratory for its Catamold® ready-to-
use Metal Injection Moulding feedstocks business in 
Shanghai, China. The new facility will act as the Asian 
market hub for BASF’s solutions and products for the 
MIM industry.

Timo Schollmeier, Director Global Business Manage-
ment Metal Systems BASF SE, stated, “BASF has 
consistently demonstrated dedication and leadership in 
providing MIM feedstock for reliable, high-volume metal 
parts production globally. Innovation and customer focus 
have always been mission critical for us and are well 
embedded in our DNA. The new investment strengthens 
our capability to turn product ideas of our customers 
into customised ‘ready-to-use’ MIM feedstocks for large-
scale production.”

“We are committed to drive growth in collaboration 
with our MIM customers in the region through involving 
customers early in the development process,” stated Dr 
Thorsten Staudt, Head of Global Center of Excellence 
Metal Systems, BASF SE. “Leveraging our global R&D 
know-how, the new lab allows our team to serve our 
customers faster with localised R&D capabilities.”

Dr Oliver Zhang, Head of Sales Metal Systems Greater 
China, added, “We see tremendous growth in the auto-
motive and information & communications technology 
(ICT) sectors in China, which are dynamic and fast-paced. 
We want to serve our customers in these industries with 
speed and the right innovation for success.”

www.basf.com  

BASF opens Shanghai Center 
of Excellence for Catamold

The EROWA PM 
Tooling System is 
the standard inter-
face of the press 
tools between the 
toolshop and the 
powder press 
machine.
Its unrivalled re- 
setting time also 
enables you to 
produce small  
series profitably.

PM Tooling 
System 

www.erowa.com

more info 

Centorr Vacuum Industries, headquartered in Nashua, 
New Hampshire, USA, announced it has received 
multiple orders for furnaces to be used in the MIM and 
metal Additive Manufacturing sectors.

It was stated that Centorr will supply two of its 
Sintervac AM furnaces, a furnace specifically developed 
to meet the needs of the Additive Manufacturing process. 
The furnaces will be fitted with graphite hot zones and 
operate in vacuum, partial pressure or positive pressure 
of argon, nitrogen, or forming gas, depending on the 
binder. The machines also have a dual trapping system to 
handle the process offgassing from binder jetted parts.

The company added that it will be installing a new 
Sintervac AM furnace this year at its Applied Technology 
Center for customer process development and proofing 
runs. The unit will also be available for toll work oppor-
tunities.

www.vacuum-furnaces.com  

Centorr Vacuum secures 
orders for MIM and AM 
furnaces
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EPMA workshop to focus on success 
stories and continuous improvement 
in MIM

The European Powder Metallurgy 
Association (EPMA) is organising a 
two-day Metal Injection Moulding 
seminar scheduled to take place 
October 27–28, 2021. Focusing on 
“success stories and continuous 
improvement in MIM,” the event is 
hosted by Arburg GmbH & Co KG 
at its headquarters in Lossburg, 
Germany. The organisers state that 
the seminar will represent a good 
opportunity to understand not only 
the many advantages of MIM, but 
also the main sources of error in the 
process, how to minimise them, and 
how to improve the overall quality of 
the parts produced.

MIM is gaining market share 
because of the wide range of alloys 
available with excellent properties, 

combined with reproducible toler-
ances, precision, surface roughness 
and high-quality finish, and a definite 
advantage in large series where 
tooling costs are less critical. But, 
the EPMA notes, improvement needs 
to continue, and the challenges and 
opportunities must be tackled and 
exploited, respectively.

Presentations from leading 
European MIM producers will introduce 
successful MIM case studies that show 
the development of the technology, 
with the rest of the programme devoted 
to interactive sessions on practical 
problems and solutions, including 
discussion among participants.

The predefined topics of two 
interactive sessions will be Digitisation 
and Simulation, and Sustainability. 

Participants will be encouraged to 
ask practical questions that will be 
discussed in the workshop Campfire 
Meetings, benefitting from an 
exchange of views with experienced 
MIM professionals.

The seminar will include a visit 
to Arburg’s production facilities, 
enabling participants to discover 
more about the leading European 
injection moulding machine producer.

Participation is advised for all 
engineers wanting to improve their 
knowledge in the practical side of 
Metal Injection Moulding, including 
those from part producing companies, 
end users, and academic research 
groups. Experts in related technolo-
gies such as sinter-based Additive 
Manufacturing, for instance, are also 
welcome. 

The registration deadline is 
October 13, with participant numbers 
limited to fifty.

www.seminars.epma.com
www.arburg.com  

It’s a matter of choice

www.cmfurnaces.com

High temp lab and industrial furnace 
manufacturer to the world
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info@cmfurnaces.com

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


DIGITAL METAL® IS A HÖGANÄS GROUP COMPANY DIGITALMETAL.TECH

w
w

w
.p

yr
am

id
.s

e
w

w
w

.p
yr

am
id

.s
e

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 

https://digitalmetal.tech/
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Industry News

MIMplus Technologies GmbH & Co. 
KG, Ispringen, Germany, part of the 
OBE Group, is expanding its offering 
for industrial metal Additive Manu-
facturing through a partnership 
with Headmade Materials GmbH, 
Würzberg, and its sinter-based Cold 
Metal Fusion (CMF) technology. CMF 
uses a titanium feedstock, process-
able on standard polymer Laser 
Beam Powder Bed Fusion (PBF-LB) 
machines, to manufacture a green 
part which is debound and sintered to 
obtain a fully-dense metal part.

MIMplus already successfully 
uses AM to have the right production 
technology in-house for a wide range 
of products. Compared to other AM 
technologies, however, CMF reput-
edly offers advantages when it comes 
to part spectrum; design freedom; 
cost-, time- and resource-savings, as 
well as scalability of production. The 

MIMplus Technologies adds 
Headmade’s Cold Metal Fusion

company hopes to leverage this into 
new solutions and unexpected possi-
bilities.

“We evaluated many sinter-based 
metal 3D printing technologies, but 
the Cold Metal Fusion technology 
from Headmade Materials, in the 
end, offered us the best combination 
of part quality, economic produc-
tion and an effortless integration into 
our production environment,” stated 
Harald Boeck, Managing Director of 
MIMplus.

Christian Fischer, Managing 
Director of Headmade Materials, 
added, “We are proud of this coopera-
tion and are pleased that MIMplus 
implements our Cold Metal Fusion 
technology as the next logical step 
into industrial metal 3D printing.”

www.headmade-materials.com
www.mimplus.de  

World PM2022 heads to Lyon; issues 
call for papers
World PM2022 Congress & Exhibi-
tion, organised and sponsored by 
the European Powder Metallurgy 
Association (EPMA), will take place 
in Lyon, France, October 9–13, 2022. 
The event will feature a world class 
technical programme, as well as a 
5000 m2 exhibition showcasing the 
latest developments from the global 
PM supply chain.

The organisers state that World 
PM2022 is set to attract industry 
leaders, decision-makers, respected 
academics and PM related companies 
and personnel from across the supply 
chain. Along with an exhibition, 
social events such as the welcome 
reception and gala dinner, will provide 
networking opportunities for those 
within the PM Industry.

The programme of plenary, 
keynote, oral and poster presenta-
tions will focus on all aspects of PM, 
including powder production and 
materials development, consolidation 

technologies, from PM, MIM and HIP 
to AM and beyond, applications, and 
new technologies for improving PM.

Exhibition
Running alongside the conference, 
the World PM2022 exhibition will 
bring together the entire Powder 
Metallurgy supply chain, including 
end-users, suppliers, researchers 
and delegates. Held in the Lyon 
Congress Centre, the event is 
expected to attract over 150 interna-
tional exhibitors.

Call for papers
In preparation for the event, authors 
are invited to submit abstracts 
of original, unpublished papers 
for presentation in the technical 
programme. Abstract submissions 
can be submitted online between 
November 1, 2021, and January 19, 
2022.

www.worldpm2022.com  

Sweden’s Höganäs AB has finalised 
its agreement with US-based KBM 
Advanced Materials for the supply 
of metal powders for both Metal 
Injection Moulding and Additive 
Manufacturing applications. KBM 
announced its unique sales plat-
form earlier this year, established 
to bridge the inventory gap between 
smaller lot customers and larger 
metal powder producers.

“Höganäs and KBM are a great 
culture fit for each other, as both 
companies emphasise offering 
superior service and creating value 
for our customers,” stated Jerome 
Stanley, Director of Global Sales 
for Customisation Technologies. 
“Höganäs’ high-quality products, 
broad capabilities, large scale, and 
global footprint coupled with a tech 
savvy, nimble and service focused 
distribution partner in KBM creates 
a very attractive offering for all 
customers regardless of the scale 
of their operations.”

KBM will offer products and 
services to consumers of AM 
and MIM powders in the USA 
and Canada as a first step. The 
business model results in KBM 
having large amounts of stock 
available for order at any given 
time, allowing customers to get 
their metal powder quickly and 
efficiently.

Höganäs states it will benefit 
from regular, predictable order 
patterns while reaching new 
customers through KBM’s 
platform. 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.

www.kbmadvanced.com
www.hoganas.com  

Höganäs finalises 
agreement to 
supply KBM’s MIM 
and AM powder 
sales platform
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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. 
 

1420 Toshiba Drive, Suite E
Lebanon, TN 37087 USA

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. 

Holo, a metal Additive Manufacturing 
company headquartered in Newark, 
California, USA, has launched Pure-
Form™ MicroAM, a high-resolution 
Additive Manufacturing platform 
capable of processing copper, stain-
less steel and other metals.

Based on a Vat Photopolymerisation 
(VPP) process, PureForm MicroAM can 
produce parts with features measuring 
less than 50 µm, enabling a wide range 
of applications including electrical 
components, jewellery, and medical 
and dental devices.

“Traditional manufacturing 
approaches, such as Swiss CNC, 
moulding and casting are either 
too costly for volume production or 
cannot produce complex parts with 
such fine features,” stated Hal Zarem, 

Holo launches 
high-resolution 
PureForm MicroAM 
platform

Holo’s CEO. “PureForm MicroAM 
enables our customers to access 
parts at a lower cost and produce 
geometries that cannot be made 
any other way.”

Holo introduced its PureForm 
technology earlier this year and is 
ramping up its 1900 m2 produc-
tion facility in the San Francisco 
Bay Area, where it has capacity to 

Micro inductor coils additively manufactured in a twenty-four piece array. 
Twenty such arrays can be additively manufactured simultaneously on one Holo 
PureForm AM machine (Courtesy Holo)

https://www.pim-international.com/
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produce tens of thousands of parts 
per month.

PureForm MicroAM is already 
said to have unlocked capabilities for 
customers in the electronics industry, 
producing fine-featured micro induc-
tors coils, built with 400 µm strands 
and in high-end custom jewellery. 

Simon Evans, Senior Manager, 
Diamond Centre Wales, commented, 
“We’ve been blown away by the reso-
lution and surface quality of the parts 
Holo can produce and are excited to 
explore the direct metal printing of 
jewellery with them. Leveraging the 
design freedom of additive and the 
fine features of PureForm will allow 
us to create truly unique, custom 
pieces for our clients that couldn’t 
be made using other manufacturing 
processes.”

Other AM applications that have 
been enabled by PureForm MicroAM 
include stainless steel biopsy scoops 
used in medical applications with 
sharp point features, down to 20 µm 
and dental abutments with additively 
manufactured functional threads that 
hold a 200 µm pitch. 

Arian Aghababaie, co-founder and 
Chief Strategy Officer, Holo, added, 
“We are excited to continue to offer 
new capabilities to our customers, 
enabling us to support a host of new 
MicroAM applications, from surgical 
equipment and dental, to micro-elec-
tronics, micro-robotics, consumer 
electronics and jewellery.”

Series B investment
In addition to introducing its Pure-
Form MicroAM, Holo has added 
two new investors, Lam Capital and 
Atreides Management, to its Series 
B investment round. The round 
included participation from existing 
investors Prelude Ventures, Tao 
Capital Advisors and Lightspeed 
Venture Partners.

A ring and setting designed by Diamond Centre Wales that takes advantage of 
the design innovations enabled by PureForm (Courtesy Holo)

Upon the closing of its latest 
financing round, Holo states that it 
plans to grow significantly in 2021 
and 2022, doubling the size of the 
company, accelerating the devel-
opment of its 3,000 cm3/hr high 
throughput production system and 

continuing to expand its materials 
portfolio.

Spun out of Autodesk in 2017, Holo 
was co-founded by the team that 
developed and led Autodesk’s Ember 
Additive Manufacturing product.

www.holoam.com  

Check out our Buyer’s guide...
Find new suppliers of materials, production equipment and finished MIM 
or sinter-based AM parts on pages 115-117

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


PIM International     September 202126 © 2021 Inovar Communications Ltd   Vol. 15 No. 3

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

Desktop Metal, Inc., Boston, Massa-
chusetts, USA, reports that it has 
qualified the use of 316L stainless 
steel for its Shop System™, a metal 
Binder Jetting (BJT) system designed 
for use in machine shops. Known for 
its corrosion resistance, high ductility, 
and excellent mechanical properties 
at extreme temperatures, 316L stain-
less steel is an austenitic stainless 
steel that is well-suited to demanding 
environments and applications, such 
as parts exposed to marine, pharma-
ceutical, or petrochemical processing, 
food preparation equipment, medical 
devices, surgical tooling, and 
consumer products such as jewellery.

“The launch of 316L for the Shop 
System is a part of an aggressive 
and extensive materials roadmap 
to broaden our AM 2.0 portfolio and 
address a rapidly expanding set of 
use cases for our print platforms,” 
stated Jonah Myerberg, co-founder 
and CTO of Desktop Metal. “We are 
fully focused on developing opportu-
nities for our customers to produce 
parts competitively with conventional 
manufacturing, and we are excited to 
be able to extend our binder jetting 
technology to meet this need and 
address key existing and emerging 
killer applications for 316L in the 
market.”

The Shop System offers a turnkey 
solution for producing complex, 
end-use metal parts in a fraction of 
the time and cost of conventional 

Desktop Metal 
qualifies 316L 
stainless steel for 
the Shop System

manufacturing and comparably priced 
legacy AM technologies. The system 
includes all the equipment machine 
shops need to begin BJT—from 
printing through sintering—and is 
designed to scale throughput with a 
range of build volume configurations.

Michael Shreeve, Business 
Development Manager, Precision 
Components, Wall Colmonoy Limited 
UK, commented, “Wall Colmonoy 
is excited to have 316L as a new 
option for the Desktop Metal Shop 
System. We look forward to opening 
up the additive route to many more 
customers and component types. This 
will be of particular interest to our 
customers as we support them with 
maintaining supply chains across a 
wide range of industry sectors, such 
as petrochemical, power generation, 
automotive, aerospace and more. As 
we build upon our existing expertise 
with wear-resistant alloys such as 
Colmonoy® and Wallex®, 316L on the 
Shop System will be a welcome addi-
tion to our Additive Manufacturing 
portfolio of materials.”

Desktop Metal shared the following 
key use cases for 316L stainless steel 
parts additively manufactured and 
sintered using the Shop System:

Bulb nozzle 
Custom spray nozzles are often used 
in chemical processing and with 
conventional manufacturing methods, 
such nozzles would typically be cast 
followed by extensive secondary 
machining on a five-axis CNC. 316L 
stainless steel is an essential mate-
rial for this part because of its 
excellent material properties, even 
at elevated working temperatures 
and while spraying corrosive fluids. 

Additive Manufacturing 316L stain-
less steel on the Shop System can 
reportedly produce the entire order 
of several hundred nozzles in less 
than a week with only one secondary 
thread-tapping operation required, 
reducing lead times and manufac-
turing process complexity.

Medical device closure 
Assembly closures can be used to 
latch and hold medical device compo-
nents in place. CNC machining these 
closures would be challenging given 
the precise geometries, while Metal 
Injection Moulding would require 
large investments and lead times 
for tooling, difficult to justify given 
the mid-volume requirements for 
the component. The Shop System 
can build up to 10,000 medical 
device closures in a week, without 
any tooling costs and without the 
extensive labour costs and time that 
machining would require. 316L stain-
less steel is an ideal material for 
medical components such as this 
closure, because of its corrosion 
resistance, which makes it easy to 
clean and sterilise.

Watch bezel 
A bezel is the main component that 
houses the dial and movement within 
a watch. With the Shop System, 
multiple different watch bezel models 
can be printed in each build, enabling 
mass customisation with no tooling 
required and minimal lead times. For 
consumer products, applications such 
as this bezel, 316L stainless steel is 
an ideal material since it allows for 
excellent corrosion resistance while 
maintaining high strength.

www.desktopmetal.com  

A bulb nozzle additively manufactured 
in 316L stainless steel on Desktop 
Metal’s Shop System (Courtesy 
Desktop Metal)

Medical device closures additively 
manufactured in 316L stainless steel 
on Desktop Metal’s Shop System 
(Courtesy Desktop Metal)

This watch bezel was additively 
manufactured in 316L stainless steel 
on Desktop Metal’s Shop System 
(Courtesy Desktop Metal)
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AIM3D GmbH, a spin-off company of the German University 
of Rostock who recently joined the MTC, has released a new 
generation of print heads for its Material Extrusion (MEX) 
process that it calls composite extrusion modelling (CEM). 
The new CEM-E2 extruder is a multi-material Additive 
Manufacturing print head that can produce metal (version 
‘M’), ceramics (‘C’) and plastics (‘P’).

The new extruders are said to offer improvement in 
accuracy, enabling a higher surface quality and better 
mechanical properties in the component. Extrusion speed 
has been increased by more than 200%, with manufacturing 
rates of up to 220 cm³/h with a 0.4 mm nozzle now possible.

“The material feed as well as an optional water cooling 
system and an improved holder for the quick-change system 
are all new developments,” stated Clemens Lieberwirth, 
CTO. “The patented CEM-E2 extruder with its parameters 
tailored to specific materials sets new standards in the CEM 
processes.”

The appeal of CEM technology lies in the use of an AM 
machine for multiple materials. In addition, cost savings 
can be achieved by dispensing with filaments in favour of 

Sweden’s Höganäs AB has announced that its North 
American Höganäs High Alloys facility based in Johns-
town, Pennsylvania, USA, recently expanded operations 
with the completed construction of a fine powder atomi-
sation building.

The 2,230 m2 facility extends production capabilities 
to produce cost-effective solutions within the surface 
coating, Metal Injection Moulding, and metal Additive 
Manufacturing markets, which is a part of the company’s 
long-term strategy to further grow the high alloy busi-
ness and support future growth for Höganäs.

Dean Howard, president of Höganäs Americas stated, 
“This is an exciting investment by Höganäs to support 
future metal powder requirements across several 
market segments. Utilising our extensive global foot-
print, we will effectively meet the needs our customers to 
help drive application and market development.”

www.hoganas.com  

AIM3D offers new, quicker 
multi-material extruder

Höganäs North America 
facility expands capacity for 
high alloy products

conventional pellets used. The most significant benefit, 
however, is said to be in the reduction in component 
build times through the direct use of pellets.

AIM3D is currently developing larger pellet AM 
machines in order to be able to manufacture larger 
parts and achieve even higher build rates. The launch of 
these products is planned for Formnext 2021 in Frank-
furt, Germany.

www.aim3d.de  

The CEM-E2 extruder allows manufacturing rates of up 
to 220 cm³/h with a 0.4 mm nozzle (Courtesy AIM3D)

Sign up to our newsletter and get 
the latest industry news straight to 
your inbox. 
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PowderMet2021: State of the MIM 
industry
The International Conference on 
Powder Metallurgy and Particulate 
Materials (PowderMet2021) was 
held in Orlando, Florida, USA, from 
June 20–23, 2021. Organised by the 
Metal Powder Industries Federa-
tion (MPIF), this year the event 
welcomed both onsite and online 
participants in a hybrid format due 
to the ongoing global COVID-19 
pandemic. The MPIF’s president, 
Dean Howard, began the event with 
a presentation reporting on the 
state of the North American Powder 
Metallurgy industry which, as a 
result of the pandemic, has endured 
one of the worst periods of declining 
production and sales in its history.

While general manufacturing 
was down in 2020, Metal Injection 
Moulding and metal Additive Manu-
facturing performed much better, 
stated Howard. Domestic and 
globally produced MIM and AM fine 
powders (less than 20 micrometres) 
consumed in North America 
increased an estimated 3—5% 
to 3,741—3,809 mt (4,125—4,200 
st). Low alloy and stainless steel 
made up the bulk of the powders 
consumed.

Howard added that improving 
powder quality, most recently driven 
by AM, including a narrower particle 
size distribution range, greater 
sphericity, fewer satellites, and 
less internal porosity, will improve 
throughput, mechanical properties, 
and overall process consistency. 
Typically, these powders are 
manufactured by gas atomisation, 
but capacity has been added 
recently for plasma atomisation and 
research continues to develop water 
atomised low-alloy materials for 
MIM and AM.

Industry sources don’t see 
radical changes on the horizon for 
injection moulding machines, other 
than applying Internet of Things 
utilities and augmented intelligence 
to reduce labour while increasing 
productivity, stated Howard. 

There continues to be a need 
for additional thermal treatment 
equipment for MIM and AM. Research 
activities continue to provide new 
insight into identifying ideal tempera-
ture and atmosphere conditions for 
more efficient energy utilisation and 
process optimisation.

“It is safe to say that the 
partition between MIM and AM 
processes is disappearing. At least 
a dozen MIM companies have 
added in-house AM capabilities 
or are collaborating with others, 
bringing parts to market quicker, 
using the same powders, without 
the need for tooling. When quantity 
levels justify, the parts can be 
moved to MIM,” added Howard. 

www.mpif.org  
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Carpenter Technology Corporation, 
Philadelphia, Pennsylvania, USA, 
has announced financial results for 
the fiscal fourth quarter and year 
ending June 30, 2021. For the quarter, 
the company reported a net loss of 
$57.1 million.

“Our fourth quarter results 
finished ahead of our expectations as 
overall end-use market conditions 
showed further signs of recovery. 
We continued to actively manage 
our business,” stated Tony R Thene, 
president and CEO. “We generated 
$43 million in free cash flow in the 
quarter and finished the fiscal year 
with $582 million in total liquidity, 
including $287 million of cash on 
hand.”

“Fiscal year 2021 has been a 
challenging – yet successful – year 
for Carpenter Technology,” Thene 
continued. “Over the past year we 
executed various portfolio initia-
tives and targeted cost reductions, 
further implemented the Carpenter 
Operating Model to secure notable 
productivity gains and generated over 
$130 million of free cash flow. We 
also expanded and further strength-
ened key customer relationships and 
added additional qualifications for our 
Athens (Alabama) facility.”

Carpenter Technology reports Q4 
and fiscal year 2021 results

“Our efforts will prove critical to 
our position as demand conditions 
across our end-use markets are 
strengthening and we believe the 
beginning of a broad-based recovery 
is taking shape,” he added. “We 
remain a critical solutions provider for 
our customers and have successfully 
deepened our relationships during the 
downturn. The long-term outlook for 
our end-use markets remains attrac-
tive and we are well-positioned, given 
our mission-critical solutions coupled 
with leading capabilities and estab-
lished supply chain position.”

