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CataMIM®

« Adirect 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

WWW.ryerinC.Com « Faster cycle times
« 65°C/150°F mold temperature

AquaMIM®

« Water Debind

+ Custom scale-up factors available

+ Large selection of available materials

SolvMIM®

+ Solvent, Super Critical Fluid Extraction (SFE) or
D Thermal Debind methods

« Hundreds of materials available

+ Custom scale-up factors available

« AtRYER, all our feedstocks are manufactured to the highest level of

quality, with excellent batch-to-batch repeatability.

« RYERis 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
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The competitive
advantage of MIM’s
green credentials

Metal Injection Moulding has for decades been considered

a green technology. As a high efficiency manufacturing
process, often producing parts to net shape and with minimal
material waste, the very things that make MIM green also

make MIM competitive.

For many, the comfort of this knowledge was ‘good enough’
not to push further. Global circumstances, however, from
climate change to higher energy costs and raw materials
supply concerns, are now prompting MIM producers
around the world to take a closer look at where further
improvements to MIM'’s sustainability can be made.

What is clear is that to fully understand the environmental
impact of the MIM process, a detailed and methodical life
cycle analysis has to be carried out - involving the entire
process chain. What this means for MIM producers is
explored in detail in our lead article by Dr Frank Petzoldt and
Dr Sebastian Boris Hein (page 61).

Whilst the outcome of this work will without doubt lead to
both reduced costs and a reduced carbon footprint, being
able to quantify the environmental impact of specific MIM
parts compared to alternative processes - especially at the
point of tendering for contracts - will become ever more

valuable.

With the Yokohama World PM2024 congress on the horizon,
perhaps this meeting point of the global MIM industry will be
an opportunity to meet and drive forward progress on this
topic with a global effort.

Nick Williams

Managing Director & Editor

Cover image

A sintered component produced by
low-cost filament-based Material
Extrusion (MEX) technology (Courtesy
Sascha Lenze)
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I'..; Desktop Metal.

NEW PACKAGES AVAILABLE

The Shop System”

Now offering an expanded lineup of the
world’s best-selling metal binder jet machine

Shop System Shop System+ Shop System Pro

The original plug-and-play A more economic solution for A more flexible solution for
solution from Desktop Metal to high-power customers to reduce  customers with powder

get started 3D printing metal operating costs with locked in metallurgy experience that
parts fast - no prior binder jetting  discounts on DM powder and unlocks custom printing and
experience required binders sintering process parameters
Everything you need at an Lower the cost of additive Expand beyond DM-supplied
affordable price. Intuitive operations and improve part costs  alloys to new applications or
software drives a complete to drive faster ROl with the same reduce operating costs through
system, from 3D printer and plug-and-play experience and the use of third-party or
depowdering station to an materials as the base package proprietary powders

industrial-grade furnace

Learn more by downloading the Shop System specifications
teamdm.com/ShopPackages
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61 Evaluating Metal Injection Moulding
as a green production technology

Sustainability is a topic that concerns all
of us, from individuals to societies and
industries. As we face increasingly difficult
environmental challenges, discussions
about sustainability and our contribution
towards it are ongoing in many areas of
our daily lives. This is, of course, also true
for the Metal Injection Moulding industry.
Whilst MIM is already considered a green
technology compared to alternative
processes, there are still considerable
opportunities for improvement that can be
identified through life cycle assessment and
carbon footprint analysis.

Dr Frank Petzoldt and Dr Sebastian
Boris Hein consider the complex task of
evaluating MIM as a green technology
within this context. >>>

71

Simulating sintering furnaces:

A ‘check-and-act’ solution to
optimse MIM and sinter-based AM
production

The consistent high quality of sintered
parts produced by Metal Injection
Moulding, or AM processes such as Binder
Jetting, can only be achieved with stable
manufacturing conditions. Inhomogeneous
and transient temperatures in sintering
furnaces are one area where variability can
be difficult to manage. This article outlines
how simulation can lead to an optimal set
up for the sintering process - or at least a
best compromise - via the assessment of
many possible process variations.

Dr Gotz Hartmann and Dr Wilfried Schafer,
MAGMA GmbH, and Dr Jesper Thorborg,
Technical University of Denmark, share the
results of recent research. >>>

09 Industry news >>>
111 Advertisers’ index & buyer’s guide >>>

114 Events guide >>>
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Quality, Experience and
Customer Relationships

We are driven by these values.

Elnik’s innovations and experiences in all areas of temperature and atmosphere
management have led us to become the leaders for the Batch-based Debind and Sinter
equipment industry. We have applied these core competencies across a wide variety

of industries through our 50 year history and look forward to the emergence of new
technologies that will continue to drive demand for new innovative products.

We offer:
First Stage Debind Equipment (Catalytic, Solvent, Water)
Debind & Sinter Furnaces (All Metal or Graphite)

Elnik's experienced team is driven to be the only partner you need
for all your MIM and Metal AM equipment for 2022 and beyond.