Net sales for the fourth quarter 
of fiscal year (FY) 2021 were $421.6 
million compared with $437.3 million 
in the fourth quarter of FY2020, a 
decrease of $15.7 million (-3.6%) 
on flat volume. Net sales excluding 
surcharge were $348.1 million, a 
decrease of $27.8 million (-7.4%) from 
the same period a year prior. Oper-
ating loss was $70.7 million compared 
to an operating loss of $148.2 million 
in Q4 2020. Adjusted operating loss 
excluding special items was $12.5 
million in the recent fourth quarter 
compared to an adjusted operating 
loss of $8.9 million a year ago.

Special items excluded from 
adjusted operating loss in the current 

German equipment manufacturer 
Xerion Berlin Laboratories has 
announced that it is partnering with 
Listemann Technology AG, Bendern, 
Lichtenstein, a company with 
extensive Metal Injection Moulding 
expertise, to enable Listemann to 
further develop its sinter-based metal 
Additive Manufacturing processes. 
The partnership will, it is stated, 
enable Listemann to explore the 
limits of its existing materials port-
folio and exploit the performance 
capabilities of new materials.

Listemann adds AM debinding and 
sintering line from Xerion

Listemann has placed an order 
with Xerion to supply its produc-
tion system for sinter-based metal 
Additive Manufacturing. The system 
purchased comprises a solvent 
debinding system and a combined 
debinding/sintering furnace, the 
XVAC. With these additions, the 
company will be able to process 
small and medium series of high-
quality additively manufactured 
components.

Xerion’s recently developed series 
of systems for solvent debinding of 

AM components allows a fully auto-
mated process, including monitoring 
of all relevant parameters. A special 
feature is that there is no explosion 
protection zone requirement around 
the machine and, therefore, no 
special measures have to be taken 
at the installation site.

The XVAC series sintering 
furnace can be used to process 
components in both high vacuum 
and inert gas atmospheres, 
including 100% hydrogen. The 
design, with a movable floor, is 
used for ergonomic loading and 
unloading.

www.listemann.com
www.xerion.de  

quarter totalled $58.2 million. This 
includes non-cash LIFO decrement 
charges totalling $52.2 million, of 
which $47.9 million is included in 
the Specialty Alloys Operations (SAO) 
segment operating loss and $4.3 
million is included in the Performance 
Engineered Products (PEP) segment 
operating loss in Q4 2021. The LIFO 
decrement charges are non-cash 
charges associated with reducing 
inventory and liquidating LIFO layers 
that have historical costs in excess of 
the current year inventory costs.

The special items in the current 
quarter also include $1.6 million of 
inventory write-downs from restruc-
turing, $1.5 million in restructuring and 
asset impairment charges associated 
with executing against plans to stream-
line Carpenter’s Additive business 
units, and $2.9 million of costs associ-
ated with COVID-19.

“Looking ahead, our focus is centred 
on capitalising on emerging opportuni-
ties across our end-use markets as 
conditions further improve,” Thene 
added. “We are a leaner and more 
flexible company and remain a critical 
solutions provider across our end-use 
markets. Our strong position in our 
core business is supported by our 
capabilities in key emerging areas 
including electrification and Additive 
Manufacturing that further support our 
long-term growth profile.”

www.carpentertechnology.com  
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BASF’s Forward AM has opened a 
new Additive Manufacturing Technical 
Center (AMTC) in Shanghai, China, in 
cooperation with Xuberance, an AM 
design company established in Vienna 
and now based in Shanghai. The 
new facility, located in the Shanghai 
Lingang Songjiang Science Park, 
aims to serve as a hub of expertise 
for solutions and materials for the AM 
market in China and the rest of Asia.

Through the AMTC, the companies 
are combining their knowledge and 
experience to offer customers fully 
integrated AM solutions. Forward 
AM has installed more than twenty 
AM machines, including those using 
Powder Bed Fusion (PBF) and Fused 
Filament Fabrication (FFF) tech-
nology.

The cooperation between Forward 
AM and Xuberance was supported 
by an investment by BASF Venture 

BASF’s Forward AM opens new 
Shanghai AM technology centre

Capital in Xuberance. This invest-
ment was made in the hope of 
strengthening BASF’s place in the 
AM sector, enabling Xuberance to 
further accelerate its own growth in 
the Asia-Pacific region.

“The establishment of the 
new AMTC in Shanghai marks an 
important step for us, as we are 
now able to offer customers in 
Asia-Pacific a perfectly integrated 
service – from consultancy, through 
our high-performance materials, 
to direct component printing and 
great design services for successful 
3D printing,” stated François 
Minec, Managing Director, BASF 
3D Printing Solutions. “We are 
confident the AMTC will become a 
key hub for Additive Manufacturing 
in this region, strengthening our 
capability to co-innovate with our 
customers.”

Leirah Wang, Managing Director, 
Xuberance, commented, “For us, 
Forward AM’s cutting-edge mate-
rials and comprehensive industrial 
expertise, especially in simulation and 
surface finishing, ideally complement 
our expertise in services and design 
offerings. We are proud to jointly 
develop integrated and innovative 
solutions for Additive Manufacturing, 
tailored to customer needs in Asia-
Pacific.”

www.forward-am.com  

BASF Forward AM opens new Additive 
Manufacturing Technical Center 
in Shanghai in Cooperation with 
Xuberance (Courtesy BASF)
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The programme committee for the 
International Conference on Powder 
Metallurgy & Particulate Materials 
(PowderMet2022), which is scheduled 
to take place at the Portland Conven-
tion Center, Portland, Oregon, USA, 
on June 12–15, has issued a call for 
papers and presentations covering 
the latest developments in Powder 
Metallurgy materials, processes, and 
applications.

Sponsored by the Metal Powder 
Industries Federation (MPIF) and 
its affiliate APMI International, 
the four-day event is co-located 
with the Additive Manufacturing 
with Powder Metallurgy Confer-
ence (AMPM2022). The technical 
programme co-chairmen for 2022 are 
Paul Hauck of SSI Sintered Special-
ties and Tim McCabe of OptiMIM.

“The annual PowderMet confer-
ence is the Powder Metallurgy 
industry’s strategic networking event, 
bringing delegates face-to-face, 
exposing the latest research and 
development, celebrating industry 
achievements, and more,” stated 
James P Adams, Executive Director/
CEO, MPIF. “North America’s largest 
exhibit, a collection of leading 
suppliers and service providers for 
PM, particulate materials, and metal 
Additive Manufacturing applications, 
will provide the cutting-edge advance-
ments in the industry.”

Abstracts covering any aspect 
of PM and particulate materials 
technology are invited, including the 
following:

Call for papers issued for 
PowderMet2022 and AMPM2022

View our Advertisers’ 
index & buyer’s guide 
on pages 115-117

Looking for 
suppliers of 
materials, 
production 
equipment and 
finished MIM or sinter-based 
AM parts?

• Design & modelling of PM mate-
rials, components & processes

• Particulate production

• General compaction & forming 
processes

• Powder Injection Moulding 
(metals & ceramics)

• Pre-sintering & sintering

• Secondary operations

• Materials

• Refractory metals, carbides & 
ceramics

• Advanced particulate materials & 
processes

• Material properties

• Test & evaluation

• Applications

• Management issues

The abstract submission deadline 
is November 5, 2021. 

www.powdermet2022.com  
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ExOne and Maxxwell Motors 
develop Binder Jetting 
process for copper winding in 
electric motors
The ExOne Company, North Huntingdon, Pennsylvania, 
USA, has announced that it is collaborating with Maxxwell 
Motors, a startup based in Tennessee, USA, to develop 
a unique copper e-winding design for its innovative axial 
flux electric motors which can be used in electric cars as 
well as a range of other heavy-duty vehicles and industrial 
devices.

The companies explain that they have successfully 
proven a new concept for the binder jet Additive Manufac-
turing of a high-efficiency design in copper that eliminates 
many of the challenges that come with traditional manu-
facturing. Additional development and testing are now 
underway.

Optimised copper windings and rotors in electric 
motors are among the factors enabling the automotive 
industry’s transition to hybrid and pure electric power 
vehicles. However, current methods of manufacturing the 
windings are costly, inefficient, and limit designs in a way 
that also limits their performance.

Founded in 2018 and based on a vision of improving 
how electric motors are designed and manufactured, 
without rare-earth magnets, Maxxwell holds nine US 
and global patents and has launched two products: a 
10 kW air-cooled motor generator and a 150 kW liquid-
cooled motor.

The company is led by chairman Gary Wells, the 
former CEO and current board member of Wells’ Dairy, 
maker of Blue Bunny and other ice cream brands, 
and CEO Michael Paritee, a former General Motors 
executive who managed several advanced vehicle 
programmes and has guided technology firms for more 
than a decade.

“When we 3D print it, a lot of the challenges just go 
away, and we can actually improve the performance 
of the motor itself,” stated Paritee. “At Maxxwell, 
we’re taking the most sustainable, and Additive Manu-
facturing, point of view as possible to truly improve 
efficiency, reduce waste and optimise performance.”

Maxxwell’s goal is to binder jet winding assemblies 
as a monolithic piece, eliminating the need for coil 
wrapping, bending, tooling, and welding of individual 
parts together. When produced with Binder Jetting, the 
final part would reportedly require less manufacturing 
steps and energy utilisation, as well as less material 
waste to produce – also resulting in components that 
are more efficient and deliver improved performance.

John Hartner, ExOne’s CEO, added, “The ExOne team 
is proud to work with both traditional manufacturers 
and visionary startups working to change the world with 
innovative concepts such as these. As the automotive 
industry enters a new era of electrification, our world-
class team of engineers stands ready to help solve 
some of the most pressing challenges with our binder 
jet 3D printing technology.”

www.exone.com
www.maxxaf.com  

ExOne and Maxxwell have successfully proven a new 
concept for Binder Jetting a high-efficiency copper 
e-winding design that eliminates many of the challenges 
that come with traditional manufacturing of copper coils 
for electric motors (Courtesy The ExOne Company)
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Desktop Metal, Inc, Burlington, 
Massachusetts, USA, has qualified the 
use of titanium alloy Ti6Al4V for its 
Studio System 2™ metal AM system; 
a Material Extrusion (MEX) machine 
which is aimed at low-volume, pre-
production and end-use applications. 
The company will begin shipping 
Ti6Al4V next month and believes that it 
is the first and only company to make 
the material commercially available 
for MEX-based metal AM technologies.

Ti6Al4V is the most widely used 
titanium alloy due to its high tensile 
strength, corrosion resistance and 
biocompatibility. With a high strength-
to-weight ratio, Ti6Al4V is considered 
an ideal material for high-performance 
production applications in industries 
such as aerospace and defence, auto-
motive, and oil and gas. In addition, its 
biocompatibility makes it particularly 
desirable in medical applications, such 
as for surgical devices and implants.

Desktop Metal qualifies Ti6Al4V for 
the Studio System 2

“Titanium has been a challenging 
material for bound metal 3D printing 
because it is both extremely reactive 
in powder form and difficult to sinter,” 
stated Jonah Myerberg, co-founder 
and CTO of Desktop Metal. “We are 
excited to be the first to commercialise 
the most common titanium alloy, 
Ti6Al4V, for 3D printing through our 
Studio System 2 solution, opening the 
door to more accessible production of 
high-performance titanium parts.”

Tensile properties include 730 MPa 
yield strength, 845 MPa ultimate 
tensile strength, and 17% elonga-
tion. These mechanical properties 
exceed those set by ASTM F2885-17 
standards for MIM surgical implant 
applications.

Desktop Metal shared a number of 
use cases for Ti6Al4V parts additively 
manufactured by the Studio System 2, 
including a machine bracket designed 
using a gyroid lattice infill and tita-

nium in place of 17-4PH stainless 
steel to reduce weight and mate-
rial, while maintaining the required 
functional strength and stiffness. The 
resulting geometry would be impos-
sible to produce using conventional 
manufacturing processes due to 
its complexity. Additively manufac-
turing this new design on the Studio 
System 2 in Ti6Al4V reduced the part 
weight by 59%.

www.desktopmetal.com  

This machine bracket has been 
designed using a gyroid lattice infill. 
AM reduces the part weight by 59% 
(Courtesy Business Wire)
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Metal Additive Manufacturing tech-
nology company 3DEO, Los Angeles, 
California, USA, reports that it 
has shipped its millionth produc-
tion part: a safety razor product for 
Blackland Razors. This achievement 
comes within less than two years 
of commercialising its patented AM 
technology in 2020.

“3DEO has been on an exponential 
growth curve for the last six quarters 
and we are already booking orders 
into 2023,” stated Matt Petros, the 
company’s CEO. “With over fifty 
customers in recurring mass produc-
tion, our business model creates a 
strong foundation for future growth. 
We already have the bookings to 
more than triple revenue this year 
and we are expecting to triple again 
next year. All of this is possible 
because of 3DEO’s Manufacturing 
Cloud.”

To scale its patented metal AM 
machines for mass production, 3DEO 
built its integrated platform – the 
Manufacturing Cloud™. This plat-
form integrates proprietary software, 
Additive Manufacturing, robotics, 
materials and process and is said to 
allow customers to launch and scale 
better products, faster. 3DEO’s cloud 
reportedly removes the time and risk 
associated with traditional product 
development; it is also solving some 
of the nation’s biggest supply chain 
issues.

3DEO states that its Manufac-
turing Cloud has scaled metal AM 
to unprecedented levels and, for the 
first time, is competing with tradi-

3DEO produces 
one-millionth 
customer part 
using unique sinter-
based AM process

tional manufacturing methods such 
as CNC machining and Metal Injection 
Moulding, even in high produc-
tion volumes. Working with leading 
companies in the medical device, 
aerospace, defence, automotive and 
consumer packaged goods industries, 
3DEO’s average customer’s annual 
order quantity is reported to be over 
20,000 parts per year. In addition, 
new customers expanded their order 
quantities over ten times within the 
first twelve months of working with 
the company.

Petros added, “Megatrends 
are converging to create a unique 
moment in time for manufacturing 
in America, including supply chain 
chaos, reshoring, accelerated adop-
tion of 3D printing and the need for 
environmentally friendly manufac-
turing. Put all of this together and 
you have a perfect storm for 3DEO 
to lead a resurgence in American 
manufacturing. We’re at the centre 
of it all and scaling as quickly as we 
can to keep up.”

www.3deo.co  

Submitting news to PIM Interna-
tional is free of charge and reaches 
a global audience. For more 
information, contact Nick Williams: 
nick@inovar-communications.com
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Bluclad SpA, a Florentine electro-
plating company active in the fashion 
and luxury market, and Progold SpA, 
Vicenza, Italy, an Additive Manufac-
turing alloy provider in the high-end 
jewellery sector, have signed an 
agreement to merge their business 
activities. The merger is intended to 
lead to the creation of an integrated 
platform serving leading brands in the 
luxury and jewellery sectors via the 
sharing of the two companies’ institu-
tional knowledge.

“We are delighted with the 
conclusion of this collaboration and 
integration agreement between 
Bluclad and Progold,” stated Marco 
Eruli, chairman and CEO of Bluclad, 
and Leandro Luconi, Technical 
Director. “Although operating in 
different sectors of the luxury market, 
our companies are perfectly comple-
mentary, and the integration between 
the two companies will certainly lead 
to the creation of a global player and 
reference point also in the sector of 
components for high-level alloys and 
master alloys.”

Damiano Zito, Progold CEO, added, 
“Our business models are perfectly 
matched and form the basis of the 
strategic decision taken. We will face 
the future by bringing our customers 
to exploit the value that Bluclad will 
pour into the galvanic product line 

Bluclad and 
Progold merge 
to serve luxury 
market

created specifically for the goldsmith 
sector. We are confident that our 
customers will be as satisfied as 
we are with this addition to our core 
offering. This is the beginning of a 
new phase of growth for Progold, a 
dream shared with four friends whose 
valuable support has enabled the 
company to become a leader in its 
reference market twenty-five years 
later and to be ready today to seize 
this opportunity.”

The integration was supported by 
Gioconda, the Italian branch of LBO 
France, an independent operator and 
reputedly one of the most significant 
private equity players in Europe with 
€6.3 billion of capital raised. The 
company was already the majority 
shareholder of Bluclad through its 
Small Cap Opportunity fund.

“Bluclad and Progold are a classic 
example of companies in which we 

are enthusiastic about investing, 
thanks to a strong and cohesive 
management team, a market lead-
ership position, a strong orientation 
towards growth and innovation,” 
commented Arthur Bernardin, 
Managing Director of Gioconda. 
“The integration of Progold (that will 
be subject to bank approval and all 
law-related authorisations) is part 
of a strategy of constant support for 
growth, like in the implementation 
of extraordinary operations such as 
this one, and fits perfectly into the 
market trend that sees the fashion 
world increasingly pervading jewel-
lery. We are, therefore, thrilled to 
have created a unique operator in 
its reference market, capable of 
supplying the most innovative prod-
ucts in the sector.”

www.bluclad.it
www.progold.com  

Progold uses Additive Manufacturing to produce unique jewellery designs 
(Courtesy Progold SpA)

Xometry, Inc, Gaithersburg, Maryland, 
USA, has announced the avail-
ability of instant quoting on metal 
Binder Jetting (BJT) in its Instant 
Quoting Engine. Parts will be made 
through Xometry’s partner The ExOne 
Company, North Huntingdon, Penn-
sylvania, USA.

“We’re thrilled to add another 
3D printing process to our Instant 

Xometry adds Binder Jetting from 
ExOne to Instant Quoting Engine

Quoting Engine in partnership 
with ExOne,” stated Bill Cronin, 
Chief Revenue Officer, Xometry. 
“Our customers can now get 
quotes on affordable, high-
strength metal additive parts in 
just seconds. The new capability 
is the latest example of the flex-
ibility of our platform and our 
drive to expand the manufacturing 

processes offered through our 
marketplace.”

John Hartner, ExOne’s CEO, 
added, “Whether customers are 
interested in low or high volumes, 
our technology offers a fast and 
affordable option in a wide range 
of metals. That includes X1 Metal 
420i™, a steel-bronze matrix that 
is one of the most affordable and 
durable 3D printed metals on the 
market today.”

www.xometry.com
www.exone.com  
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Sandvik AB, headquartered in Stock-
holm, Sweden, has released its 
interim report on the second quarter 
of 2021. Revenues increased organi-
cally by 22%, while adjusted operating 
profit increased by 19.1% to SEK 4,469 
million (Q2 2020: 2,837). Order intake 
saw organic growth of 43% to SEK 
25,857 million.

Demand strengthened both year 
on year and sequentially across most 
regions, with the largest increase 
noted in Europe (+63%) and North 
America (+49%). Asia, mainly driven 
by China, grew strongly year on year, 
albeit at a slower rate due to more 
challenging comparables than in the 
other regions. Changed exchange 
rates had a negative impact of -6% on 
both order intake and revenues.

Sandvik Materials Technology
Sandvik Materials Technology saw 
increased order intake (74%) and a 
decrease in revenue (-4%). Organic 
revenue was reported to be nega-
tively impacted by weak backlog for 
umbilicals, which was somewhat 
offset by strong development in 
consumer-related segments, indus-
trial heating and application tubing. 
Strong increases in order intake were 
reported from all regions compared 
with the corresponding period in the 
preceding year.

During the second quarter, the 
Kanthal division within Sandvik Mate-
rials Technology signed a strategic 
partnership with HYBRIT (Hydrogen 
Breakthrough Ironmaking Tech-
nology) in order to produce fossil-free 
heating.

Sandvik Manufacturing and 
Machining Solutions
Sandvik Manufacturing and Machining 
Solutions saw order intake (+44%) 
and revenues (+33%) increase year on 
year, driven by automotive and engi-
neering. The strongest year-on-year 
growth in order intake was noted in 
North America and Europe of 48% 
and 50%, respectively. Growth of 23% 
was recorded in Asia.

Sandvik Group releases interim results 
for the second quarter of 2021

Three acquisitions were announced 
during and after the quarter: agree-
ments were signed by Sandvik 
Manufacturing to acquire Cambrio, a 
company with an end-to-end portfolio 
in CAD/ CAM software for manu-
facturing industries and DWFritz, a 
global provider of precision metrology, 
inspection and assembly solutions 
for advanced manufacturing. Sandvik 
Machining Solutions, meanwhile, 
signed a deal to acquire Fanar.

Sandvik Mining and Rock Technology
Sandvik Mining and Rock Technology 
reported order intake and revenues 
increases of 31% and 21%, respec-
tively. The organic order intake is 
well above the levels seen prior to 
the COVID-19 pandemic, with high 
demand in load & haul, underground 
drilling and surface drilling. 

During the quarter, Sandvik 
signed an agreement to acquire 
Tricon Drilling Solutions Pty. Ltd. On 
July 7, Sandvik completed the previ-
ously announced acquisition of DSI 
Underground, a global actor in ground 
support and reinforcement prod-
ucts, systems and solutions for the 
underground mining and tunnelling 
industries.

Stefan Widing, president and CEO 
of Sandvik, commented, “We are, 
indeed, operating in a different busi-
ness environment compared with a 
year ago, with stronger momentum 
for both our short and long-cycle 
businesses. The economic recovery 
and high demand are posing some 
challenges on a global scale, with raw 
material and component shortages, as 
well as container and port imbalances, 
to name a few. While the impact of this 
is difficult to predict, I feel confident in 
the underlying business momentum. 
We are seeing strong demand for 
our products and services, and are 
combining this with solid operational 
execution and profitability levels. We 
are also stepping up the pace of acqui-
sitions, firmly executing on our shift to 
growth ambition.”

www.home.sandvik.com  
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New additive manufacturing facilites 
for prototypes and short batches.
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— Additive manufacturing
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Markforged, Watertown, Massa-
chusetts, USA, has announced 
the appointment of John Howard 
as its new vice president of 
engineering. In this role, he will 
lead Markforged’s hardware 
engineering team, reporting to 
president and CEO Shai Terem.

Howard has over thirty years 
of experience in engineering 
and product design, including 
the development and launch of 
multiple high-volume products 
for Fortune 100, mid-cap and 
start-up companies. Howard 
spent a decade at Lab126, the 
development group for Amazon’s 
Kindle eReader, Fire TV and Echo 
products, most recently leading 
advanced product development 
as the Director of Advanced Prod-
ucts.

Markforged appoints John Howard 
vice president of engineering

Earlier in his career, he managed 
PowerBook product design at Apple, 
and has also held senior develop-
ment and engineering positions at 
medical device companies, including 
Intuity Medical and Nektar Thera-
peutic.

“At Markforged, we’re constantly 
innovating to ensure our customers 
can overcome very real manufac-
turing supply chain challenges,” 
stated Terem. “John has spent more 
than three decades leading teams 
dedicated to building and evolving 
complex platforms so that they meet 
both today’s and tomorrow’s needs. 
His creative thinking and extensive 
innovation skills are just what Mark-
forged needs as we accelerate our 
product roadmap and enable our 
customers to print whatever they 
imagine at the point of need.”

Since 1989, Howard has 
been a consulting associate 
professor in mechanical design 
at Stanford University. As a 
student at Stanford, he earned a 
Bachelor of Science in Mechanical 
Engineering and a Masters in 
Science in Manufacturing Systems 
Engineering.

“I’ve spent my career creating 
products and platforms that 
deliver real value to their users’ 
lives,” commented Howard. “Since 
the launch of its first printer, 
Markforged’s creative approach to 
solving manufacturing and supply 
chain challenges has made it one 
of the Additive Manufacturing 
industry leaders. I’m looking 
forward to being part of this 
engineering team as Markforged 
continues to expand the reach of 
the Digital Forge and position itself 
for even more growth in the years 
to come.”

www.markforged.com  
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Tekna Holding AS, Sherbrooke, 
Quebec, Canada, has announced that 
Luc Dionne has been appointed as its 
new Chief Executive Officer. Dionne 
succeeds Morten Henriksen, who 
has been appointed chairman of the 
company’s board. Dionne has acted as 
the CEO of Tekna Holding Canada and 
its global subsidiaries since 2014, with 
experience from various directorships 
and executive management posi-
tions in advanced materials research, 
aerospace, microelectronics and 
defence. Since joining Tekna, Dionne 
has overseen a threefold growth in 
the company’s revenues, built a global 
customer portfolio composed of over 
two dozen Fortune 500 companies 
and expanded the company’s opera-
tions worldwide. 

Tekna appoints 
Luc Dionne as CEO 
and reports solid 
financial results

“I am honoured to serve as Tekna’s 
CEO and to be given the opportunity to 
implement our vision of taking a lead-
ership position in three multi-billion-
dollar markets: Additive Manufac-
turing, printed electronics and energy 
storage,” added Dionne. 

Solid financial results
In a further announcement, the 
company reported a solid second 
quarter 2021, with revenues rising 
95% to CAD $7.4 million (Q2 2020: 
$3.8 million), amid growth in recur-
ring powder sales and a growing 
customer portfolio.

“Tekna extended positive revenue 
growth momentum into the second 
quarter, posting a 95% increase year-
on-year, while materials revenue 
more than doubled in the period,” 
stated Dionne. “I am proud to say that 
we have already secured 88% of the 
company’s full-year revenue target.”

The company also announced two 
major new contracts in the period: 
a multi-year joint development 

agreement with LG Chem to develop 
new materials that will improve 
the storage capacity and the cycle 
stability of lithium-ion batteries, and a 
three-year agreement for titanium AM 
powder with Airbus. 

Tekna has launched a CAD $16 
million investment programme to 
scale up capacity in all three powder 
business segments to deliver on 
accelerating growth. In addition, the 
company has approved the commis-
sioning of a new AM powder atomiser 
in France, to meet growing demand 
generated from ImphyTek Powders, 
a Tekna and Aperam joint venture 
serving the aerospace, medical, and 
automotive industries.

“Looking ahead, all the market 
indicators we are monitoring are posi-
tive,” added Dionne. “The number of 
orders and the average order size of 
materials sold in the Additive Manu-
facturing segment are increasing, 
while new sales channels are 
opening-up in consumers electronics.

www.tekna.com  

Kennametal Inc., Pittsburgh, 
Pennsylvania, USA, has launched 
KAR85-AM-K, its most corrosion 
resistant tungsten carbide grade 
for metal Additive Manufacturing. 
KAR85-AM-K is reported to 
combine the wear performance 
of conventional tungsten carbide 
with the design flexibility of AM to 
produce high-performance parts 

Kennametal’s most corrosion resistant 
tungsten carbide grade for AM

for oil and gas, power generation 
and other demanding applications. 
Combined with Kennametal’s Binder 
Jetting (BJT) Additive Manufacturing 
capabilities, KAR85-AM-K is said 
to provide properties comparable 
to conventional CN13S grade. 
Components made with the new 
material are already in field trials with 
select customers.

“Kennametal is leading the way 
in tungsten carbide Additive Manu-
facturing by combining the superior 
wear and corrosion resistance of our 
new KAR85-AM-K grade with deep 
expertise in binder jet 3D printing,” 
stated Jay Verellen, General Manager, 
Kennametal Additive Manufacturing. 
“With this new grade, we’re delivering 
the best of both worlds for our 
customers—the highly desirable 
material properties of conventional 
tungsten carbide with the design 
flexibility of additive—for high 
performance components that go 
the distance in the most demanding 
applications.”

The new grade composition 
features a proprietary blend of cobalt, 
nickel, and chromium for improved 
corrosion resistance compared to 
standard cobalt-based tungsten 
grades. It is Kennametal’s second 
commercial carbide grade developed 
for use in its BJT processes and 
the latest addition to the business’s 
portfolio of high-performance metal 
powders optimised for AM.

www.kennametal.com  
Kennametal offers a range of powders for Additive Manufacturing, including 
the new KAR85-AM-K grade (Courtesy Kennametal)
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The ExOne Company, North Huntingdon, Pennsylvania, 
USA, has expanded its Adoption Center in Europe with the 
addition of metal binder jet Additive Manufacturing capabili-
ties. Until now, the adoption centre, situated in Gersthofen, 
Germany, has primary additively manufactured sand moulds 
and cores for metal casting; the addition of metal Binder 
Jetting (BJT) enables it to offer end-to-end engineering 
services such as benchmarks, design support, and mate-
rials, process and work cell development.

The mission of ExOne’s Adoption Centers, with locations 
in the US, Germany, and Japan, is to allow customers to 
try metal BJT for their designs before they decide to buy 
an AM machine for their own production. The European 
centre now features two of ExOne’s Innovent+® machines, 
and an X1 25Pro®, X1 Metal DesignlabTM and X1FTM furnace 
will be installed soon, next to the production line of the X1 
160ProTM, described as the world’s largest metal Binder 
Jetting system. 

“Now, manufacturers throughout Europe can benefit 
from locally produced binder jetted metal designs and 
benchmarks along with world-class engineering consulta-

ExOne adds metal binder jet 
Additive Manufacturing to 
European Adoption Center

An engineer works with an ExOne Binder Jetting 
machine at the European Adoption Center in Gersthofen, 
Germany (Courtesy The ExOne Company)

tion and support,” stated John Hartner, ExOne’s CEO. 
“We encourage manufacturers to take advantage of the 
high speed, low cost, and industry-leading quality that 
our patented Binder Jetting technology can deliver for 
even the most complex designs.”

“Our centralised location outside of Munich gives 
manufacturers the opportunity to see metal Binder 
Jetting in action and work closely with our expanded 
metal team on precision metal parts projects,” added 
Eric Bader, Managing Director. “This expansion is 
supported by increased interest in metal Binder Jetting 
in Europe as the technology matures.”

www.exone.com  

PMTi2022 set to take place 
in Montréal in August
The Powder Metallurgy and Additive Manufacturing of 
Titanium (PMTi2022) conference is scheduled to take 
place at McGill University, Montréal, Québec, Canada, 
on August 29–31, 2022. It will be the first time that the 
conference has been located in Canada, with previous 
editions taking place in Australia, New Zealand, 
Germany, China, and the US.

Organised by the Metal Powder Industries Federation 
(MPIF), the three-day event will bring together experts 
on the PM, MIM and AM processing of titanium and 
titanium alloys. The technical programme will cover a 
wide range of relevant topics including the following:

• Powder production

• Compaction and shaping, including MIM and AM

• Sintering

• Mechanical properties

• Microstructure vs property relationships

• PM Ti alloys including TiAl, and PM Bio Ti materials

• Modelling

• Applications

Authors wishing to submit a paper for the event have 
until the abstract deadline of April 1, 2022. Further 
details are available through the event website.

www.pmti2022.org  
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The Art of Making Precision

Ti-6Al-4V MIM Production

ElementPlus provides MIM solution to customers from electronics, 
automotive and medical industries. A variety of materials, including 
stainless steels and iron-based alloys, composites for thermal 
management, soft-magnetic materials, ceramics, have been mass-
produced. Many other advanced materials can be customized to meet the 
customers’ special requirements. Recently, titanium and its alloys were 
added into the company’s material portfolio.

(+86) 185 7660 2907 | chris.gu@ep-pim.com | www.ep-pim.com

● Metal injection molding of CP-Ti, Ti-6Al-4V and other Ti alloys with excellent mechanical 
    properties

● MIMed Ti products with integral microstructures and high sintered densities over 99%, 
   suited for different surface treatments, such as polishing, sandblasting, surface-brushing, 
   PVD and T-treatment

● One stop solution, from Ti alloy powders to finished MIM products 

● Competitive Price!

Industry News

Mitsubishi Heavy Industries Machine 
Tool Co., Ltd., part of Mitsubishi 
Heavy Industries, Ltd. (MHI) based 
in Ritto, Shiga Prefecture, Japan, 
is expanding its metal Additive 
Manufacturing services with the 
addition of a new Binder Jetting 
(BJT) machine from Digital Metal, 
part of Sweden’s Höganäs Group.

In addition to MHI Machine Tool’s 
range of LAMDA AM machines, 
using its proprietary Directed Energy 
Deposition (DED) process for the 
production of large-scale compo-
nents, the new DMP2500 metal 
AM machine from Digital Metal 

Mitsubishi to 
expand metal AM 
services with new 
Binder Jetting 
machine from 
Digital Metal

will allow small-scale parts to be 
produced.

The DMP2500’s BJT technology is 
said to enable precise manufacturing 
and is engineered especially for high-
volume production.

MHI Machine Tool states that it 
can now respond to a broad range 
of metal AM needs and provide the 

optimal manufacturing method and 
equipment. The expanded service 
lineup will enable the produc-
tion of a full range of metal parts, 
from small components of 1 mm 
to large-scale parts exceeding one 
metre.

www.mhi.com
www.digitalmetal.tech  

Mitsubishi Heavy Industries Machine Tool Co., Ltd., is expanding its metal AM 
offering through options like Binder Jetting via Digital Metal’s DMP2500 metal 
AM machine (Digital Metal)

https://www.pim-international.com/
https://www.pim-international.com/e-newsletter-and-free-digital-subscription/
http://www.ep-pim.com/index.php?l=en


PIM International     September 202146 © 2021 Inovar Communications Ltd   Vol. 15 No. 3

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

Additive Manufacturing company 
Azoth, Ann Arbor, Michigan, USA, 
reports that it has utilised Binder 
Jetting (BJT) to additively manu-
facture a part for General Motors. 
This is said to be the first time BJT 
has been used on a GM production 
vehicle.

“Binder Jetting enables quanti-
ties at the speeds and quality levels 
demanded by automotive produc-
tion,” stated Cody Cochran, Azoth 
co-founder and General Manager. 
“We use a disruptive process that is 
more efficient than other technolo-
gies. We can print the prototype of 
a part every five or six days, while 
other processes and technology can 
take three to six months building 
moulds, retooling and going through 
multiple suppliers.”

The BJT additively manufactured 
medallion is used on the manual 
gear shift stick of the new 2022 
Cadillac Blackwing V-series models, 
which also features additional AM 

Azoth produces first BJT part for 
General Motors production vehicle

parts developed by General Motors. 
In a press release issued late last 
year, Cadillac reported that, by 
leveraging AM technology, it was 
able to reduce costs and waste 
when developing the manual trans-
mission.

Cochran added, “It is exciting 
to work with a forward-thinking 
company like GM who understands 
the benefits that Additive Manufac-
turing brings to production. I believe 
this is a breakthrough application for 
the 3D printing industry and a major 
win for metal Binder Jetting, proving 
this is a production ready process.”

www.azoth3d.com
www.gm.com  

Azoth has used Binder Jetting to additively manufacture a part for a General 
Motors production vehicle (Courtesy Azoth/GM)

CNPC Powder receives financing from 
Chinese industrial fund
CNPC Powder, headquartered in 
Vancouver, Canada, has announced the 
successful closure of A Round Investor 
Funding, reportedly securing tens of 
millions in financing from an emerging 
industry fund in China. The round of 
funding will be used to construct new 
production facilities, further improve 
the fully automatic (AMP) production 
lines and focus on additional R&D for 
new products and technologies.

CNPC Powder’s new funding is 
also intended to improve workflows, 
enhance real-time monitoring of 
equipment and enable it to produce 
improved statistical analysis, as well as 

implement more advanced QA, CRM, 
ERP industrial software systems. The 
company hopes that all of this will 
translate into an annual production 
capacity of 1,000 tons of metal powder 
for Additive Manufacturing.

Given the increasing market 
demand for lightweight applications, 
aluminium alloys have become the 
research hotspot for global metal 
AM manufacturers. Within this 
competitive market, CNPC Powder’s 
aluminium alloys are reported to 
feature highly spherical particles with 
few satellites, resulting in a highly 
fluid powder with low oxygen content.

As well as the aluminium market, 
the company is also actively devel-
oping and improving technologies 
for the production of copper, tita-
nium, nickel, and cobalt alloys, as 
well as other conventional metal AM 
materials. This new round of funding 
will also be used to further accel-
erate the commercialisation of these 
materials for the Additive Manufac-
turing market.

CNPC Powder states that 
promoting the industrialisation of 
high-quality, low-cost AM metal 
powders will continue to be its goal, 
as it continues to work with industry 
partners and begins cooperation 
with well-known global metal AM 
companies.

www.cnpcpowder.com  

Advertisers’ index & 
buyer’s guide

Find new suppliers of materials, production 
equipment and finished MIM or sinter-based AM 
parts on pages 115-117
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Industry News

XJet Ltd., Rehovot, Israel, has 
announced two key appointments 
to support the company in its return 
‘back to normality’ following the 
COVID-19 pandemic. Avi Cohen joins 
as Executive Chairman of the Board 
and Aviv Boim as Chief Financial 
Officer, with the company fore-
casting a year of growth following 
a year devoted to R&D during the 
pandemic.

Hanan Gothait, CEO and Founder 
of XJet, stated, “Cohen brings a 
wealth of C-level and board member 
experience and will be instrumental 
in XJet scaling up the business. His 
strategic input will provide insight 
for the company’s growth.”

“We have capitalised on the time 
during the pandemic to work hard 
in our labs on R&D, and to improve 
and fine-tune our systems,” he 
continued. “Now, we are ready to roll 

XJet announces key appointments as it 
looks to post-pandemic future

out and grow the entire ceramic and 
metal AM markets. Avi’s experience 
and leadership skills will help us 
drive that forward.”

Cohen currently sits on several 
boards, including the boards of Nova 
Measuring Instruments Ltd and 
autonomous AI developer Cortica. 
He has held various roles within the 
semiconductor market, including as 
an executive at KLA, and has served 
as CEO of RR Media (now part of 
SES, Euronext: SESG).

With a background in banking, 
incoming CFO Aviv Boim brings 
many years of experience in the 
telecommunications, network 
security and healthcare industries 
via his executive and financial posi-
tions at Tikcro, Imperva and Orckit 
Communications. According to 
Gothait, “Aviv’s experience, which 
goes beyond finance and the role 

of a Chief Financial Officer, is valu-
able and will help propel the growth 
of XJet and streamline its business 
processes.”

In addition to these appointments, 
XJet is also expanding its business 
development team, with Gal Raz 
appointed to Business Development 
Director. Raz’ knowledge and experi-
ence in the Additive Manufacturing 
industry go back over two decades, 
having managed several AM service 
bureaux. XJet has also appointed a 
number of global industry experts in 
channel management to expand its 
reach into new countries and regions 
in Europe and Asia-Pacific, already 
having connected with dozens of 
potential partners.

“XJet continues to attract some 
of the best talent in the industry, 
and I look forward to working with 
the team and seeing the results as 
XJet continues its growth in ceramic 
and metal Additive Manufacturing,” 
concluded Gothait.

www.xjet3d.com  
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MetShape GmbH, headquartered in Pforzheim, Germany, 
a manufacturer specialising in a Vat Photopolymerisa-
tion (VPP) process it refers to as Lithography-based Metal 
Manufacturing (LMM) has received seed financing from 
AM Ventures, the venture capitalist arm of the Langer 
Group. This financing round will enable investments in 
new equipment, expansion of marketing and sales meas-
ures, as well as further staff growth.

MetShape spun out of Pforzheim University in 2019 and 
received one year of start-up funding from the state of 
Baden-Württemberg. Since its beginning, MetShape has 
established a broad portfolio of AM technologies using its 
VPP technology, which the company stated it has already 
implemented for many customer applications.

“With our holistic approach and know-how of the entire 
LMM process chain, we provide our customers the highest 
flexibility in developing and manufacturing their applica-
tions,” stated Dr Andreas Baum, the company CEO and 
co-founder.

Johann Oberhofer, Managing Partner of AM Ventures, 
anticipates that two-step sinter-based AM technologies 
will become increasingly important for the production 
of larger quantities of metal components. “The key to 
mastering indirect AM processes is to control the oven-
based sintering processes after the green part has been 
3D printed,” he stated. “We are convinced that the team 
around Dr Andreas Baum combines the necessary compe-
tencies and has extensive know-how for the development 
and serial production of high-quality applications.”

The company works closely with the engineering 
company Incus GmbH and Pforzheim University on the 
further development of VPP technology. As evidenced 
in this extensive research, MetShape hopes to be at the 
cutting edge of technology, able to offer its customers new 
material developments and cooperation projects.

Baum added, “With the further development of the 
company, we are increasing customer benefits to the 
extent that we are evolving from an LMM pioneer to a 
competent partner for all relevant AM technologies for the 
production of precise small and micro components.”

www.metshape.de | www.amventures.com  

MetShape receives seed 
capital from AM Ventures

From left to right: Ulrich Lohmann, Johann Oberhofer, 
Arno G Held, Andreas Baum (Courtesy MetShape GmbH)
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Attendees at Rosmould and Rosplast 2021 (Courtesy Messe Frankfurt RUS)

Markforged, Watertown, Massachu-
setts, is working with Australian 
Meat Processor Corporation (AMPC) 
and imaging product manufacturer 
Konica Minolta, Japan, to establish 
an Additive Manufacturing supply 
chain for Australian red meat proces-
sors, reports Food Processing 
magazine. This investment in AM 
is intended to enable processors to 
manufacture spare equipment on 
demand, meeting the need for the 
rapid replacement of parts in these 
high-volume production environ-
ments.

The collaboration will involve a 
three-year, multifaceted programme 
in which two mobile Markforked 
X7 polymer AM machines will 
be installed at Australian meat 
processing plants. Processing staff 
will be trained to use them so that 
the plant owners can assess whether 
buying a permanent unit is a worth-
while investment. These units will 
remain on-site for four to eight 
weeks before rotating to another 
plant, and be used to create proto-
types for metal components, as well 
as the production of non-metal parts. 

The 16th International Exhibition for 
Mould and Tool Making, Product 
Development and Contract Manu-
facturing (Rosmould) and the 12th 
International Exhibition of Machinery 
and Materials for Plastics Industry 
(Rosplast) is scheduled to take place 
at the Crocus Expo IEC in Moscow, 
Russia, from June 7–9, 2022. 
Rosmould will once again feature 
3D-TECH, a specialised section for 
Additive Manufacturing.

Organised by Messe Frankfurt 
RUS, Rosmould is an international 
exhibition that showcases advanced 
manufacturing solutions such as 

Markforged AM solutions employed in 
Australian meat processing industry

Rosmould 2022 to 
take place in June 
in Moscow

Konica Minolta will provide on-site 
support to help meat processors 
understand and leverage the tech-
nology.

As part of the programme, a 
Markforged Metal X Fused Filament 
Fabrication (FFF) metal AM machine 
will be set up at Konica Minolta’s 
Sydney location to be used in the 
production of parts for industrial 
red meat processing. The previously 
made plastic prototypes from each 
processing location will be sent to this 
hub, where the designs will be metal 
additively manufactured, reportedly in 
as few as twenty-four hours. A parts 
database library will be established to 
ensure all parts meet quality stand-
ards.

Chris Taylor, CEO, Australian 
Meat Processor Corporation, stated, 
“Meat processors rely on a multitude 
of equipment, with multiple compo-
nents. Even a small component 
failure can be a costly exercise. The 
ability to simply print a replacement 
part could drastically reduce down-
time and minimise the need to wait 
for parts, reducing the chance of 
supply being at risk.”

Additive Manufacturing technology, 
design and product development; 
moulding technology and more. The 
2021 edition of Rosmold and Rosplast 
received over 7,800 attendees from 

Richard Elving, Director of Sales 
Asia-Pacific, Markforged, commented, 
“We are very excited about bringing 
Markforged’s Digital Forge to AMPC 
and AMPC’s members to support 
maintenance, repair and opera-
tion needs. Supply chain issues can 
be costly and time-sensitive, and, 
with these tools in place, AMPC will 
provide a competitive advantage to its 
members  that enables processing 
facilities to react quickly to solve prob-
lems right on the manufacturing floor.”

It is expected that the ability to 
rapidly prototype parts with AM will 
also enable meat processors to adjust 
the equipment and components they 
use to suit specific needs by making 
changes to tooling, fixtures, brackets 
and actuators.

“The processing sector is part of an 
ecosystem that performs best when 
all parts are optimised,” added Taylor. 
“Although established and dedicated 
for Australian red meat processors, 
AMPC will make the 3D printing hub 
available for other Australian food, 
agriculture and manufacturing sectors 
to evaluate their needs and opportuni-
ties for 3D printing within their supply 
chains.”

www.ampc.com.au
www.markforged.com
www.konicaminolta.com  

thirty-one countries and seventy-two 
Russian regions, a 12% increase 
compared to the 2019 event.

www.rosmould.
ru.messefrankfurt.com  
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The National Centre for Additive 
Manufacturing (NCAM) has launched 
the latest round of internal funding 
for its AM teams to build internal 
research capability. This funding is 
intended for research on three main 
areas: sustainable AM, acceler-
ating the maturity of emerging AM 
materials and enabling new process 
adoption and development. In the 
coming weeks, additional NCAM 
research topics – Directed Energy 
Deposition, materials development, 
and non-destructive testing – will be 
released.

NCAM’s research will look to 
further large-format AM capability 
through understanding and adopting 
materials and processes which 
enable parts made via large-format 

NCAM launches 
internal AM 
funding for 
research

Additive Manufacturing to be recycled 
or reused to minimise waste. In addi-
tion to this, concepts such as better 
understanding powder reuse before 
scrappage will be investigated. Along-
side this, a review will be undertaken, 
looking into the latest sustainable 
materials within the AM market.

As materials are vital to any AM 
process, NCAM has been working 
to develop its material capability in 
order to enable applications in space, 
power and energy, defence and 
aerospace. The organisation’s Metal 
Powder Bed Fusion (MPBF) team will 
undertake a streamlining process to 
further enhance material develop-
ment processes and procedures. 
This research aims to refine the 
methods that are used to establish 
new process parameters for emerging 
materials. This refinement will reduce 
the time and risk of developing such 
parameters. The MPBF team will also 
be developing work on high-strength 
aluminium materials, such as A20X. 
Finally, the MPBF and polymer teams 

will look into material property control 
and multi-material applications/
processes, hoping to establish a state-
of-the-art review which will inform 
future strategic decision making.

This year, NCAM will further 
its skills investment in ceramic 
AM through funding research 
programmes across its newly acquired 
Xjet and Photocentric machines. The 
organisation’s Bind & Sinter team is 
currently gaining expertise on the use 
of the centre’s newly acquired AIM3D 
system, which enables the produc-
tion of cost efficient AM parts through 
Material Extrusion (MEX)-based AM 
using materials for Metal Injection 
Moulding.

This year’s funding will be invested 
in understanding and gaining more 
experience using the latest AM equip-
ment, with the aim to eventually 
de-risk the process for companies 
and partners looking to use this tech-
nology and accelerate the adoption of 
AM in the UK and globally.

www.ncam-themtc.org  
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Lithoz’s Johannes Homa wins 
Big Five Award

Dr Johannes Homa, CEO and co-founder of Lithoz 
GmbH, Vienna, Austria, has been awarded the Institut für 
werkzeuglose Fertigung (IWF)’s Big Five award. This award 
celebrates long-term and defining contributions to the 
Additive Manufacturing industry, highlighting the winner’s 
broad range of achievements over many years. This award 
is given every year by the IWF in conjunction with the FH 
Aachen University of Applied Sciences in Germany.

Professor Andreas Gebhardt, IwF GmbH, stated that the 
award was given in recognition of both Homa’s impact and 
the company’s achievements as a whole in bringing ideas 
from the laboratory to market, with Dr Homa acting as “the 
engine that drives the Lithoz project forward.” Gebhardt 
also noted the geographic reach of Lithoz’s foundation of 
bases in Austria, America and China, with the company 
employing almost 100 worldwide.

www.lithoz.com  

Dr Homa received the Big Five Award from IWF’s Julia 
Kessler at the Austrian 3D Printing Forum (Courtesy IWF)

WZR Ceramic Solutions, Rheinbach, Germany, has 
installed a Carbolite Gero metal sintering furnace to 
advance its sintering programme. The new furnace will 
enable the company to produce parts using sinter-based 
metal Additive Manufacturing under inert gas, forming gas 
and under vacuum up to 1600°C.

With this new addition to its in-house capabilities, 
WZR expects to see an improvement in its part quality; in 
particular, in its binder jetted stainless steel parts. The 
first project to utilise its new sintering furnace will be a 
customer project wherein the company will produce copper 
components by Material Extrusion (MEX) Additive Manufac-
turing.

WZR Ceramic Solutions was founded in 1996 and 
adopted Additive Manufacturing as a solution in 2004. Since 
that time, the company has chiefly worked on ceramic AM 
under the name CerPrint®, but has recently expanded into 
sinter-based metal AM.

www.wzr.cc  

WZR Ceramic Solutions 
installs furnace for metal AM
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Fig. 1 (a) Front view and (b) side view of an artificial knee joint assembly, consisting of a thigh bone-femoral metal 
component, shin bone-metal tibial screw and plastic insert (From paper: ‘Hybrid Taguchi-Gray Relation Analysis Method 
for Design of Metal Powder Injection Molded Artificial Knee Joints with Optimal Powder Concentration and Volume 
Shrinkage’ by C M Lin et al, Polymers, Vol. 13, March 11, 2021, p. 20)

Artificial knee joints play a critical 
role in improving the quality of life 
of the elderly and those with knee 
injuries. Such knee joints can be 
fabricated using the Metal Injection 
Moulding process. The established 
materials used for artificial knee joint 
implantation include stainless steel, 
cobalt–chromium alloy, titanium, tita-
nium alloy, tantalum, zirconium alloy, 
and zirconia. 

In a paper published in Polymers 
(13, 865, March 11, 2021, p. 20) C-M 
Lin, and YT Hung at the National 
Chiayi University and C-M Tan at 
WuFeng University, Chiayi University 

Optimal design of MIM artificial knee 
joints using hybrid Taguchi-Gray 
Relation Analysis

both located in Chiayi, Taiwan, have 
reported on their research using a 
hybrid approach involving the Taguchi 
robust design methodology and gray 
relation analysis (GRA) theory to deter-
mine the optimal MIM processing 
conditions that simultaneously 
maximise the powder concentration 
uniformity in the feedstock whilst 
minimising the volume shrinkage. 
The researchers used stainless steel 
powder with polypropylene (PP) in their 
analysis for optimising MIM processing 
conditions of the metal femoral 
component of an artificial knee joint, 
which is illustrated in Fig. 1.

It is acknowledged that MIM 
components are susceptible to 
significant volumetric shrinkage 
and deformation during the cooling 
process after moulding. Further-
more, any excessive shear rate 
during the moulding process may 
cause the separation of the metal 
particles and polymer binding agent 
within the feedstock material, which 
results in turn in the formation of 
‘black lines’ on the surface of the 
sintered moulded component. Thus, 
proper control of the moulding 
parameters is essential to ensure 
that the finished component meets 
the required geometric and aesthetic 
standards. 

The authors reported that 
experiments were first performed 
by combining the Taguchi design 
method with Moldex3D CAE simu-
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lations to determine the optimum 
uniformity of the powder concentra-
tion distribution in the feedstock 
for MIM processing, followed by a 
second series of Taguchi experi-
ments to establish the processing 
parameters that minimise the 
volume shrinkage of the knee joint 
part following its removal from 
the mould. Finally, a GRA tech-
nique was applied to the Taguchi 
results to determine the processing 
parameters that optimise both the 
powder distribution and the volume 
shrinkage simultaneously. The simu-
lation model for the artificial femoral 
knee joint, using a single flow 
moulding gate shown in Fig. 2, was 
constructed using boundary layer 
mesh (BLM) technology and had a 
total volume of 41.61 cm3.

The authors stated that, in 
optimising the MIM processing 
conditions for the powder concen-
tration distribution, the aim was 
to achieve a powder concentration 
of 60% at each surface node. For 
optimal processing conditions for the 
volume shrinkage of the moulded 
component, the aim of the Taguchi 
experiments was to obtain volume 
shrinkage of 0% at each of the nodes 
(surface nodes and interior nodes) in 
the simulation model. 

The reported results of the 
multi-objective hybrid Taguchi–GRA 
experiments showed that the optimal 
trade-off between the powder 
concentration distribution uniformity 
and the volume shrinkage was 
obtained using a melt temperature 
of 180°C, a filling time of 2.5 s, a gate 
size of 7 mm, a mould temperature 
of 100°C, and a packing pressure 
of 185 MPa. Given these processing 
conditions, the authors stated that 
both quality outcomes approach 
their optimal values and show only 
slight standard deviation. In other 
words, the MIM parameter settings 
for GRA optimal design both mini-
mise the formation of black lines 
on the surface of the MIM part 
and, at the same time, improve 
the dimensional accuracy of the 
moulded component.

www.mdpi.com/journal/ 
polymers  

Fig. 2 (a) Simulation model and (b) mesh of metal femoral component in 
artificial knee joint (From paper: ‘Hybrid Taguchi-Gray Relation Analysis Method 
for Design of Metal Powder Injection Molded Artificial Knee Joints with Optimal 
Powder Concentration and Volume Shrinkage’ by C-M Lin et al, Polymers, Vol. 
13, March 11, 2021, p. 20)
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Copper, with its high electrical and 
thermal conductivity, plays an impor-
tant role in the thermal management 
of electronic components. In many 
cases, complex shapes are required 

for high performance copper cooling 
devices and for flow optimisation in 
complex cooling structures which, 
for example, can help increase the 
driving range of electric vehicles. 

Influence of porosity and impurities on 
thermal conductivity of pressureless 
sintered MIM copper components

Many of these complex structures 
can be produced using new powder-
based AM processes such as Laser 
Beam Powder Bed Fusion (PBF-LB), 
Binder Jetting (BJT) and Material 
Extrusion (MEX) processes such as 
Fused Filament Fabrication (FFF), in 
addition to the MIM process. 

The use of strong infrared laser 
beams in PBF-LB of Cu powder 
currently somewhat restricts heat 
conductivity in the finished AM parts, 
and the other AM processes such as 
BJT still have to overcome limited 
physical properties due to remaining 
porosity in the sintered structure. 
MIM, however, shows great potential 
in producing complex green Cu bodies 
which can subsequently be sintered to 
high densities (98.8%) using pressure-
less sintering. 

Research undertaken at Robert 
Bosch GmbH, Saarland University, 
and the Materials Engineering Center 
Saarland in Saarbrücken, Germany, 
has been focused on the development 
of heat conductivity of pressureless 
sintered Cu green bodies and the 
results of this research have been 
published in a paper by Jonas Ott, et 
al in Powder Metallurgy (Vol. 64, No. 2, 
2021, pp. 85-96). 

The research team used commer-
cially available gas atomised Cu 
powder and their research results are 
said to be adaptable to all powder and 
sintering-based fabrication techniques 
including MIM, BJT, and FFF. The 
gas atomised powder is classified as 
oxygen-free high conducting (OFHC) 
copper and has a spherical morphology 
with particle size D90 = 21.1 µm, D50 = 
11.7 µm, and D10 = 5.7 µm. 

To gain experimental data 
concerning density and heat conduc-
tivity of sintered Cu powder bodies 
which is transferable to all sinter-
based manufacturing processes, the 
researchers used a low-molecular 
oxygenated carboxylic acid as a 
dispersant for the preparation of Cu 
powder suspensions. The suspension 
consists of 56 vol.% Cu powder, with 
water as the suspension medium, and 
also containing a small amount of the 
mentioned dispersant. The suspension 
was filled into silicon moulds and then 
dried in air at 80°C. After demoulding 

Fig. 1 Isothermal sintering curve of Cu powder green bodies with initial green 
density of 70%, sintered at 1075°C for 3 h in an H2 atmosphere. The dashed 
curve presents the temperature profile with a heating and cooling rate of 5 K/
min. Representing micrographs during the sintering process are displayed 
in circles. (From paper:’Influence of porosity and impurities on the thermal 
conductivity of pressureless sintered Cu powder green bodies’, Powder Metal-
lurgy, Vol. 64, No. 2, 2021, 85-96) 

Fig. 2 Influence of the porosity on the heat conductivity. All lines correspond 
to analytical models. The stars show the results of numerical simulations by 
GeoDict. The squares (pressureless) and the triangles (pressure-assisted) 
present the experimentally determined heat conductivities of sintered Cu 
powder green bodies. (From paper:’ Influence of porosity and impurities on the 
thermal conductivity of pressureless sintered Cu powder green bodies’, Powder 
Metallurgy, Vol. 64, No. 2, 2021, 85-96)
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Element
Powder concentration

(mg/kg)

Sintered

Concentration (mg/kg) Heat conductivity lost (W/mK)

Fe 175 200 −39.4

Co 48 72 −17.9

O 2070 66 <−0.1

Cr 37 50 −0.1

Mo <5 9 <−0.1

Ni <5 8 <−0.1

of the dry green body, the green density was determined by 
the geometric dimensions of the cylindrical sample. For the 
sintering experiments, green bodies with densities in the 
range of 65–73% were used.

In this work, all green Cu samples were sintered in 
reducing H2 atmosphere at ambient pressure for several 
hours at a maximum temperature of 1075°C. An improved 
two-step sintering process with temperature plateaus 
at 900 and 1075°C was used to reach maximum sintered 
densities of 98.8% (with an optimised temperature profile). 

Fig. 1 shows the sintering curve of isothermally 
sintered Cu bodies with a starting green density of 
70%. The authors stated that, even when sintering for 
longer times, no higher density could be achieved. They 
also found that the grain size in the sintered Cu was 
more than 10 times larger than the initial particle size, 
which indicates strong grain growth during sintering. 
In this case, most of the remaining pores are located in 
the middle of the grains and only a negligible number 
are directly in contact with grain boundaries. Short 
diffusion paths between pores and grain boundaries 
(vacancy sinks) are necessary to enable shrinkage of 
pores in realistic times; therefore, strong grain growth, 
and the separation of pores and grain boundaries, 
hinder full densification during sintering. Improved 
non-isothermal sintering profiles can inhibit this 
separation of pores and grain boundaries by control-
ling grain growth and pore mobility. Only with these 
improved profiles are densities of over 98% reachable 
using pressureless sintering.

The sample with the highest density (1.2% 
porosity), which was sintered with the optimised two-
step sintering profile, shows a heat conductivity of 
343.1 (±5.6 W/ mK), which is about 50 W/mK below the 
theoretical value of Cu (399 W/mK). This compares 
with experimentally determined heat conductivity of 
pressure-assisted sintered Cu without any porosity of 
346.0 W/mK (±8.2 W/mK) (Fig. 2). 

The researchers also found that heat conductivity 
was affected by impurities such as Fe, Co, O, Cr, 
Mo and Ni in the sintered Cu samples. Even a small 
powder contamination of 200 mg/kg Fe in the gas 
atomised Cu powder can reduce the heat conductivity 
by 8.5% (see Table 1). All detected contamination in 
the Cu powder was found to reduce the effective heat 
conductivity by 57.4 W/mK (−14.4%). The researchers 
therefore concluded that the purity of the powder has 
the main influence on the heat conductivity of sintered 
Cu and by prevention of metallic impurities, heat 
conductivities very close to the theoretical conductivity 
of Cu are attainable, even with a low percentage of 
porosity. 

www.tandfonline.com/loi/ypom20 

Table 1 Influence of measured impurity concentrations in the Cu powder and sintered Cu specimens. (From paper:’ 
Influence of porosity and impurities on the thermal conductivity of pressureless sintered Cu powder green bodies’, 
Powder Metallurgy, Vol. 64, No. 2, 2021, 85-96)
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Fracture properties of MIM low 
alloy steels
In the March 2021 issue of PIM Inter-
national (pp. 58–59) we reported 
on work carried out at the National 
Technical University of Ukraine ‘Igor 
Sikorsky Kyiv Polytechnic institute’, 
in Kiev, Ukraine, and the Kurdyumov 
Institute for Metal Physics, also in 
Kiev, on optimising the sintering 
parameters for producing Catamold® 
8740 low alloy steel by MIM [1]. 

As very few researchers have 
addressed the issue of fracture 
properties of such MIM sintered 
low alloy steels, the same research 
team, led by S V Zavadiuk, followed 
up their initial research with a further 
study, which focused on how the 
dynamic characteristics (boundary 
fatigue strength, impact strength, 
and elongation) could be improved as 
related primarily to residual porosity 
in the sintered Catamold 8740 and 
also the influence of defects such 

as local inhomogeneity caused 
by brittle inclusions (silicides and 
oxides), grain size and phase struc-
tures (ferrites, cementites, and 
martensites). 

Their objective was, therefore, to 
establish the relationship between 
the density of the sintered MIM low 
alloy steel samples and the sintering 
parameters, and also the relation-
ship between the impact strength 
and surface fracture. The authors 
published their most recent results 
in Powder Metallurgy and Metal 
Ceramics Vol. 59, Nos. 11-12, March 
2021, 641-650.

The MIM Catamold 8740 material 
(BASF, Germany) has a composition 
based on iron to which was added 
a total of no more than 3% of the 
following elements: 0.45–0.55% C, 
0.4–0.6% Cr, 0.25–0.4% Mo, 0.5–0.8% 
Ni, 0.1% Mn, and 0.3–0.55% Si. 

These elements were added both 
as elemental powders (Ni) and alloy 
powders (FeSi, FeCr, FeMo) having 
particle sizes 6–30 µm. The MIM 
feedstock was injection moulded 
to produce rectangular bars, which 
were catalytically debound at 110°C to 
remove the polyacetal binder compo-
nent. 

The debound samples were then 
subjected to multi cycle sintering in 
a nitrogen atmosphere and partial 
pressure of 40,000 Pa with each cycle 
involving heating to 600°C at a rate of 
2°C/min and holding for 120 min, then 
heating to 900°C again at 2°C/min and 
holding for 10 min, followed by heating 
to 1340°C at a higher rate of 5°C/min 
and holding for 30 min. 

Grain coarsening during sintering 
strongly affects mechanical proper-
ties so the researchers subjected the 
sintered low alloy steel samples to heat 
treatment after each sintering cycle in 
order to refine and equalise the grain 
sizes, which in turn promotes a more 
ductile fracture. Heat treatment was 
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The sintered densities of the 
samples were determined by standard 
methods and impact strengths of 
V-notched samples were determined 
after each cycle using the Charpy test. 
Multicycle sintering of the Catamold 
8740 material was found to increase 
the impact strength of V-notched 
samples by 85% (from 7.55 to 
13.95 J/ cm2) through a 2% decrease 
in the residual porosity, change in the 
pore geometry, and homogenisation 
of the chemical composition. 

Fig. 1 shows how the impact 
strength can be increased with an 
increase in the number of sintering 
cycles and hence increase in the 
density of the sintered Catamold 8740 
samples, and Fig. 2 gives impact 
strengths according to the sintered 
density obtained. It was found that 
the 2% increase in density after the 
sixth sintering cycle, together with 
fewer stress concentrators in the 
sintered structure, allowed the impact 
strength of the MIM low alloy steel 
material to be increased 1.8 times. 
The authors did however state that 
such a multicycle regime requires 
long-term holding at high sintering 
temperature, involving significant 
energy consumption. 

Besides the influence of residual 
porosity on dynamic properties, the 
authors found that sintered Cata-
mold 8740 low alloy steel material 
showed local defects such as brittle 
particulate carbide phases near the 
grain boundaries, powder agglomer-
ates, and silicon oxides formed during 
sintering. The authors stated that 
these defects are additional stress 
concentrators that can also reduce 
the dynamic properties of the material 
(impact strength, fatigue strength). 
They propose that one of the ways to 
improve the mechanical properties 
and promote homogeneous distribu-
tion of alloying elements within the 
material may be to use chemical 
doping methods. These are expected 
to increase the strength of ferrite and 
homogenise the phase structure of 
the sintered Catamold 8740 material.

www.springer.com/journal/ 
11106  

[1] ‘Optimization of the sintering 
parameters for materials manufac-
tured by powder injection molding’, by 
SV Zavadiuk et al published in Powder 
Metallurgy and Metal Ceramics, Vol. 
59, Nos. 1-2, May, 2020, 22-28)

Fig. 1 Density (1) and impact strength (2) versus the number of sintering cycles 
for Catamold® 8740. (From paper: ‘Fracture features of low alloy steel produced 
by metal injection molding; by S V Zavdiuk et al., Powder Metallurgy and Metal 
Ceramics, Vol.59, Nos. 11-12, March 2021, 641-650)

done in a salt bath (75% NaCl, 25% 
KCl) at an austenitising temperature 
of 850°C and quenched in nitrogen at 
280°C. The samples were tempered in 
a cell furnace at 550°C with a holding 
time of 60 min. After tempering, 
sorbitol-structured samples with 
30–35 HRC hardness were produced. 
The authors reported that, following 
heat treatment, the grain size number 
in all samples was 12, as deter-
mined using Russian standard GOST 
5639–82. 

Fig. 2 Impact strength (1) vs density of the sintered Catamold 8740 material; the 
curve is polynomial interpolation (2) with reliability R2 = 0.9885. (From paper: 
‘Fracture features of low alloy steel produced by metal injection molding; by 
S V Zavdiuk et al., Powder Metallurgy and Metal Ceramics, Vol. 59, Nos. 11-12, 
March 2021, 641-650) Follow us on LinkedIn! 
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Metal Injection Moulding is a well-
established technology for the high 
volume production of small, complex 
and high precision components. MIM 
can also be used to overmould an 
insert placed in the mould with MIM 
feedstock to produce highly complex, 
precision outer shapes on larger 
parts, or to achieve an outer MIM 
layer with a different material to the 
insert in order to provide functional 
properties. The insert metal and 
MIM feedstock are diffusion bonded 
together during the sintering of the 
MIM feedstock and this method can 
also be used for joining similar and 
dissimilar materials.

Research carried out at Gazi 
University in Ankara, Turkey, has 
investigated the potential of using 
‘inserted Metal Injection Moulding’ 
(IMIM) for diffusion bonding a 
wrought 1050 carbon steel insert 
to an overmoulded MIM feedstock 
based on 316L stainless steel. The 
carbon steel insert is coated with a 
Ni interlayer because of its excel-
lent plasticity and good corrosion 
resistance compared with bonded 
interlayer joints using copper. 
The coated Ni interlayers on the 
inserts have a thickness of 10, 20, 
and 30 µm. Mehmet Subasi at the 
Department of Machine and Metal 
Technology, Gazi University, has 

reported on the research results 
in the Journal of Manufacturing 
Processes Vol. 58, September 6, 
2020, 706-711.

The author stated that the 
wrought 1050 carbon steel inserts 
used in the research had a 
machined roughness of Ra 1.6 µm 
and Ni coating of the inserts was 
done using electrolysis at 54°C and 
at times of 14, 28, and 42 mins. 
Coating thickness layers of 10, 
20 and 30 µm were achieved and 
surface roughness of the coated 
inserts was Ra 0.6 µm. Steel inserts 
without a Ni interlayer coating were 
also overmoulded. 

The MIM feedstock used for 
overmoulding the coated steel 
inserts was based on water atom-
ised 316L stainless steel powder 
having particle sizes of D50: 7 
µm and D90: 13 µm.  Injection 
moulding parameters included: 
moulding pressure of 120 bar and 
holding pressure at 50 bar, mould 
temperature of 45°C, and injection 
temperature of 150°C. Fig. 1 shows 
the dimensions of the overmoulded 
inserts, and Fig. 2 shows the 
injected MIM section on the insert 
and the areas affected by diffusion 
bonding.

The injection process was 
followed by the specimens’ being 

Ni interlayer effects on diffusion bond 
strength in inserted MIM parts

Fig. 1 Dimensions of the inserted 
MIM (IMIM) part after injection 
moulding. (From paper: ‘Investiga-
tion of sintering temperature and 
Ni interlayer effects on diffusion 
bonding in inserted metal injection 
molding’ by M Subasi, Journal of 
Manufacturing Processes Vol 58, 6 
September 2020, 706-711)

solvent debound in pure ethanol at 
60°C for 24 h. Debound inserted 
MIM specimens were pre-sintered 
and then sintered under an atmos-
phere of 95% N2 + 5% H2 at 1260, 
1300, 1340, and 1380°C, with a 
dwell time of 30 min. At the highest 
sintering temperature of 1380°C, 
melting occurred in the specimens, 
leading to deformation, and these 
components were not further 
tested. 

In this research, the shear-
punch method was used to evaluate 
the shear strengths of the diffusion 
bonded components and results are 

316L feedstock

30

⌀2
0

Fig. 2 Schematic of the inserted MIM process. (From paper: ‘Investigation of sintering temperature and Ni interlayer 
effects on diffusion bonding in inserted metal injection molding’ by M. Subasi. Journal of Manufacturing Processes Vol 
58, 6 September 2020, 706-711)
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given in Fig. 3. The author reported 
that IMIM specimens with 10, 20, and 
30 µm Ni coating interfaces provided 
shear strengths of 237, 236 and 235 
MPa respectively when sintered at 
1260°C. The interfaces of the IMIM 
specimens were examined by optical 
microscopy and results for uncoated 
inserts sintered at 1260°C and 
inserts coated with a 30 µm interlayer 
sintered at 1300°C are shown in Fig. 
4. Based on the results of shear-
punch tests, the highest strength of 
238 MPa was obtained in specimens 
sintered at 1300°C with a Ni interlayer 
of 30 µm. Specimens with no Ni inter-
face layer sintered at 1260°C exhibited 
the lowest strength of 170 MPa. For 
specimens sintered at temperatures 
of 1300 and 1340°C, the thicker the Ni 
layer, the higher is the shear strength 
of the diffusion bonded area. 

https://bit.ly/3zqPmXF  

709

Fig. 3 Effect of sintering  temperature and Ni interlayer thickness on shear 
strength. (From paper: ‘Investigation of sintering temperature and Ni interlayer 
effects on diffusion bonding in inserted metal injection molding’ by M Subasi, 
Journal of Manufacturing Processes Vol 58, 6 September 2020, 706-711)

Fig. 4 Optical micrographs of interfaces in IMIM sections with (a) uncoated insert sintered at 1260°C and resulting in shear 
strength of 170 MPa, and (b) IMIM insert coated with 30 µm Ni interlayer sintered at 1300°C to achieve shear strength of 
238 MPa. (From paper: ‘Investigation of sintering temperature and Ni interlayer effects on diffusion bonding in inserted 
metal injection molding’ by M Subasi, Journal of Manufacturing Processes Vol 58, 6 September 2020, 706-711)
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Founded in 2004, Jiangsu Gian 
Technology Co., Ltd., located in 
Changzhou City, Jiangsu Province, 
is a leading Chinese Metal Injection 
Moulding producer that is competing 
globally in the small precision parts 
manufacturing market. Gian claims 
to be the largest producer worldwide 
with MIM as its main business focus, 
and is committed to acting as a ‘one-
stop shop’ for its customers, whilst 
maintaining a competitive posi-
tion when it comes to innovations 
in materials, processing, product 
development and part design. 

The company primarily manu-
factures complex, high-precision 
and high-strength aesthetic MIM 
parts for the consumer electronics 
industry, as well as for the automo-
tive, medical and other sectors. With 
a reputation for high product quality, 
combined with a responsive, fast-
turnaround service, the company's 
parts have been used in the products 
of Apple, OPPO, vivo, Samsung, 
Xiaomi, Fitbit, Google, Tesla, Great 
Wall, Honda and many other well 
known global brands in consumer 
electronics and the automotive 

industries. On average, several 
million MIM parts a day are shipped 
from its facilities. 

With regional offices across 
Asia, Europe, North America and 
other major economic regions, the 
company's staff of more than 6,000 
can provide 24-hour a day support 
for the needs of customers. Gian’s 

sales have increased rapidly over the 
last decade and, in 2020, it achieved a 
revenue of around $240 million.

In recent years, the company has 
focused on increasing its invest-
ment in research and development 
to improve its competitiveness and 
create a precision manufacturing 
platform-oriented business. The 

The ability to innovate is the cornerstone of the successful evolution of 
technology companies. Jiangsu Gian Technology Co., Ltd., China's largest 
Metal Injection Moulding company, has always followed such a philosophy. 
Dr Chiou Yau Hung (Dr Q) visited the company on behalf of PIM International  
and spoke with Junwen Wu, the company's vice president, about how 
innovation, from materials development to the use of Artificial Intelligence 
for advanced quality management, has become the driving force behind the 
company's success.  

Inside China’s largest MIM 
company: Innovation, research 
and the MIM Smart Factory at 
Jiangsu Gian Technology Co., Ltd. 

Jiangsu Gian Technology Co., Ltd.

Fig. 1 Jiangsu Gian Technology Co., Ltd. is located in Changzhou City, Jiangsu 
Province. The headquarters and factories are located in a wooded industrial 
zone (Courtesy Jiangsu Gian Technology Co., Ltd.)
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organisation constantly tests a variety 
of new material systems and process 
innovations, aiming to always be at 
the cutting edge of MIM part design, 
pushing the barriers of part weight, 
size and performance. As shown 
in Fig. 3, MIM products currently 
manufactured range between 0.006 g 
and 900 g, and dimensions between 
0.04 mm and 200 mm in length. 

The following research areas are of 
ongoing focus:

• In-house feedstock production

• Sintering optimisation

• Design, development and 
manufacturing capacity for 
precision moulds and fixtures

• Post-processing capability

• R&D for advanced automation 

Fig. 2 MIM parts for consumer electronic products (Courtesy Jiangsu Gian Technology Co., Ltd.)

These areas have been studied 
through a close combination of 
research and production devel-
opment in order to enhance the 
competitiveness of the company’s 
products. The results have led to cost 
reductions and increased efficiency 
at Gian’s facilities.

The company currently oper-
ates ten feedstock production lines, 
twenty-three continuous debinding 
and sintering furnaces, over forty 
batch furnaces and more than 350 
injection moulding machines. For 
post-processing, over 200 CNC 
machines are installed, along with 
additional post-process capacity such 
as PVD surface coating. This produc-
tion capacity enables the processing 
of millions of components daily, 
allowing the company to effectively 
meet the widely differing needs of its 
customers.

Gian Technology operates four 
sites in Changzhou, covering an 
area of about 330,000 m2, and has a 
separate factory in Dongguan, South 
China, to better serve customers in 
the Pearl River Delta.  

Fig. 3 Gian Technology is committed to continuously expanding the 
conventional performance limitations of MIM products
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In order to maximise the produc-
tivity of its production lines, the 
company has a professional auto-
mation team consisting of more 
than 100 people, most of whom are 
responsible for the design, manufac-
turing and maintenance of industrial 
automation solutions or providing 
comprehensive automation and 
artificial intelligence services for the 
group. The automation team provides 
more than 500 sets of automation 
equipment for the MIM production 
lines every year. 

R&D at Gian Technology

At present, Gian employs over 300 
engineers for its research and 
development activities, including the 
design and development of more 
than 500 different MIM parts every 
year. As the strategy, R&D and 
incubation platform of the group, the 
R&D centre acts as the driver for its 
medium- and long-term develop-
ment into new fields, technologies, 
materials, products and processes. 

Through cooperation with univer-
sities, the R&D centre is also involved 
in a number of national, provincial 
and municipal key projects, and 
applies for dozens of MIM-related 
patents every year. This provides a 
strong driving force for the group’s 
long term sustainable development. 
An example of the R&D team’s 
achievements is a MIM fan compo-
nent which won an award at World 
PM2018 – the World Conference on 
Powder Metallurgy – held in Beijing.

The mass production of MIM 
titanium and titanium alloy parts
After years of exploration and 
research, Gian Technology believes 
that, with the continued growth of 
industry globally, titanium alloy 
products offering lower weight, 
excellent surface finish and biocom-
patibility will be widely used in the 
field of consumer electronics and 
automotive production. However, the 
production cost for titanium parts 
with these properties manufactured 
using conventional technologies is 
very high. Titanium alloy has poor 

“The company currently operates ten 
feedstock production lines, twenty-

three continuous debinding and 
sintering furnaces, over forty batch 

furnaces and more than 350 injection 
moulding machines. For post-

processing, over 200 CNC machines 
are installed...”

Fig. 4 A MIM automotive application (Courtesy Jiangsu Gian Technology 
Co., Ltd.)

Fig. 5 MIM parts for the automotive sector (Courtesy Jiangsu Gian Technology 
Co., Ltd.)
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mechanical properties of titanium 
and titanium alloys fully meet the 
relevant ASTM standards (F2885-11 
Type 1 density). For example, MIM 
Ti6Al4V can achieve a density of 
>4.4 g/ cm3, a yield strength of 
950 MPa (F2885-11 ≥ 830 MPa), 
a tensile strength of 1000 MPa 
(F2885-11 ≥ 900 MPa), and elonga-
tion of up to 15% (F2885-11 ≥ 10%).”

The development of ultra-high-
strength MIM steel
Ultra-high-strength steel offers the 
desirable characteristics of high 
yield strength, good rigidity and 
high wear resistance. It has appli-
cations in areas such as the folding 
hinges of newly commercialised 
folding-screen smartphones, 
the hinges on wireless charging 
headsets, micro gears, and some 
special structural parts. At present, 
there has been little reported 
development of this kind of mate-
rial in the wider Metal Injection 
Moulding industry. 

Gian developed its ultra-high 
strength MIM steel by focusing on 
material formula development, the 
forming process and post-treat-
ment processes. At present, the 
mechanical properties of the devel-
oped materials are reported to be 
meeting the needs of its customers, 
and ultra-high strength steel prod-
ucts are gradually entering mass 
production at the company.

Mirror finish materials and 
processes
MIM has the major advantage of 
being able to deliver high-preci-
sion parts with complex shapes; 
however, the ability to polish parts 
to a mirror finish has always been 
a key issue limiting the application 
of MIM components in consumer 
electronics applications. 

In order to increase the use of 
PIM components in cosmetic parts, 
Gian Technology has worked with 
customers to develop materials 
and processes which help make 
it possible to produce and post-
process parts to a mirror finish. A 
number of projects are underway to 
achieve mass production.

Jiangsu Gian Technology Co., Ltd.

thermal conductivity and is difficult 
to machine, which has, to date, 
limited its potential application 
areas.

Since 2012, Gian has been devel-
oping MIM titanium and titanium 
alloy materials and processes, and 
is committed to bringing Ti MIM to 
maturity and mass production. It 
is also increasing its production of 
titanium and titanium alloy micro-
parts. Through its R&D activities, 
the company has developed titanium 
alloy powders, custom binders, 
process parameters and specialist 
equipment to achieve better dimen-
sional accuracy, the necessary 
mechanical properties and superior 
aesthetic results. 

A special binder developed for 
Ti MIM offers good wetting with 
powder, high fluidity and high purity, 

which can effectively reduce the 
number of impurities after sintering. 
When used with optimised process 
parameters, the production of tita-
nium and titanium alloy MIM parts 
with properties that meet interna-
tional standards can be achieved. 

Based on early development 
results, combined with the specific 
needs of customers, a number 
of titanium alloy projects have 
achieved mass production, with Gian 
having produced more than 300,000 
titanium MIM parts, such as those 
shown in Fig. 6, with the microstruc-
ture of a production part shown in 
Fig. 7. A series of patents have also 
been applied for and granted in this 
area.

Gian’s titanium team is led by 
Dr Haoyin Zhang. According to 
Dr Zhang, "The physical and 

Fig. 7 Microstructure after sintering of a Gian titanium alloy production part 
(Courtesy Jiangsu Gian Technology Co., Ltd.)

Fig. 6 MIM titanium housings for wearable devices (Courtesy Jiangsu Gian 
Technology Co., Ltd.)
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Tooling design and 
fabrication

Tooling design and production is 
a vital aspect of Metal Injection 
Moulding, and it is also a core area 
of expertise at Gian. Through more 
than ten years of development, Gian 
has achieved a high degree of exper-
tise in mould design, manufacture, 
application, maintenance, and other 
integrated capabilities, to enable it to 
fully meet its customers' needs. 

From the beginning of a product 
enquiry, the tooling department's 
professional designers are involved 
in a part's design. Drawing on years 
of experience, they are able to help 
customers design a part that is 
optimised for MIM. After that, tooling 
is manufactured and put into use for 
the mass production of the desired 
part.

The tooling department employs 
around 400 people, 30% of whom 
have extensive experience in tooling 
manufacturing, material selection, 
surface texture selection, the control 
of mechanical strength, assembly, 
tolerances, and other aspects of 
tooling design. They are also able to 
help balance the cost of prototyping 
for new designs against the cost and 
value of the mass-produced MIM 
parts. Using ISO quality manage-
ment system standards and in-depth 
project management experience, the 
tooling department is able to track 
the progress of the project in real 
time and integrates dynamic project 
management concepts to correct 
errors in a timely manner and 
ensure delivery.

Gian Technology operates a highly 
efficient intelligent tooling produc-
tion line, able to better connect 
tooling design, manufacturing, and 
application. This allows tooling to 
be quickly designed for an applica-
tion, enabling the rapid delivery of 
customer product samples. Gian’s 
‘lights-off’ tooling management 
system, shown in Fig. 8, is very 
unusual in the MIM industry. 

The company’s tooling depart-
ment has a long-term cooperation 
in place with GF, Yasda, Makino, 
Seibu and other well-known manu-

Jiangsu Gian Technology Co., Ltd.

Fig. 8 Gian’s ‘lights-off’ tooling management system (Courtesy Jiangsu Gian 
Technology Co., Ltd.)

Fig. 9 Injection moulding machines in a large production area (Courtesy 
Jiangsu Gian Technology Co., Ltd.)
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facturers. These manufacturers 
often visit to train Gian's employees. 
Gian’s tooling operation can achieve 
an accuracy of ± 2 µm and is able 
to manufacture more than 100 sets 
of new tooling to high-precision 
every month. The efficiency of 
tooling manufacture at Gian makes 
it possible for the company to meet 
the diverse needs of its customers 
at a competitive cost. Importantly, 
in critical situations it is equipped to 
respond rapidly to customer design 
changes and meet urgent requests.

Jiangsu Gian Technology Co., Ltd.

MIM production in detail

Through its intensive research 
activities, Gian is very active in 
promoting its advanced manufac-
turing technologies and helping to 
achieve flexible MIM production, 
continuously improving its own 
production lines with the most 
advanced equipment and automa-
tion offerings. With the benefit of 
its past production experience, the 
production schedules of each of its 
manufacturing lines are carefully 

planned according to the priority of 
customers’ demands, using the most 
efficient allocation of moulds and 
equipment. 

Gian benefits greatly from the 
ability to prepare feedstock in-house, 
using more than 1,000 tons of powder 
each year that it is able to precisely 
mix into high-quality MIM feedstock. 
This all takes place in a controlled 
environment, thereby maintaining 
the high quality of its products, and 
meeting the product performance 
requirements of customers. Material 
testing ensures product performance 
and the stability of the production 
process.

Gian Technology pays great atten-
tion to every detail of the production 
process. The high-precision Japa-
nese injection moulding machines 
that it uses have been upgraded and 
automated for high-volume produc-
tion, greatly increasing capacity. 
The company’s injection moulding 
department employs thirty process 
technicians capable of operating 

“The efficiency of tooling manufacture at 
Gian makes it possible for the company to 
meet the diverse needs of its customers 

at a competitive cost. Importantly, in 
critical situations it is equipped to respond 

rapidly to customer design changes and 
meet urgent requests.”

Fig. 10 Continuous furnaces for debinding and sintering provide mass production capability (Courtesy Jiangsu Gian 
Technology Co., Ltd.)
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these precision machines for high 
performance, productivity and 
quality. 

In its current operations, sintering 
and debinding with both continuous 
and batch furnaces is able to effec-
tively meet its customers’ needs 
with high capacity, high efficiency, 
and high flexibility. At the same time, 
Gian Technology strives for high 
levels of sintering process stability, 
It is continuously improving sintering 
furnace performance, including 
gas flow optimisation, as well as 
many other practical innovations. 
Through accurate simulation, control 
and compensation of the sintering 
process, the company is able to 
meet its global customer's pursuit 
of high-precision, consistent product 
performance.

The dimensional accuracy of MIM 
parts can be further improved after 
sintering through fully automatic 
multi-step restriking operations. 
Gian also has CNC capacity for 
machining MIM and other parts, as 

well as surface treatment facilities 
that include sand blasting, polishing, 
laser marking, PVD and other post-
processes. It believes that a one-stop 
service concept and platform-based 
precision manufacturing operation 
can lead the company and entire 
industry onto the fast track for rapid 
development.

Inspection and quality 
management

Gian Technology employs a wide 
range of automation equipment 
to increase efficiency and product 
quality, reduce production costs, 
and avoid all types of operational 
risk in the production process. The 
company recently purchased a 
range of appearance defect detec-
tion equipment which uses AI-based 
vision technologies for MIM products. 
This solution allowed a reduc-
tion in manpower while improving 
production yield (Fig. 11). This, Gian 

believes, is a positive step on the 
path to transforming the company 
from a conventional manufacturing 
facility towards a smart factory, thus 
improving its profitability and market 
competitiveness.

The future at Gian 
Technology

Asked about his vision for the future 
of Gian Technology, Junwen Wu, the 
company’s vice president, explained, 
“We are as patient as craftsmen to 
MIM.” The rapid development of Gian 
in the past ten years is due in no 
small part to its careful, craftsman-
like commitment to learning from 
customers, peers and suppliers; its 
dedicated MIM research; and the 
efforts to develop a smart factory. 

The company's management is 
committed to promoting the appli-
cation of MIM products in a wide 
range of industries. Today's MIM 
enterprises, the management team 

Jiangsu Gian Technology Co., Ltd.

Fig. 11 Automatic AI-based quality control equipment for appearance and dimension inspection (Courtesy Jiangsu Gian 
Technology Co., Ltd.)
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believes, need to be fully invested 
in R&D in order to broaden applica-
tion areas and explore cutting-edge 
technologies to expand the use of 
MIM products in more markets. Gian 
Technology believes that the diver-
sification of materials and process 
complexity will be key trends for the 
MIM industry.

Junwen Wu also believes that 
companies in the MIM industry must 
follow the diversified needs of the 
market for other MIM materials, such 
as expanding the application of MIM 
to titanium alloys, magnetic mate-
rials, nickel-base alloys, and others. 
Although China's MIM technology 
is advanced, it remains subject to 

limitations; some markets still cannot 
reach the necessary production 
volumes to make MIM technology 
viable in a large number of applica-
tions. These markets include the 
aerospace sector – however, there is 
nonetheless still great potential for 
development here.

The story of the development of 
MIM in China over the past decade is 
a remarkable one, and one that has 
the potential to help drive the use of 
MIM forward worldwide. I hope that 
this article will give a deeper under-
standing of the efforts of China's MIM 
industry leader, and the opportunities 
that are envisaged for the industry’s 
future growth.

Author 

Dr Q (Y H Chiou)
You neeD Technical Office
chiou_yh@yahoo.com.tw

Contact

marketing@jsgian.com
www.jsgian.com

“The rapid development of Gian in the 
past ten years is due in no small part to 
its careful, craftsman-like commitment 
to learning from customers, peers and 

suppliers; its dedicated research on MIM 
technology and the efforts to develop a 

smart factory.”

Jiangsu Gian Technology Co., Ltd.

Fig. 12 From left to right: Dr Q, Junwen Wu (vice president of Gian) and 
Shaohua Su (R&D director of Gian)
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We’ve all heard a lot about metal 
Binder Jetting. It’s been a hot topic 
in the world of Additive Manufac-
turing and we’ve seen numerous 
developments in this space. In the 
past four to five years, we have 
witnessed a continuous drumbeat 
of news about how Binder Jetting 
is ‘coming’ or how it is ‘here’, and 
how promising metal Binder Jetting 
(we’ll call it metal BJT from now 
on) is for a new age in metal AM, 
to make less expensive parts in 
industries that dreamed that they, 
too, could be blessed by the benefits 
of AM. Ambitious new players 
have declared their intentions to 
embrace the promise of metal BJT. 
New systems have been announced. 
Funding and investments have 
flowed into the space with breath-
taking speed and impressive scope. 

And then, while this article was 
in preparation, the Earth shook for a 
moment, as two of the five practi-
tioners and suppliers of commercial 
metal BJT systems announced 
that they were joining forces: 
Desktop Metal is to pay a total 
value of $575 million for ExOne. 
This acquisition, which still awaits 

regulatory approval and closing, 
was an unexpected seismic shift 
in the relatively sedate and incre-
mental world of metal AM. Perhaps 
'earthshattering' would be going too 
far; I am of the school that values 
conservatism and pragmatism in 
assessing industry developments 

– but the Desktop Metal – ExOne 
deal is the AM industry’s equiva-
lent of, say, BMW merging with 
Daimler. Or perhaps Manchester 
United combining with Manchester 
City – OK, I exaggerate slightly, but 
I hope readers will get the point: 
this is big. 

Binder Jetting – at once the new kid on the block yet one of the industry's 
earliest processes – holds the promise of taking metal Additive 
Manufacturing into the territory of true high-volume production. Yet progress 
towards this goal appears to be struggling, with machine sales lower than 
many hoped and two new 'big players' appearing to be holding back on full 
commercialisation. In this report, Joseph Kowen considers the development 
of this industry to date, the obstacles facing its growth, and, of course, 
the recent announcement of two of Binder Jetting's biggest rivals coming 
together in the most unexpected acquisition.       

The evolving story of metal 
Binder Jetting: The pain and 
the promise

Binder Jetting: The pain and the promise

Fig. 1 Binder Jetting was one of the earliest metal AM technologies to be 
commercialised, yet today it lags behind Laser Beam Powder Bed Fusion in 
terms of machines sold (Courtesy ExOne)
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If the absorbing story of the 
development of metal BJT was 
worthy of analysis and review before 
the Desktop Metal – ExOne transac-
tion, then it is only more so now. The 
original purpose of this article was to 
take a bird’s eye view of metal BJT, 
to understand who the players are 
and the true status of the technology 
as it strives to become a full-fledged 
tool in the manufacturer’s arsenal. 
Along the way, we’ll get some sense 
of where BJT is right now compared 
to other metal AM technologies. 
Through the pages of this publica-
tion and its sister publication Metal 
AM magazine, metal BJT has been 
well covered in recent years, so I will 
resist the urge to delve too deeply 
into technical issues; expert informa-
tion on technical issues is available 

in the archives, and I urge those 
who want to obtain a deeper under-
standing to avail themselves of the 
quality information published there.

Market penetration – a 
small base

According to Ampower, a consultancy 
specialising in metal AM, the global 
installed base of metal BJT machines 
was 275 units, as of the end of 2020. 
This includes early machines that did 
not produce fully dense, pure metal 
parts and reflects the entire base of 
BJT machines sold into the market.  
It is impossible to predict how many 
of them are still in operation. By 
comparison, around 10,600 Laser and 
Electron Beam Powder Bed Fusion 

(PBF-LB and EB) machines have been 
shipped as of the end of the past year. 
Metal Powder Bed Fusion is by far the 
most dominant metal AM technology 
in the market today, and demands 
most of the attention of the metal AM 
industry. Despite some shortcomings 
and high part prices, metal PBF has 
found applications, such as in aero-
space and medical, where it makes 
sense to produce parts by AM.

In 2020, metal BJT accounted 
for only 3% of metal AM machine 
sales revenue, or approximately €27 
million. PBF accounted for 81%. 
Ampower forecasts that BJT machine 
sales revenue will reach 8% of the 
total metal AM machines market by 
the year 2025, or €225 million, which 
works out to a compound annual 
growth rate (CAGR) of 53.1%. By 
comparison, Ampower forecasts that 
the metal PBF segment will grow 
over the same period at a CAGR of 
‘only’ 20.4%. The common wisdom 
is that BJT will grow at high velocity 
because it’s working off a very low 
base, and yet, by the end of 2025, it 
was projected to remain at less than 
10% of the total value of metal AM 
machines. 

A long history

A reasonable conclusion that could 
be drawn from these market penetra-
tion forecasts is that a fresh new 
technology, starting to get trac-
tion in the market, will outpace the 
market growth of the leading metal 
AM technology by a factor of more 
than two. But you would be wrong. It 
turns out that Binder Jetting, of which 
metal BJT is but one example, is one 
of the earliest technologies in the 
AM market. For a variety of reasons, 
metal BJT was overtaken by PBF in a 
significant way. 

The origin of Binder Jetting goes 
back to an idea developed at MIT by 
a team led by Emanuel Sachs. The 
original patent was filed in December 
1989, and eventually awarded in 
April 1993. Looking back at the 
process described in the patent, 
the concept seems quite simple, 
and perhaps even obvious (Fig. 2). 

"According to Ampower, a consultancy 
specialising in metal AM, the global 

installed base of metal BJT machines 
was 275 units, as of the end of 2020 [...] 

By comparison, around 10,600 Laser 
and Electron Beam Powder Bed Fusion 
(PBF-LB and EB) machines have been 

shipped..."

Fig. 2 A diagram from the original patent for Binder Jetting, filed in 1989 and 
awarded in 1993
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A layer of porous or powder mate-
rial is spread on a build plate and a 
binder material is selectively jetted 
through an inkjet head at parts of 
the powder layer corresponding to 
the cross section of the object that 
you desire to ‘print’. The build plate 
drops down a notch, more powder 
is spread across the plate, and the 
next layer is printed with binder, and 
so on. A three-dimensional object 
is built up by selectively gluing 
together layer-upon-layer of bonded 
powder material. A key advantage of 
building a part on a powder bed is 
that the non-bound powder serves as 
a support layer to buttress under-
cuts and internal cavities. When 
the unbound powder is removed, 
the additively manufactured part is 
revealed in its unstrengthened, or 
‘green’, state. 

The basic concept has not 
changed much over all the years 
since it was first invented. MIT called 
the process 3DP and, at first, it used 
a weak plaster material, which was 
strengthened by infiltration with an 
adhesive chemical. The wisdom of 
the patent was that it foresaw the 
use of a range of different powder 
materials and binding agents, such 
as ceramics, plastics and metal 
powders. MIT licensed the process 
to various companies, each in a 
different application area. Z Corp 
(later acquired by 3D Systems) 
received a licence for general 
modelling, while Generis licensed 
the process for sand printing, and 
Therics took a license for 3D printed 
pharmaceuticals. In time, a process 
for binding metal powder was also 

licensed. The first Z Corp system 
for building bonded plaster models 
was launched in 1996. In April 1999, 
Extrude Hone (now ExOne) installed 
its first ProMetal RTS300 machine for 
building metal parts at Motorola. At 
the time, the sintered metal powder 
parts required infiltration with a 
molten metal, such as bronze, to 
achieve strength and higher density 
– but this meant that the parts often 
lacked the metallurgical properties 
required for final end-use parts.

Wohlers Associates publishes 
an annual report that serves as 
the industry’s guide and chronicles 
the latest developments in the AM 
industry, which not only reflects the 
state of the industry, but also serves 
to record its historical develop-
ment. Opening the Wohlers Report 
of, say, 2005, one gets a snapshot 
of the status of metal BJT for that 
year. The report reviewed all the 
metal AM processes then existing 
in the market. It reported that, as of 
that year, Prometal had thirty-one 
commercial installations worldwide. 
To put that into perspective, EOS had 
ninety commercial installations by 

then. Concept Laser, today part of GE 
Additive, had thirteen, Phenix (later 
3D Systems) had four. MCP Group, 
the forerunner of MTT, which eventu-
ally spawned SLM Solutions, had an 
installed base of only ten machines. 
We can speculate as to the reasons 
why the promising metal Binder 
Jetting technology, which, in 2005, 
was holding its own in the industry, 
lost out to metal PBF in such a 
big way. One reason was probably 
metallurgy. I am going to speculate 
that another was the technologically 
sensitive, time-consuming and chal-
lenging process of converting green 
parts to final parts. As we shall see, 
this issue continues to challenge the 
technology and hinder its develop-
ment to this today. 

Today’s BJT companies 

There are not a large number of 
BJT providers out there, and, as we 
have already noted, their numbers 
are getting smaller. Table 1 is an 
overview of the players in the order 
in which they entered the market. In 

Manufacturer Country
First BJT 

installation
Website 

ExOne USA 1999 www.exone.com

Digital Metal Sweden 2016 www.digitalmetal.tech

HP USA 2018 www.hp.com/us-en/printers/3d-printers.html

3DEO* USA 2018 www.3deo.co 

Desktop Metal USA 2019 www.desktopmetal.com

GE Additive USA 2019 www.ge.com/additive

Table 1 Today’s BJT machine manufacturing companies (*Available as service only)

“We can speculate as to the reasons 
why the promising metal Binder 

Jetting technology, which in 2005 was 
holding its own in the industry, lost out 

to metal PBF in such a big way. One 
reason was probably metallurgy."

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


PIM International     September 202182 © 2021 Inovar Communications Ltd   Vol. 15 No. 3

| contents | news | advertisers | events | website | e-newsletter |Binder Jetting: The pain and the promise

Table 2 Fully commercialised BJT machines (* Also available with build volumes of 250 x 217 x 186 mm)

Table 3 BJT systems not yet commercially launched

Manufacturer
Machine 

name 
Link to machine

Build volume (mm)

X Y Z

ExOne Innovent+
www.exone.com/en-US/3D-printing-systems/metal-3d-

printers/Innovent
160 65 65

ExOne M-Flex
www.exone.com/en-US/3D-printing-systems/metal-3d-

printers/M-Flex
400 250 250

ExOne X1 160Pro www.exone.com/en-US/X1-160Pro 800 500 400

ExOne X1 25Pro
www.exone.com/en-US/3D-printing-systems/metal-3d-

printers/X1-25Pro
400 250 250

Digital Metal DM P2500* www.digitalmetal.tech/printer-line/dm-p2500/ 250 217 70

Desktop Metal P1 www.desktopmetal.com/products/production 200 100 40

Desktop Metal P50 www.desktopmetal.com/products/production 490 380 260

Desktop Metal Shop System www.desktopmetal.com/products/shop 350 222 200

Manufacturer Machine name Link to machine
Build volume (mm)

Note
X Y Z

ExOne InnoventPro 3L
www.exone.com/en-US/Advanced-

InnoventPro-Metal-3D-Printer
3 and 5 litre versions

Not commer-
cially launched

HP HP Metal Jet
www.hp.com/us-en/printers/3d-
printers/products/metal-jet.html

430 320 200
Taking future 

orders

GE Additive H2 www.ge.com/additive/binderjet 400 400 267
Not commer-

cially launched

GE Additive Series 3 www.ge.com/additive/binderjet 500 500 500
Not commer-

cially launched

Company Materials

ExOne*

Metals 17-4PH 304L 316L
M2 Tool 

Steel
Inconel 

718

Composites 
(40% bronze)

X1 Metal 
316i

X1 Metal 
420i

Tungsten 
bronze

Digital Metal Metals 316L 17-4PH D2 Ti6Al4V
Inconel 

625
MAR 
M247

Copper

HP Metals 316L 17-4 PH

3DEO Metals 316L 17-4 PH

Desktop 
Metal

Metals 316L 17-4 PH 4140

GE Additive Metals 316L 

* Additional materials have been approved by customers for their private use

Table 4 Qualified material availability from machine producers
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total, there are only eight metal BJT 
systems in full commercial release 
(Table 2). Four other systems have 
been announced, demonstrated or 
are installed at beta customers, as 
shown in Table 3. Available mate-
rials from all the BJT providers are 
presented in Table 4. 

ExOne
As we have seen, ExOne’s first metal 
BJT machine was sold more than 
twenty years ago. The company 
currently sells four machines. A fifth 
machine, the InnoventPro, has been 
announced, but is not yet commer-
cially available. In 2020, ExOne sold 
thirty-three metal BJT systems; in 
2019 and 2018, the company sold 
twenty-one and thirty units, respec-
tively. The company offers the widest 
range of approved materials of any 
of the companies in the market – 
this stands to reason, given that the 
certification of materials is a time-
consuming task, and ExOne has 
been at it longer than anyone else in 
the BJT sphere. Approved materials 
include composite metals containing 
bronze, as well as five pure metal 
materials. The company also sells 
a small machine designed for R&D 
activities so that customers can 
develop their own material process 
for their internal needs using a wide 
range of materials that are not offi-
cially approved; the company lists 
twelve customer qualified metal 
materials. As noted, in August 2021 
Desktop Metal announced it was 
acquiring ExOne. The company also
sells a line of sand binder jet 
printers for the foundry industry.

Digital Metal
This company began its life in 2003 
as a Swedish startup called Fcubic, 
which was acquired by Swedish 
metal powder giant Höganäs 
in 2012. For many years, the 
company resisted the urge to sell 
its machines, and offered a parts 
service only; the thinking was that 
it wished to perfect the process 
before making systems available on 
the open market. It helped that the 
venture had solid financial backing 
from an industrial group that had 

Binder Jetting: The pain and the promise

Fig. 3 A demonstrator part by ExOne from several years ago that highlights 
metal BJT's ability to produce small, complex components (Courtesy ExOne)   

Fig. 4 99.9% pure copper BJT components manufactured by Digital Metal. The 
excellent thermal and electrical conductivity properties of pure copper make 
it ideal for a wide range of applications, such as electronics, heat exchangers, 
heat sinks and engine parts. Copper AM also offers unprecedented freedom, 
enabling design for optimal functionality with very few restrictions (Courtesy 
Digital Metal)

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


PIM International     September 202184 © 2021 Inovar Communications Ltd   Vol. 15 No. 3

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

deep experience with sintered metal 
components for industrial applica-
tions. It began selling systems in 
2017 and, today, machine sales 
make up the largest part of the 
company’s revenue. Seven certified 
materials are available for use on 
Digital Metal machines, for which 
it guarantees a level of quality and 
performance. Its latest material is 
pure copper. The company predicts 
a good market for heat sink compo-
nents in electronics. 

HP
One of HP’s strategic strengths is 
its homegrown inkjet technology, 
which it has perfected over its many 
years in the traditional printing 
business. In 2016, the company 
entered the Additive Manufacturing 
industry with its Multi Jet Fusion 
machine for polyamide parts. Since 
it had already developed a platform 
for printing on powder, it was a 
relatively natural next step to adapt 
the platform to metal BJT. Real-

Binder Jetting: The pain and the promise

ising that while HP is well endowed 
with printing technology, it is less 
equipped to manage sintering 
processes, and so it partnered with 
Metal Injection Moulding specialists 
GKN and Parmatech at the outset. 

Volkswagen AG reported in 
June this year that it is using HP 
metal BJT technology at its main 
plant in Wolfsburg, with the aim of 
producing up to 100,000 metal AM 
components a year by 2025. Golfing 
equipment manufacturer Cobra 
partnered with HP and Parmatech 
to produce a limited edition metal 
BJT golf putter in November 2020 
(Fig. 5). HP is taking pre-orders on 
its Metal Jet machine, but it is not 
yet available on general commercial 
release.

3DEO
3DEO does not sell machines, but 
no summary of metal BJT would 
be complete without mentioning 
the company. 3DEO offers a parts 
service that uses its proprietary 

platform to create binder jetted-like 
green parts. The machine’s sweet 
spot is in the production of smaller 
parts. It differs from traditional BJT 
in that it does not selectively jet 
a binder onto powder, but rather 
dispenses a binder over the entire 
layer and then removes mate-
rial where it is not needed with a 
precision milling system. 3DEO is 
based in California. In July this year 
the company announced that it had 
shipped its millionth production part 
within the first two years of opera-
tion.

Desktop Metal
No company in recent memory 
has created more of a stir in the 
AM industry than Desktop Metal. 
The company was founded in 2015 
in Boston, Massachusetts, USA, 
by a group that included, by some 
quirk of karmic fate, Dr Emanuel 
Sachs, the original lead inventor 
of MIT’s Binder Jetting process. 
The company is the most prolific 
fund raiser in the history of AM, 
raising no less than $437 million 
in its first few years. In August 
2020, the company announced it 
was merging with Trine in a SPAC 
deal that netted the company a 
further $575 million, including 
$300 million in assets already 
invested in Trine. During 2021, 
the company has embarked on 
what might be referred to as a 
‘shopping spree’ of investments in 
AM-related companies. In January, 
it announced it was acquiring 
Envisiontec, a polymer AM company, 
for $300 million, and, in August, it 
announced its intention to acquire 
ExOne (more on that later). The 
company produces three metal BJT 
systems. 

Desktop Metal's Production 
System (its line of large metal 
BJT machines) is commercially 
available, having begun shipping 
in March 2019. In December 2020 
the company unveiled the P-1, a 
version of the Production System 
designed to bridge the gap between 
bench top development and mass 
production on the full size version of 
the system, which is now called the 

Fig. 5 Cobra Golf partnered with HP and Parmatech to produce a limited 
edition metal BJT golf putter in November 2020 (Courtesy Cobra Golf)
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P-50. A P-1 model was purchased by 
Ford in January 2021. In November 
2019, the company announced a 
further BJT machine, the medium-
sized Shop System, designed for 
use in machine shops and metal job 
shops. Shop Systems are currently 
installed at early adopters that 
include Cetim and Wall Colmonoy. 
Global shipments of the Shop System 
began in November 2020.

GE Additive
GE Additive was a surprise entry 
into the BJT race. The company 
already has significant positions in 
both electron and laser beam PBF 
systems. In late 2017, the company 
released a picture of a metal BJT 
system called the H1, which had been 
developed internally in record time. 
Interestingly, GE Additive, until that 
point, had not displayed any develop-
ments or knowledge in inkjet printing 
technology, although it did have 
powder expertise through its metal 
PBF activities. 

Binder Jetting: The pain and the promise

In May 2019, the company 
announced that it had supplied 
betas of its H2 machine to Wabtec 
and Cummins, although, in fact, the 
machines were initially being operated 
from within GE’s facilities. No further 
commercial release details have been 
announced for the machines, and 
they are not featured as a catalogue 
item by the company. However, the 
company does conduct webinars 
that promote metal BJT, and talks 
freely about the systems that have 
been developed, including a series 3 
machine that has not been mentioned 
in any formal release by the company. 

In May this year, Cummins 
announced that it was finalising its 
first production part made using GE’s 
metal BJT technology on an in-house 
GE Additive BJT machine (Fig. 6). The 
part, a Cummins Emission Solutions 
(CES) lance tip adapter used in high 
horsepower engines, is now moving 
through Cummins’ production part 
approval process (PPAP) for formal 
approval (Fig. 7).

Where is the BJT market 
today?

We have already seen the figures 
for the number of machines 
installed and the run rate for new 
BJT systems. The market develop-
ment of the technology has been 
anything but dramatic. One of the 
main reasons for this is that, like 
many new technologies, working out 
bugs and adoption hurdles is not as 
simple as it first looks. In the case 
of BJT, it is not just the technology 
itself that needs to be fine-tuned, 
but, in fact, a number of users 
interviewed for this article indicated 
that the Binder Jetting process itself 
is the easier part of the equation 
(which is not to say the machines 
themselves all work flawlessly). 
Given the accumulated knowledge in 
precise liquid printing systems and 
inkjet technology, it is reasonable 
to assume that experienced engi-
neers will solve many of the final 

Fig. 6 Cummins currently has two second-generation GE Additive Binder Jetting machines, one at its Additive 
Manufacturing Lab in Columbus, Indiana and one at GE Additive’s Disruptive Innovation Lab near Cincinnati, Ohio 
(Courtesy Cummins Inc.)
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teething issues associated with this 
technology. One BJT user predicted 
that the machines themselves will 
have been perfected within the next 
two years. 

However, since BJT relies heavily 
on downstream processes, in 
particular debinding and sintering, 
mastery of the BJT process is 
dependent not just on the ability to 
use a Binder Jetting machine, but 
on a user’s knowledge of converting 
green parts into functional produc-
tion parts with maximum consistency 
and accuracy, and minimum scrap. 
Sintering knowledge, it turns out, is 
not available in abundance and is not 
easily learned. The process is full 
of variables that have to be deeply 
understood, from furnace operation 
and maintenance to atmospheres 
and debinding/sintering cycle 
optimisation. Whilst the finer points 
of the sintering process are not trade 
secrets, the expertise gained over 
decades brings competitive advan-

tage. Whatever the case, the bottom 
line is that sintering expertise is often 
hard to come by. 

So it is not by chance that the early 
adopters of metal BJT have come 
predominantly from the ranks of the 
MIM community. Materials for both 
applications are very similar and 
downstream processing of BJT green 
parts is similar to the debinding and 
sintering of MIM parts. It’s a comfort-
able zone for these manufacturers. 
They have the equipment, and they 
have the knowledge. While there 
certainly still is a learning curve for 
BJT parts production, MIM specialists 
begin that learning process from a 
solid foundation.

There is another reason why MIM 
companies have developed a fondness 
for metal BJT. This time it’s a busi-
ness reason: BJT can do things that 
MIM cannot do, and it can do things 
that MIM can do, but more quickly, 
when this is necessary. Tooling is the 
critical path for MIM, and compli-

cated tooling can take a long time 
to make. BJT can play an important 
role in bridge manufacturing. While 
cost is usually the parameter for 
determining break-even, there are 
situations where the time break-even 
is no less important. 

Time break-even analysis poses 
the following question: how many 
parts can be manufactured in the 
period between the submission of the 
design and the time it would take to 
make the tool? Since a complicated 
tool could take a long time to make, 
it is possible to make thousands of 
parts even before the first MIM part 
could see the light of day. Parmatech, 
the original MIM specialist and holder 
of the first MIM patent, advertises a 
lead time for production MIM tooling 
of 8–14 weeks. A large number of 
parts can be binder jetted before 
the first MIM part is moulded. For 
some applications, and in a variety of 
situations, that is going to be a huge 
competitive and marketing advantage.

Binder Jetting: The pain and the promise

Fig. 7 Cummins Inc. is finalising its first production part, a Cummins Emission Solutions (CES) lance tip adapter used in 
high horsepower engines, using GE Additive's Binder Jetting technology. Here, the parts are shown in a large debinding 
and vacuum sintering furnace at Cummins supplied by Elnik Systems Inc. (Courtesy Cummins Inc)
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Apart from time, BJT also offers 
design uniqueness that can differ-
entiate the project from standard 
MIM parts. This is a common theme 
is many areas of the AM world. 
However, this advantage depends 
on the ability of engineers to create 
designs that take full advantage of the 
benefits that AM has to offer. Design 
for Additive Manufacturing (DfAM) 
remains a speed bump in the devel-
opment of applications for AM. DfAM 
comes in many flavours: designing 
for BJT is going to be different 
than designing for metal PBF, for 
example. We could call it Design for 
Binder Jetting. DfBJT knowledge is 
a key factor in the success of BJT. 
Digital Metal refers to this concept as 
‘Design for Sintering’.

MIM company activities

Whilst there is evidence that almost 
all MIM companies are exploring the 
potential of sinter-based AM to some 
extent, below are profiles of some of 
the more visible adopters of BJT.

GKN
GKN Powder Metallurgy (GKN) runs 
a MIM operation within its GKN 
Sinter Metals business and is one of 
Europe’s largest MIM producers. It 
also operates a division called GKN 
Additive, which makes both plastic 
and metal AM parts using a variety 
of technologies. GKN was an early 
adopter of BJT, along with other AM 
technologies. GKN Powder Metal-
lurgy is also a manufacturer of metal 
powders for PM, AM and MIM and 
has adopted a strategy of integrating 
PM, MIM and AM parts manufacturing 
services as downstream businesses 
to its powder manufacturing.

At the 2018 International Manu-
facturing Technology Show (IMTS), 
GKN and HP announced that they 
would collaborate to produce metal 
BJT parts on HP’s newly announced 
Metal Jet system. GKN became one of 
two service providers offering metal 
parts as a service to the market on 
behalf of HP as it developed its BJT 
platform for a broader market. The 
company now runs five HP machines: 

two are used in R&D to develop new 
Binder Jetting powders, and three 
are integrated within the GKN Sinter 
Metals business for the manufacture 
of production parts. 

Simon Höges, the director of Addi-
tive Manufacturing technology at GKN 
Additive, says typical lot sizes start 
at hundreds of parts, going as high 
as 20,000 parts. He sees a growing 
number of projects under consid-
eration that involve much higher 
numbers of parts. A successful part 
should have a unique design that 
exploits the advantages of AM in order 
to compete with standard MIM parts 
– traditional designs will in almost 
all cases be best manufactured by 
MIM for larger quantity projects when 
time is available for the production of 
tooling.

GKN and HP have also collabo-
rated to make BJT parts for 
Volkswagen, a project which was 
announced in 2018. In June 2021, 
the car maker announced plans to 

produce 100,000 BJT parts per year 
by 2025. As a kickoff project for the 
companies, GKN binder jetted 11,000 
scaled down metal models of the 
Volkswagen ID.3 as marketing givea-
ways (Fig. 8). 

Indo-MIM
Indo-US MIM Tec. Pvt. Ltd., 
Bengaluru, India, is one of the world’s 
largest manufacturers of MIM parts 
for aerospace, automotive and other 
industries, and operates manufac-
turing facilities in Bengaluru and in 
San Antonio, Texas, USA. In May 2019, 
the company entered into a strategic 
partnership with Desktop Metal, 
under which it deployed a Desktop 
Metal Production System at its San 
Antonio facility. 

Jag Holla, Senior VP Marketing of 
Indo-MIM’s US operations, agreed 
that BJT is complementary to its 
core business, but that it was not 
going to replace tried and tested 
MIM solutions for the most part. 

Binder Jetting: The pain and the promise

Fig. 8 GKN and HP are collaborating to make BJT parts for Volkswagen. In 
June 2021, plans were announced to produce 100,000 BJT parts a year by 
2025. GKN has binder jetted 11,000 models of the ID.3 as marketing giveaways 
(Courtesy GKN) 
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The company’s MIM knowledge is 
a critical factor in enabling them 
to successfully employ BJT with 
minimum disruption and learning 
curve cost. Generally, MIM is 
cheaper for larger quantities of 
parts, though Holla expects this will 
change as knowledge about DfAM 
expands among customers and 
build speed increases. 

The model of using BJT as a 
complementary solution to its MIM 
operations has been successful 
enough for Indo-MIM to be plan-
ning its implementation at its Indian 
facility, modelled on its experience 
in the US market, to serve markets 
in Asia.

Parmatech
Yet another MIM specialist that 
was drawn to BJT by the promise 
of offering its customers AM parts 
when it makes sense is Parmatech, 
California, USA. The company has 
specialised in MIM part production 
since 1973, and was acquired by ATW 
in 2003 from Carpenter Technology.

Like its peers, Parmatech was 
drawn to BJT by the possibility of 
leveraging its extensive powder and 
sintering knowledge to produce 
MIM-equivalent parts without the 
need for tooling. In September 2018, 
Parmatech partnered with HP to offer 
a BJT parts service based upon HP’s 
newly announced Metal Jet printer. 

Binder Jetting: The pain and the promise

As previously mentioned, in 2020, 
Parmatech and HP partnered with 
golf club manufacturer Cobra to 
produce the first production metal 
additively manufactured golf putter. 
While the applications of Binder 
Jetting generally focus on engineered 
parts for industries such as automo-
tive, this limited-edition product hints 
at other markets that could become 
viable products for BJT. High-end 
sports products, including custom-
made products, could become a 
reality for sports such as golf or 
cycling. Design-driven performance 
improvements are an attractive prop-
osition for competitive sportspeople, 
professional or amateur, who would 
be willing to pay more to improve 
their performance. 

The challenges of 
automation

A recurring theme in conversa-
tions with metal BJT users is that 
automation of the process and 
post-processing of parts is one of 
the biggest hurdles facing would-be 
adopters of the technology. Most 
manufacturers of metal BJT systems 

“The model of using BJT as a 
complementary solution to its MIM 

operations has been successful 
enough for Indo-MIM to be planning 

its implementation at its Indian facility, 
modelled on its experience in the US 
market, to serve markets in Asia."

Fig. 9 Metal BJT parts promoted by Indo-MIM and produced on Desktop Metal's Production System. The company 
believes that its MIM knowledge is a critical factor in enabling the company to successfully employ BJT with minimum 
disruption and learning curve cost (Courtesy Indo-MIM)
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do not give much detailed attention 
to automation of the process chain. 
And the lack of a holistic approach 
to the process is not confined to BJT 
only. In a previous article in Metal AM, 
we found that lack of automation is 
a significant hurdle for metal PBF as 
well.

One interviewee for this article 
indicated that a vision of a one-click 
process to produce BJT parts is still 
a way off. By that, he meant that the 
idea of loading a file into a machine 
and waiting for a finished part to pop 
out the other end of the machine 
will remain a dream for now. Even if 
one were to have the best sintering 
knowledge available, the process 
chain of moving powder through a 
jetting process to a green part, to 
debinding and sintering, to finishing is 
a series of processes strung together 
that rely primarily on manual effort. 
Minimising that effort is a challenge. 
Third party process chain solution 
providers often lack the incentive to 
develop new systems to automate the 
process because of the small size of 
the potential. 

So, who should fund the develop-
ment of process chain solutions? 
There are signs that machine manu-
facturers themselves are starting to 
address these issues. Digital Metal 
announced the launch of the DPS 
1000 automated depowdering station 
that is used in conjunction with its DM 
P2500. Recognising from their own 
AM operations with the machine that 
manual depowdering was an expen-
sive and time-consuming operation, 
the company set about to alleviate 
the problem through the develop-
ment of an automated solution. “A 
key benefit of the DPS 1000 for Digital 
Metal customers is that it will free up 
time, and also bring consistency by 
removing the human factor from the 
equation,” stated Alexander Sakra-
tidis, Sales and Marketing Manager 
at Digital Metal. Two machines have 
already been shipped to customers.

Since the parts are depowdered 
in a green state, it is important that 
the depowdering process remove 
only loose powder, and not damage 
the part itself. This is achieved 
using an automated nozzle blowing 

compressed air in exactly the right 
location to remove the powder 
without affecting the part. Almost all 
powder is removed, requiring manual 
removing of very small amounts from 
inside the most complicated designs. 
At present, the depowdered green 
parts are collected in a container 
at the base of the machine and 
placed manually on a base plate for 
introducing into the debinding and 
sintering stages of the process. In the 
future, according to Sakratidis, this 
will also be automated through use of 
a pick and place robot.

While this system is far from being 
a one-click, automated manufac-
turing process from start to finish, 
it is one of only very few automated 
offerings across the full breadth of 
the AM industry. 

Generally, machine manufacturers 
have had little to offer customers, 
who either had to fend for themselves 

or rely on third-party solutions that 
often lack the nuances that can be 
the difference between successful 
and unsuccessful solutions, espe-
cially in nascent technology areas. 
What is more, third-party providers of 
automation systems, who might have 
the knowledge to provide technical 
solutions, might lack an economic 
incentive to develop solutions for 
early-stage niche markets.

Digital Metal has taken an impor-
tant step in setting a new standard 
for addressing automation in an AM 
process: it has taken full respon-
sibility to provide users with an 
integrated solution – in this case, 
for powder removal. The Wohlers 
Report estimates that the company 
has an installed base of twenty-seven 
machines worldwide. That is hardly 
the size of market that would be 
attractive for third parties to enter of 
their own volition to pursue a busi-

Fig. 10 Digital Metal's DPS 1000 automated depowdering station is used in 
conjunction with its DM P2500. An automated nozzle blows compressed air 
in exactly the right location to remove the powder without affecting the part 
(Courtesy Digital Metal)
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ness opportunity. Digital Metal has 
proactively injected itself into this 
equation and provided the proverbial 
chicken that will lay eggs, realising 
that a total process chain is what 
will eventually result in selling more 
machines. 

Industry rumours indicate that 
other machine manufacturers are 
also addressing this issue at one 
level or another, even though solu-
tions have not been announced. 
However, many feel that the failure 
to give sufficient attention to process 
chain automation is a serious hurdle 
which metal BJT must traverse 
before the industry can develop to 
the next stage. It would be incon-
ceivable for an electric vehicle 
company to launch a car without a 
recharging solution in place. 

Process automation in BJT is 
more important than process auto-
mation in many other AM processes, 
and it is unreasonable to expect the 
customer base to find its own solu-
tions. It is incumbent upon machine 
manufacturers to devote additional 

resources to these processes. 
Process automation should be 
viewed not as ‘nice to have’, but as a 
strategic necessity. That is not to say 
that each machine provider should 
develop the entire process in house 
– in fact, it has been shown that 
companies developing new technol-
ogies should focus their activities on 
the core technology. But this should 
not mean that machine providers 
are freed from the responsibility to 
provide an overall process solu-
tion. They may not be expected to 
develop the entire process them-
selves, but we should expect that 
the machine manufacturer assume 
full responsibility for ensuring the 
development of solutions. After all, 
it is in the long-term interest of 
machine manufacturers to make 
adoption of their systems as smooth 
as possible. Yes, taking responsi-
bility for the development, whether 
internal or through external part-
nerships, costs money. But as we 
have seen, many of the companies 
involved in BJT do not lack funding 

or corporate backing, and the sooner 
they embrace this responsibility 
in full, the shorter the process of 
ramping up BJT technology will be. 
Failure to do so will only further 
delay the more widespread adoption 
of metal BJT. 

The Big Deal

So, having observed the current 
status of BJT, seen who is in this 
segment and what the extent of their 
activities is, we can summarise that 
the market for BJT is technologically 
promising, yet negligible compared 
to competitive metal AM technolo-
gies. We can state that the critical 
hurdles are a lack of knowledge in 
sintering, insufficient understanding 
of Design for Sintering, and lack of 
process chain automation, leading 
to inefficiencies and inconsistencies. 
We can point to the fact that it takes 
time to approve materials, not to 
mention the effort and time to certify 
parts for larger-scale production. 

Fig. 11 Desktop Metal's Production System shown in an industrial setting (Courtesy Desktop Metal)
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So, against this backdrop, what 
was going through the minds of 
ExOne and Desktop Metal when they 
announced The Big Deal? Gener-
ally, companies in fast-developing 
markets do not merge as they try 
to take market share. The transac-
tion was presented as a joining of 
forces for the benefit of both, and for 
propelling a promising technology 
forward for the industry at large. 
Some have said that Desktop Metal 
provided the capital that ExOne did 
not have to move ahead quickly to 
capitalise on the potential, while 
others suggest different reasons.

When Desktop Metal went public 
in late 2020, it communicated with 
investors the huge potential of metal 
BJT. That is why the company could 
justify such an enormous valuation 
of $1.8 billion on a very low revenue. 
The most significant projection in the 
company investment presentation of 
August 2020 was this: Desktop Metal, 
a company then projected to close 
the year with sales of between $15 
and 25 million (in the end they closed 
the year with sales of $19 million), 
was projecting that by 2025 it would 
sell $942 million – that meant a 
CAGR of 87% over five years. 

In the opinion of many industry 
observers, the only way that such 
a figure could be achieved was by 
acquisition. This explains Desktop 
Metal’s shopping spree, which 
included acquisitions unconnected to 
the metal BJT space which served as 
the justification for the stratospheric 
projections (and company valua-
tion) in the first place. That is how 
Desktop Metal came to own Envi-

siontec, a polymer AM company that 
addresses markets and applications 
which Desktop Metal was unfamiliar 
with at that point. 

One can assume that Desktop 
Metal needed to augment its top 
line, but how does this explain that, 
in its attempt to grow the business, 
it bought the one available company 
that offers a similar line of products? 
It could have bought anyone, so why 
ExOne? A careful look at the industry 
growth figures and technological 
hurdles that we described earlier 
suggests another answer. Perhaps 
Desktop Metal acquired ExOne 
not because the BJT market was 
exploding, but for exactly the oppo-
site reason: despite the promise of 
a technology that could open up vast 
new AM markets, it was not devel-
oping as fast as everyone had hoped. 
It is possible that Desktop Metal's 
need for revenue created for ExOne 
an opportunity to exit at an attractive 
valuation.

Conclusion

Looking at the table of commercially 
available machines, we see that if 
this acquisition is to be approved, 
seven of the eight commercially 
launched machines would be 
provided by the single merged 
companies. Perhaps it will not be 
approved, or perhaps it does not 
need approval because the deal is 
too small. We can see that other 
offerings from serious competitors 
are close to coming to market. We 
are not qualified to speculate on the 

“Perhaps Desktop Metal acquired 
ExOne not because the BJT market was 
exploding, but for exactly the opposite 

reason: despite the promise of a 
technology that could open up vast new 
AM markets, it was not developing as 

fast as everyone had hoped...”

antitrust aspects, but it seems as if 
competition in this space has taken 
a knock. And as we know, competi-
tion is the fuel of innovation; some 
BJT users have expressed frustra-
tion that the merger might affect 
innovation in metal BJT. And as 
we have seen, innovation is going 
to be needed to overcome some of 
the hurdles that still lie ahead for a 
technology that is behind where it 
was expected to be by now.

Many in the industry hope that 
the investments needed to give 
metal BJT a push towards devel-
oping a more mature solution will 
be made. It is in everyone’s interests 
to ensure that metal BJT has the 
resources and the attention needed 
to propel the technology forward in a 
reasonable time frame.

The bottom line on metal Binder 
Jetting: guarded optimism about the 
future, and broad recognition of the 
promise. But there is still work to 
be done. 
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The winners in the 2021 Powder Met-
allurgy Design Excellence Awards 
competition, sponsored by the 
Metal Powder Industries Federation 
(MPIF), were announced during the 
International Conference on Powder 
Metallurgy and Particulate Materials 
(PowderMet2021), held in Orlando, 
Florida, USA, from June 20–23, 2021. 
In the competition, a total of six 
Grand Prizes and sixteen Awards of 
Distinction were presented across 
the manufacturing categories of 
press and sinter Powder Metallurgy, 
Metal Injection Moulding and metal 
Additive Manufacturing.

This year, as in previous years, 
the awards were dominated by 
winners in the MIM category, receiv-
ing a total of thirteen awards. Why 
the success of MIM? In part, the 
awards highlight the continuing 
innovation seen in this sector, but 
it should also be noted that MIM's 
markets are far more diverse than 
the automotive-heavy Powder Metal-
lurgy industry, with the winning MIM 
parts used in a wide range of appli-
cations, from firearms to electronic 
devices.

Grand Prizes

Aerospace/Military/Firearms 
Category MIM 
In the Aerospace/Military/Firearms 
Category for MIM components, a 
Grand Prize was awarded to ARC 
Group Worldwide for an enclosed 

striker used in the firing mechanism 
of a commercial handgun (Fig. 1). 
The position of the tip to the primary 
body of the component is said to be 
critical for part functionality.

The part is made in a two-cavity 
mould, with strategic tool design and 
staging being implemented. Post 

During the International Conference on Powder Metallurgy and Particulate 
Materials (PowderMet2021), held in Orlando, Florida, USA, the MPIF 
announced the winners in its 2021 PM Design Excellence Awards. As in 
previous years, the awards were dominated by innovative parts produced 
by Metal Injection Moulding, which once again showcased the impressive 
versatility the process can bring to component design, and its potential as 
a truly competitive manufacturing technology. Here, we report on a truly 
diverse collection of award winning MIM parts.

MPIF PM Design Excellence 
Awards 2021: Metal Injection 
Moulding in the spotlight 

Powder Metallurgy Design Excellence Awards

Fig. 1 A Grand Prize was awarded to ARC Group Worldwide for an enclosed 
striker used in the firing mechanism of a commercial handgun (Courtesy MPIF)
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sintering, HIP and heat treatments 
were performed to increase mechan-
ical properties, and the parts are 
finished with an E-nickel coating.

Hand Tools/Recreation Category 
MIM 
A Grand Prize was also awarded to 
ARC Group Worldwide in the Hand 

Tools/Recreation Category for MIM 
components, for a quick-disconnect 
assembly used for a variety of 
small handheld devices such as 
binoculars, cameras, and firearms 
(Fig. 2). Utilising MIM allowed for a 
near-net-shape moulded assembly 
and enabled the incorporation of 
smooth transitions and rounded 

edges, as well as the elimination of 
any machining marks on the visible 
portions of the parts.

Medical/Dental Category MIM 
In the Medical/Dental Category for 
MIM components, a Grand Prize was 
given to OptiMIM for a compression 
frame used in a Nextremity Solu-
tions Lapidus System for holding 
and aligning the targeting drill 
guide during tarsometatarsal fusion 
(Fig. 3).

The parts are produced using 
MIM-420 stainless steel in a single-
cavity open-and-shut mould with two 
slides. The first forms the rectangu-
lar opening and the second the two 
holes at a 60° angle on the opposite 
end of the frame. The parts are sized 
in a die with two slides so that forces 
can be applied in perpendicular 
directions to the parts.

Awards of distinction

Automotive – Transmission 
Category MIM 
In the Automotive – Transmission 
Category for MIM components, a 
further Award of Distinction was 

Fig. 2 ARC Group Worldwide also received a Grand Prize for a quick disconnect assembly used in a variety of small 
handheld devices, such as binoculars, cameras and firearms (Courtesy MPIF)

Fig. 3 A Grand Prize was awarded to OptiMIM for a compression frame used in 
a system for holding and aligning the targeting drill guide during foot surgery 
(Courtesy MPIF)
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given to ARC Group Worldwide for 
a worm gear used in a transmis-
sion locking mechanism (Fig. 4). 
MIM was selected because of the 
complexity of the helical gear teeth 
and the adjacent shaft geometry. 
Custom staging furniture is used 
for sintering the parts, which 

Fig. 4 An Award of Distinction was given to ARC Group Worldwide for a worm gear used in an automotive transmission 
locking mechanism (Courtesy MPIF)

Fig. 5 A Indo-MIM Pvt. Ltd. received an Award of Distinction for an oil spray piston cooler used in automotive systems 
(Courtesy MPIF)

require no secondary operations 
to be functional in the mating 
assembly. 

In the Automotive – Transmis-
sion Category for MIM components, 
an Award of Distinction was also 
presented to Indo-MIM Pvt. Ltd. for 
an oil spray piston cooler (Fig. 5). 

The MIM-4605 parts are used in the 
engine of heavy vehicles and were 
previously made by machining. 
Holes are formed by two different 
slide pins at different angles in the 
tool, and the side core has to travel 
through the centre pin with a delay 
mechanism.
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Aerospace/Military/Firearms 
Category MIM 
In the Aerospace/Military/Firearms 
Category for MIM components, 
an Award of Distinction was given 
to Indo-MIM Pvt. Ltd. for a frame 
chassis, part of a pistol assembly 
(Fig. 6). The parts are made using 
MIM-17-4 PH in the H900 condition. 
Prior to MIM the parts were machined 
from bar stock by the customer. The 
MIM parts meet 80% of the required 
part features with the remainder 
being machined by the customer, 
reducing the machining cycle by 70%. 

In the Aerospace/Military/Firearms 
Category for MIM components, an 
Award of Distinction was also given 
to Advanced Powder Products Inc. 
and its customer Savage Arms for a 
bolt handle for a hunting rifle (Fig. 7). 
The part assists with loading the next 
round of ammunition and in removing 
the shell after it has been fired. The 
complex curvature and intricate 
design presented challenges with 
moulding and sintering. MIM process-
ing was able to convert a two-piece 
design machined from bar stock to a 
single piece MIM part.

Industrial Motors/Controls & 
Hydraulics Category MIM 
An Award of Distinction was given 
to Indo-MIM Pvt. Ltd. in the Indus-
trial Motors/Controls & Hydraulics 
Category for MIM components for 
a casing and ground used in indus-
trial gas sensors (Fig. 8). Both parts 
require high magnetic permeability 
and low coercive field strength. The 
ground has many holes and threads, 
and the casing is a complex part with 
thin walls, sectional differences, and 
three threaded holes on the outer 
walls.

Hardware/Appliances Category MIM 
In the Hardware/Appliances Category 
for MIM components, an Award of 
Distinction was awarded to Indo-MIM 
Pvt. Ltd. for a knob shaft, clutch, 
knob shield, core plug, core body, 
and control sleeve actuator used in 
door locks (Fig. 9). The previously 
machined stainless-steel parts have 
intricate profiles, thin walls, multiple 
holes, blind threads, aesthetic 

Fig. 6 An Award of Distinction was given to Indo-MIM Pvt. Ltd. for this frame 
chassis used in a pistol assembly (Courtesy MPIF)

Fig. 7 Advanced Powder Products Inc. and its customer Savage Arms were 
presented with an Award of Distinction for a bolt handle used in a hunting rifle 
(Courtesy MPIF)

Fig. 8 An Award of Distinction was given to Indo-MIM Pvt. Ltd. for these 
components for a casing and ground used in industrial gas sensors (Courtesy 
MPIF)
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Fig. 9 Indo-MIM Pvt. Ltd. received an Award of Distinction for a knob shaft, clutch, knob shield, core plug, core body 
and control sleeve actuator used in door locks (Courtesy MPIF)

Fig. 10 ARC Group Worldwide also received an Award of Distinction for a key blade used in an electronic security 
system (Courtesy MPIF)

requirements, and sectional differ-
ences adding to the complexity of the 
part. 

In the Hardware/Appliances 
Category for MIM components, an 
Award of Distinction was presented 
to ARC Group Worldwide for a key 
blade used in an electronic security 
system (Fig. 10). Sintering requires 

custom staging to minimise dis-
tortion of the delicate geometries 
critical to part functionality. The parts 
require two sizing steps to ensure 
twelve critical dimensions meet the 
customer specifications. Fitment to 
the mating part and the aesthetic 
appearance of the primary visual 
surface was essential.

Medical/Dental Category for MIM
In the Medical/Dental Category 
for MIM components, an Award of 
Distinction was given to ARC Group 
Worldwide for a pusher used in the 
ratcheting assembly for the consist-
ent placement of high-viscosity adhe-
sives in incisions, used as an alterna-
tive to sutures or staples in surgical 
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Fig. 11 An Award of Distinction was given to ARC Group Worldwide for this 
pusher component used in the ratcheting assembly of a device for the 
placement of adhesives in incisions, used as an alternative to sutures or 
staples in surgical procedures (Courtesy MPIF)

Fig. 13 An Award of Distinction was awarded to Indo-MIM Pvt. Ltd. for a sensor 
housing used in an electronic device (Courtesy MPIF)

Fig. 12 Alpha Precision Group and its 
customer Elite Biomedical Solutions 
were given an Award of Distinction for 
this component used with IV pumps 
(Courtesy MPIF)

procedures (Fig. 11). Strategic tool 
design, venting and a three-plate pin 
gate allow complete material fill of 
the complex part geometry, keeping 
distortion to a minimum and allowing 
tight profile and dimensional require-
ments to be maintained.

An Award of Distinction was also 
given in the Medical/Dental Category 
for MIM components to Alpha Preci-
sion Group – Metal Injection Molding 
and its customer Elite Biomedical 
Solutions for an LVP door latch for an 
IV pump (Fig. 12). The component has 
a tight tolerance on the hole position 
for the assembled roller. In use, the 
roller is latched on to a mating com-
ponent that the company also makes 
to complete the latch/hook mecha-
nism. The parts are made in house 
from start to finish and the machining 
and multi-stage assembly are consid-
ered value added to the customer.

Electronics/Electrical Components 
category MIM
In the Electronics/Electrical Compo-
nents category for MIM components 
an Award of Distinction was awarded 
to Indo-MIM Pvt. Ltd. for a sensor 

housing made from 316 L stainless 
steel and used in an electronic device 
(Fig. 13). Previously machined, the 
complex, mostly hollow parts have a 
U-shaped geometry with an open slot 
at the rear end and a through-hole at 
the front, with another hole passing 
horizontally through the slot.

www.mpif.org

Powder Metallurgy Design Excellence Awards

For more information on the award 
winning MIM part producers, visit:  

www.arcw.com
www.optimim.com
www.indo-mim.com
www.alphasintered.com
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The camera lens protectors on some 
of the newest models of Apple’s 
iPhones used over the past three 
years led a wave of new technol-
ogy development in the 3C industry 
(Fig. 1). Produced from CoCrMo alloy 
(ASTM F75) powder manufactured 
by Jingye Lide Additive Manufactur-
ing Co., Ltd and formed using Metal 
Injection Moulding, this material 
offers high strength and no magnetic 
interference, making it the ideal alloy 
for a variety of applications in smart-
phones, including parts that improve 
data transmission, offer higher 
quality images, and unparalleled 
component design freedom. Parts 
made from Jingye Lide’s F75 powder 
accounted for more than 80% of the 
total shipments of this component in 
the past three years and more than 
300 million people are using this MIM 
part on a daily basis. 

The predecessor to Jingye Lide 
Additive Manufacturing Co., Ltd. was 
Shijiazhuang Lide Powder Materi-
als Co., Ltd., established in 1996. 
Here, the early technical support in 
the field of metal powder produc-
tion came from China Iron and Steel 

Research Institute Group (CISRI). 
In 2009, Lide began manufactur-
ing MIM-grade 304L stainless steel 
powder, having started with atomised 
copper powder, selling only about 50 
tons in that year. 

At that time, Lide was determined 
to focus on the research and produc-
tion of stainless steel powders for 
MIM. In the same year, it cooperated 

with Pony Testing International Group 
Co., Ltd. to ensure that all products 
were manufactured in accordance 
with the requirements of the Euro-
pean Union’s environmental protec-
tion directives. Samples were sent to 
Pony for analysis and the preparation 
of data for Restriction of Hazardous 
Substances (RoHS) and REACH, and 
Material Safety Data Sheets. 

The dramatic growth of China's Metal Injection Moulding industry over the 
past decade has not only seen MIM producers thrive, but it has driven major 
investments in metal powder production capabilities. One of the biggest 
success stories is that of Jingye Lide Additive Manufacturing Co., Ltd., a 
company whose production has grown from 50 tons of atomised powder in 
2009 to 4,000 tons in 2020. It is planning to increase capacity to 40,000 in 
the near future. Dr Chiou Yau Hung (Dr Q) reports on a recent visit to the 
company for PIM International.  

Jingye Lide: The story of an 
ambitious journey to become the 
world's largest MIM-grade metal 
powder manufacturer 

Powder production at Jingye Lide

Fig. 1 The camera lens protector in the latest Apple iPhones is made by MIM 
in CoCrMo alloy (ASTM F75) at Jingye Lide Additive Manufacturing Co., Ltd 
(Courtesy Apple)
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Fig. 2 Year on year sales growth in powder tonnage at Jingye Lide, compared 
with total MIM sales in Greater China, from 2009–2020 

Since that time, China’s MIM 
industry has seen sales grow dra-
matically year by year, and Lide’s 
powder production capacity and 
sales have expanded with it. In 2018, 
the company expanded its atom-
ised powder production line for 
the second time, with the addition 
of 4,600 tons of annual production 
capacity. As can be seen in Fig. 2, 
the total tonnage of powder sales 
at Jingye Lide has grown year by 
year from 50 tons in 2009 to 4,000 
tons in 2020. Shijiazhuang Lide 
Powder Materials was incorporated 
into Jingye Group in 2019, and the 
establishment of Jingye Lide Additive 
Manufacturing Co., Ltd. followed in 
2020. 

Joining the Jingye Group

The Jingye Group, headquartered in 
Pingshan County, Hebei Province, 
China, is a large-scale steelmak-
ing business (Fig. 3), and the firm 
makes a significant contribution 
to China’s GDP growth every year. 
The group is mainly engaged in the 
production of steel products, and is 
composed of Headquartered Steel, 
Ulanhot Steel, Yunnan Jingye Steel 
and Guangdong Jingye Steel. It is a 
multinational enterprise group that 
engages in deep processing of steel 
and Additive Manufacturing, as well 
as the international trade, tourism, 
and hotel businesses, and has also 
cooperated with British Steel over-
seas. The total number of employees 
currently exceeds 31,000, and this 
number is increasing every year. 
In 2020, the group's sales revenue 
was RMB 2,244 billion (approx. 
$35.1 billion). 

Jingye Lide Additive Manufactur-
ing Co., Ltd.’s team is comprised 
of a mix of young, highly motivated 
employees, as well as very experi-
enced senior materials engineers, 
with the combined result being a 
strong team well positioned to serve 
the MIM and metal AM industries, as 
well as the magnetic powder materi-
als industry (Fig. 4). Many of the team 
members used to be classmates in 
middle school, university and/or at 
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Fig. 3 Jingye Group steelmaking plant, positioned behind the company's 
headquarters (Courtesy Jingye Lide) 

Fig. 4 A group of young employees at Jingye Lide Major (Courtesy Jingye Lide)
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research institutes. Throughout the 
working life of Jingye Lide staff, the 
company offers a variety of learning 
courses for ongoing professional 
development, and offers schooling 
from elementary to middle school for 
employees' children. 

Metal powders produced by 
Jingye Lide

At present, the bulk of Jingye Lide’s 
sales are generated by two catego-
ries of gas atomisation: conventional 
gas atomisation, and combined 
water-gas atomisation (Fig. 6). 

Gas atomised powder
Jingye Lide produces two kinds 
of gas atomised powder. The 
first is a coarse-grained powder 
(100~150 µm), used primarily for 
laser cladding and repairs on Jingye 
Group's internal steel-making equip-
ment, with at least 50 tons used per 
year. The second, a medium-grade 
particle size powder (15~100 µm), 
is used primarily in Additive Manu-
facturing processes such as Laser 
Beam Powder Bed Fusion (PBF-
LB), Electron Beam Powder Bed 
Fusion (PBF-EB), and powder-based 
Directed Energy Deposition (DED). 
The volume of medium-grade par-
ticle size powder produced is about 
200 tons/year.

Water-gas combined atomised 
powder
Jingye Lide uses combined water-gas 
atomisation to produce a wide range 
of fine grade powders (3~25 µm) 
mainly used in the MIM industry. At 
present, the company can produce 
at least 2500 tons of MIM stainless 
steel powder annually. MIM powder 
grades are also suitable for metal 
Binder Jetting (BJT), with the use of 
comparatively low-cost MIM powders 
in sinter-based AM processes prom-
ising to expand demand in future 
industrial applications.

Combined water-gas atomisa-
tion is also used to produce fine 
grade soft magnetic metal powder 
(3~50 µm), used for passive elec-
tronic components with magnetic 

“Jingye Lide uses combined water-gas 
atomisation to produce a wide range 

of fine grade powders (3~25 μm) 
mainly used in the MIM industry. At 

present, the company can produce at 
least 2500 tons of MIM stainless steel 

powder annually.”

Fig. 5 From left to right: Vivian Song, Overseas Sales Manager, Dr Q (author)  
and Xu Hanxing, Deputy General Manager of Jingye Lide

Fig. 6 Gas atomisation powder production lines at Jingye Lide (Courtesy 
Jingye Lide)
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functions. This grade of powder has 
a volume of 1200 tons/year. A surge 
in demand for soft magnetic materi-
als, including powders, is expected 
after the advent of 5G communica-
tion.

Material classifications
The powder categories produced 
by Jingye Lide are divided approxi-
mately into iron-based and stain-
less steel materials; soft magnetic 
materials; copper and copper alloys; 
cobalt alloys, etc. Other special 
materials are also accepted by 
customers, but these must comply 
with standard international material 
specifications. At present, the best-
selling of the company’s powders 
are stainless steels 304L, 316L and 
17-4PH, and soft magnetic FeSiCr 
powder. 

Additive Manufacturing 
services 

Jingye Lide also operates as a 
contract manufacturer for metal AM 
parts, shipping finished AM compo-
nents to customers including private 
enterprises, the military, and govern-
ment agencies in China and abroad. 
The types of products additively 
manufactured by the company cover 
applications in aviation, aerospace, 
military engineering, chemical engi-
neering and general engineering. 

Jingye Lide additively manu-
factures parts using a number of 
PBF-LB and PBF-EB machines 
(Fig. 8), running nearly twenty-
four hours a day. Recently, Jingye 
Lide has also used AM to produce 
MIM pre-production sample parts, 
helping to overcome the challenges 
around the selection of final designs 
by MIM customers before a tool is 
ordered.

Looking to the future 

This year, Jingye Lide joined the 
China Powder Metallurgy Alliance 
(CPMA)’s ‘R&D share’ platform. As a 
raw material supplier, the company 
deeply understands the manufactur-

Powder production at Jingye Lide

“In the near future, the company plans 
to promote its second and third phase 

plans; increasing from the original 
twenty to eighty combined water-gas 

atomisation production lines; increasing 
from four to twenty gas atomisation 

production lines...”

Fig. 7 SEM image of ASTM F75 produced on Jingye Lide’s water-gas combined 
atomisation line (Courtesy Jingye Lide)

Fig. 8 Jingye Lide additively manufactures parts using a number of PBF-LB 
and PBF-EB machines (Courtesy Jingye Lide)
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ing process, and aims to share this 
knowledge to advance the future of 
China’s metal powder industry as a 
whole. 

In order to provide a complete 
solution for its metal powder prod-
ucts, Jingye Lide also recently added 
new manufacturing equipment to 
help with materials and applica-
tion development. These include 
an additional injection moulding 
machine, feedstock mixer and granu-
lator, catalytic debinding furnace, 
and vacuum sintering furnace for the 
complete MIM process chain, a laser 
cladding machine, further metal AM 
equipment, and magnet pressing 
equipment. The company has also 
added a range of quality inspection 
equipment.

Jingye Lide is now situated in the 
Jingye Group Industrial Park and will 
be able to benefit from the advan-
tages of this location going forward. 
In the near future, the company plans 
to promote its second and third phase 
plans, increasing from the original 

Powder production at Jingye Lide

twenty to eighty combined water-gas 
atomisation production lines; increas-
ing from four to twenty gas atomisa-
tion production lines; and increasing 
the number of AM machines installed 
in house from eleven to twenty. It is 
expected that this will bring the com-
pany’s total metal powder production 
capacity to a combined 40,000 tons/
year. In continuing development along 
these lines, Jingye Lide aims to be the 
world's largest specialist atomised 
metal powder production facility.

As Xu Hanxing, Deputy General 
Manager of Jingye Lide, stated, "Our 
goal is to achieve the lowest cost of 
metal powder, sharing the benefits 
with our customers and their custom-
ers, and help the powder forming 
industry to replace those processes 
and industries that cause an envi-
ronmental burden." Hanxing is keen 
to convince the world of the bright 
future of metal powder technol-
ogy and approaches the future with 
this mantra in mind: "Based on raw 
materials, broaden MIM applications. 

The global MIM industry can change 
the world together. The future has 
already been planned by us. We 
must rely on ourselves to realise the 
future."

Author

Dr Q (Y H Chiou)
You neeD Technical Office
chiou_yh@yahoo.com.tw

Contact

Vivian Song
Overseas Sales Manager
Jingye Lide 
lidepowder@gmail.com
www.lidemimpowder.com

Fig. 9 A digital rendering of the planned future layout of Jingye Lide (Courtesy Jingye Lide)
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Widely known metal Additive Manu-
facturing processes such as Laser 
Beam Powder Bed Fusion (PBF-LB) 
are expensive and generally energy 
intensive [1]. More recently, the 
Additive Manufacturing of metal 
parts via Binder Jetting (BJT), typi-
cally using MIM grade powders, has 
also come to the fore. However, 
metal Binder Jetting machines are 
usually quite expensive, and the 
additively manufactured green part 
may be prone to breakage if not 
carefully handled. In comparison, 
Material Extrusion (MEX) processes 
such as Fused Filament Fabrication 
(FFF), also known as Fused Deposi-
tion Modelling (FDM), are cheap, and 
the processes' low energy consump-
tion offers the potential to produce 
functional metal parts at low cost [2]. 

FFF machines are more readily 
available and easier to operate than 
conventional metal AM machines. 
Metal FFF uses a highly filled poly-
meric filament containing more 
than 90% by weight metal powder 
to create ‘green’ metal parts, 
which then go through debinding 
and sintering steps to produce 

metal parts that are close to fully 
dense. The process of using FFF to 
produce metal parts from sinterable 
feedstock is described in detail else-
where [1].

While the economic and techno-
logical benefits of producing metal 
parts via FFF are clear, it is essential 
to investigate the mechanical proper-
ties of the resulting parts in order to 
select meaningful and suitable appli-
cation areas. It has been reported 

that the mechanical properties of FFF 
plastic parts are highly dependent 
on the build, or printing, param-
eters due to the anisotropic nature 
of the FFF process. Typical build 
parameters that highly influence the 
mechanical properties of FFF parts 
include printing nozzle temperature, 
z-direction layer thickness, printing 
speed, print nozzle diameter, extru-
sion multiplier or flow percent, infill 
pattern and infill density [3]. 

In this article, Dr Samuel von Karsa-Wilberforce, Emery Oleochemicals, 
Germany, and co-authors report on the tensile strength of sintered 316L 
specimens produced via Fused Filament Fabrication (FFF), a Material Extrusion 
(MEX)-based Additive Manufacturing process. The parameters studied include 
printing nozzle temperature, flow percent or extrusion multiplier and nozzle 
diameter of print head. The 316L feedstock filaments are based on Emery 
Oleochemicals’ evolutionary binder system, which has been used in MIM for 
more than thirty years. The partner in the study for debinding, sintering and 
mechanical testing is CMG Technologies Ltd, UK.

How build parameters influence 
the tensile strength of 316L 
parts produced by Fused 
Filament Fabrication

Tensile strength in FFF

Fig. 1 316L feedstock filament, 2.85 mm diameter
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To that end, this article reports on 
the tensile strength of sintered stain-
less steel specimens produced with 
316L feedstock filament via the FFF 
process at varying printing parame-
ters. Three main printing parameters 
were investigated: printing nozzle 
temperature (PNT), flow percent 
(FL%) and print nozzle diameter 
(PND). The green 316L stainless steel 
tensile specimens were produced 
with feedstock filament containing 
thermoplastic binder developed 
by Emery Oleochemicals [4]. The 
benefits of this binder system include 
high powder loading capability, excel-
lent green part stability and solvent 
debinding at low temperature, among 
others.

Production of 316L 
stainless steel feedstock 
filament

The 316L feedstock granules were 
compounded using water atomised 
316L metal powder with a particle 
size D90 of approximately 10 µm 
and the binder components from 
Emery Oleochemicals. The 316L 
metal powder was supplied by 
CMG Technologies Ltd, UK. The 
binder system mainly consisted 
of the LOXIOL® 2472 plasticiser, 
produced exclusively by Emery 
Oleochemicals, and a polyamide 
copolymer. The compounded 316L 
feedstock granules contained more 

than 90 wt.% 316L metal powder 
and extruded into 2.85 mm diameter 
feedstock filaments using a single 
screw system (Fig. 1). The green 
density of the 316L feedstock fila-
ment was 4.85 g/cm3. 

During filament production, the 
diameter was measured every 1 mm 
in 2 axes with ± 0.8 µm accuracy. 
Certified laser measuring devices 
were used to be sure that the meas-
urement results are reliable.

The Additive Manufacturing 
of 316L tensile specimens

CMG Technologies supplied the STL 
file for the tensile specimen. The 
STL file was modified using Cura 
Additive Manufacturing software 
to compensate for shrinkage after 
sintering of approximately 16% in 
both x/y- and z-directions and to 
generate the input file for the AM 
machine, known as the g-code file. 
The printer-specific g-code file 
tells the AM machine what actions 
to perform to build the part. The 
Epsilon W27 3D printer from BCN3D 
Technologies, Spain, was employed 
to produce the green 316L tensile 
specimens. The build parameters 
used on the printer were varied as 
in Table 1, leading to three different 
PNTs x three different FL%s x two 
PNDs = 18 settings. The following 
printing parameters were kept 
constant at the following values:

0.6 mm PND 0.8 mm PND

PNT (°C) FL% PNT (°C) FL%

155 110 155 110

160 110 160 110

165 110 165 110

155 120 155 120

160 120 160 120

165 120 165 120

155 130 155 130

160 130 160 130

165 130 165 130

Table 1 Variation of build parameters to produce green tensile specimens

Fig. 2 316L tensile specimens showing as-printed green tensile specimen on top and as-sintered tensile specimen on 
bottom
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• Build speed of 15 mm/s, 

• z-direction layer height of 
0.3 mm 

• Infill density of 100%

• Grid infill pattern

• Bed & closed build room 
temperature of 25°C

• Material on printing bed is blue 
painter’s tape

• Wall-infill overlap of 15%

• Two bottom layers and two top 
layers

• Infill line directions of [0.90]

Post-processing of 316L 
tensile specimens

Solvent debinding and sintering of 
the green tensile specimens were 
carried out by CMG Technologies. 
Solvent debinding of the tensile 
specimens was carried out in 
acetone at 42°C for approximately 
eight hours, followed by a 3–5 hour 
drying time at room temperature to 
remove the residual acetone. The 
average binder loss during acetone 
debinding was approximately 5.4 
wt.%. The remaining backbone 
polymeric binder component was 
removed at 500–600°C followed 
by sintering at 1260°C in hydrogen 
atmosphere for approximately 
1 h 30 min holding time to obtain 
the fully sintered 316L tensile speci-
mens (Fig. 2). 

Mechanical testing of 
sintered 316L tensile 
specimens

CMG Technologies carried out 
tensile testing of the sintered speci-
mens. Uniaxial tensile testing of the 
longitudinal test specimens was 
executed according to BS EN ISO 
6892-1 – 2019 standard to obtain 
the tensile strength at break. Since 
the tensile specimens were built in 
the x/y-direction the data obtained 
represent the tensile strengths in 
the x/y-direction only. The tensile 
strength at break was calculated 
as a ratio of the force at break and 

the average nominal cross-sectional 
area of the tensile specimen, which 
was calculated to be approximately 
16.26 mm2.

Influence of PNT on tensile 
strength

It has been reported that the 
mechanical properties of FDM parts 
vary with varying PNT. Therefore, the 
PNT, if carefully chosen, can have 
a positive effect on the mechanical 
properties. It has been shown that 
the tensile strength of additively 
manufactured Polylactide (PLA) 

specimens improved with increasing 
PNT [3]. The improvement in tensile 
strength of PLA at high PNT was 
attributed to the increase in the 
fluidity of molten PLA, facilitating 
the adhesion of the newly deposited 
PLA strand on the previous one and 
thus bond width between extruded 
raster increased which resulted in an 
improved strength [3].

The results of the tensile testing of 
the sintered 316L specimens showed 
a similar result - the tensile strength 
improved with increasing PNT at all 
FL% and PND (Fig. 3 and Fig. 4 show 
this increase for FL% at 120% for 
both 0.6 mm and 0.8 mm PND). 

Fig. 3 The effect of nozzle temperature on tensile strength at flow rate of 120% 
for print nozzle of 0.6 mm 

Fig. 4 The effect of nozzle temperature on tensile strength at flow rate of 120% 
for print nozzle of 0.8 mm 
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The tensile strength of the 
sintered part is highly dependent 
on the bonding strength of layers 
or extent of layer adhesion in the 
green part. With increasing PNT, 
the polymeric binder gains more 
fluidity and driving force to effec-
tively bond the feedstock layer 
on the previous layer. This allows 
for increased interlayer adhe-
sion between the two layers of the 
green specimens. The increased 
interlayer adhesion with increasing 
PNT results in increased tensile 
strength of the sintered specimen.

Influence of FL% on tensile 
strength

The extrusion flow rate percent or 
extrusion multiplier is a parameter 
in the AM machine’s software 
that dictates how much material 
is extruded from the nozzle. By 
default, this is set to 100% in the 
machine software. By adjusting this 
value below or above 100%, part 
properties such as tensile strength 
and density can be affected. A very 
high FL% can lead to over extrusion 
with clogging, and a very low FL% 

can lead to under extrusion with 
voids in part. Within the range of 
extrusion FL% investigated in this 
study, that is, from 110-130%, the 
tensile strength of the sintered 
316L specimens increased with 
increasing extrusion FL% for all 
PNT and PND. Figs. 5 and 6 show 
this increase for PNT of 160°C for 
both 0.6 mm and 0.8 mm PND. 

With increasing extrusion 
FL% more material is deposited 
to fill voids within the green part 
which might act as weak points 
or stress concentrators, leading 
to a more compact green part. As 
a result, the tensile strengths of 
the sintered specimens for parts 
printed at higher extrusion FL% 
tend to be higher.

Influence of PND on 
tensile strength

It has been reported that the 
mechanical properties of FDM 
parts can be controlled by varying 
the PND. By controlling the nozzle 
size and layer thickness, it is 
possible to control the air gap 
between adjacent plastic strands 
[3]. It was reported that the 
ultimate tensile strength of PLA 
parts increased with increasing 
PND from 0.3 mm to 0.6 mm. 
This was attributed to a reduction 
in voids or air gap between 
adjacent layers with increasing 
PND, as confirmed by scanning 
electron microscopy. As the 
nozzle diameter was increased, 
the raster became wider. As a 
result, overlapping and fusion 
between neighbouring strands 
occurred [3]. Other authors 
have attributed this increase in 
strength with increasing PND to 
the gravitational force that helps 
to spread the melted plastic and it 
is more efficient for large nozzle 
diameters [3].

The results of the tensile 
testing of the sintered 316L speci-
mens also showed that the tensile 
strength increased for the larger 
PND at all FL% and PNT (Figs. 7 
and 8). 

Fig. 5 The effect of extrusion flow percent on tensile strength at a print nozzle 
temperature of 160°C for a print nozzle of 0.6 mm

Fig. 6 The effect of extrusion flow percent on tensile strength at a print nozzle 
temperature of 160°C for a print nozzle of 0.8 mm
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With a larger PND, there are 
fewer interfaces between strands 
as single strands are larger and 
less strands per cm2 are needed, 
reducing the number of weak points 
in the part. Moreover, for larger 
PND, the raster becomes wider, 
resulting in overlapping between 
nearby layers and better interlayer 
adhesion in the green part. This 
mechanism then translates into high 
tensile strength of the sintered 316L 
specimens for parts printed with 
larger PND.

Table 2 summarises all results 
for influence of PNT, FL% and PND 
on tensile strength.

Conclusion

In this study, the influence of FFF 
printing parameters on the tensile 
strength of sintered 316L specimens 
is reported. The build param-
eters investigated include nozzle 
temperature, extrusion flow percent 
or extrusion multiplier and nozzle 
diameter. 

The tensile strength at all 
flow rates and nozzle diameters 
increased with increasing nozzle 
temperature. This was attributed 
to more fluidity and, hence, better 
interlayer adhesion at higher 
temperatures. With increasing 
extrusion flow rate, the tensile 
strength was found to increase. 
More voids are filled within the 
part at higher extrusion flow rates, 
leading to a more compact struc-
ture. The tensile strength at all 
nozzle temperatures and flow rates 
were higher for the larger nozzle 
diameter than the smaller nozzle 
diameter. Printing with a larger 
nozzle allows for reduction in the 
interfaces between strands, thus 
reducing the number of weak points 
in part.

The optimisation of the g-code 
to obtain the best build parameters 
for the filament is more critical than 
trying to achieve the best part with 
the same printer adjustments or 
g-code using different filaments. 
Tuning of the printing parameters, 
be it software or hardware printer 

Fig. 7 The effect of print nozzle diameter on tensile strength at a print nozzle 
temperature of 160°C and flow rate of 120% 

Fig. 8 The effect of nozzle diameter on tensile strength at a print nozzle 
temperature of 165°C and flow rate of 130%

Table 2 Influence of printing parameters on tensile strength in MPa
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0.6 mm PND

PNT(°C) / FL% 110 120 130

155 303 309 332

160 322 326 394

165 347 381 394

0.8 mm PND

PNT(°C) / FL% 110 120 130

155 328 390 464

160 362 407 478

165 371 434 491
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parameters, allows for the best use 
of the filament in question. Addi-
tionally, the creation of high-quality 
green parts of course leads to high 
quality sintered parts.

Clearly, the FFF build param-
eters play a vital role in determining 
the mechanical properties of the 
sintered part. More studies need 
to be carried out to investigate the 
effect of other build parameters, 
as this will enable selection of the 
right applications and the tailoring 
of mechanical properties for the 
intended application. Potential 
further work could be the study 
of the influence of z-layer height, 
infill structure or pattern, infill 
line directions, wall-infill overlap% 
and printing speed on the tensile 
strength of sintered 316L speci-
mens.

Tensile strength in FFF
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