=L o

SYSTEMS

107 Commerce Road | Cedar Grove, NJ 07009 USA | +1973.239.6066 | elnik.com
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Don’t panic! A hitchhiker’s guide to metal
Fused Filament Fabrication (FFF)

This is a story from what once looked like the edge of

the metal Additive Manufacturing universe. A decade

ago, the idea of a MIM feedstock-like filament for Fused
Filament Fabrication (FFF) was the stuff of beer talk, but
then things started to happen. Through a Facebook group
called 'FFF Metal 3D printing’ | discovered what felt like
an underground community, driven by the seemingly
impossible prospect of ‘printing metal’ on a shoestring
budget. Amongst the dramatic images of failed builds and
small piles of melted steel, posts by Sascha Lenze stood
out.

Here, he shares the story of L.B. Bohle Maschinen und
Verfahren GmbH's journey towards the Material Extrusion
(MEX) of metal-containing filaments for industrial applica-
tions. Welcome to the new frontier! >>>

MIM2023: Industry insights from the
International Conference on Injection Moulding
of Metals, Ceramics and Carbides

The 2023 International Conference on Injection Moulding
of Metals, Ceramics and Carbides (MIM2023), organised
by the Metal Powder Industries Federation (MPIF)'s Metal
Injection Molding Association (MIMA), was held in Costa
Mesa, California, USA, from February 27 to March 1,
2023. As well as being the annual meeting point of the
US MIM community, the event attracts an international
audience and has broadened in scope to include sinter-
based Additive Manufacturing processes. Dr Animesh
Bose reviews some highlights from the MIM2023 technical
programme. >>>

09  Industry news >>>

111 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. >>>
114 Events guide

View a list of upcoming events for the MIM, CIM &
sinter-based AM industries. >>>

105
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Greening MIM: How
Arburg is supporting
energy and cost
reductions in injection
moulding facilities

Arburg GmbH + Co KG, Loss-
burg, Germany, a pioneer in the
use of sustainable energy in its
own operations, is now lever-
aging that expertise to support
its customers in their mission
to reduce energy consumption
and improve the sustainability
of injection moulding opera-
tions.

Here, the company reports

on its ‘Action Plan: Energy’,
launched earlier this year,
which has the specific goal of
identifying and implementing
a broad range of energy- and
cost-saving opportunities. >>>
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Industry News

Ceramic Injection Moulding shines
on the new Range Rover SV

The new Range Rover SV, from
Jaguar Land Rover’s Special
Vehicle Operations division, will
feature a number of components
produced by Ceramic Injection
Moulding. The CIM parts, produced
by the Oechsler Group, headquar-
tered in Ansbach, Germany, include
the two-colour ceramic roundel
displayed on the rear tailgate of SV
models as well as the gear shifter,
terrain response and volume
controls.

Jaguar Land Rover stated,
“The New Range Rover SV is the
first vehicle from Special Vehicle
Operations to carry the new
ceramic SV roundel, which repre-
sents the SVO team'’s design and
engineering passion for modern
luxury, performance and capability.
The roundel introduces a simpli-
fied 'SV' model name that will

The CIM parts include the two-colour ceramic

identify all new Land Rover vehi-
cles launched by Special Vehicle
Operations in future.”

These exclusive CIM components,
produced using the same process as
many luxury ceramic watch cases,
are precision ground after sintering
to create a perfectly even surface
before the components are either
diamond polished or sand-blasted
to achieve the desired gloss or satin
finish. “The whole process takes
around ten weeks, including final
quality inspection by hand,” added
Jaguar Land Rover.

Michael Van Der Sande,
Managing Director, Special Vehicle
Operations, commented, "Working
with the finest materials and inno-
vative technologies has enabled us
to introduce even more luxury into
every part of the New Range Rover
SV. This attention to detail and

The SV roundel is produced at
Oechsler using two-colour Ceramic

Injection Moulding (Courtesy Oechsler)

quality is evident throughout the
vehicle and is symbolised by our
new white ceramic SV roundel on
the tailgate.”

Oechsler Group has an estab-
lished reputation for the production
of components by Ceramic Injection
Moulding for high-end automotive
applications. In recent years, the
company also expanded its opera-
tions to include metal Additive
Manufacturing.

www.oechsler.com

www.jaguarlandrover.com

The gear shift, volume dial and terrain response dial are all

produced using Ceramic Injection Moulding, offering a cool-to-the-
touch, scratch-resistant luxury finish (Courtesy Jaguar Land Rover)

roundel displayed on the rear tailgate of SV
models (Courtesy Jaguar Land Rover)

VOL. 17 NO. 2 ® 2023 INOVAR COMMUNICATIONS LTD SUMMER 2023 = PIM INTERNATIONAL



https://www.pim-international.com/
http://bit.ly/3UEuy9K

https://bit.ly/43K3U4a


Industry news

| contents | news

events | advertisers | website | newsletter |

Stratasys and Desktop Metal to merge
in $1.8 billion all-stock transaction, 3D
Systems eyes takeover

Stratasys Ltd and Desktop Metal,
Inc, have announced a definitive
agreement whereby the companies
will combine in an all-stock transac-
tion valued at approximately $1.8
billion. Together, the merger creates
an Additive Manufacturing company
delivering industrial metal, polymer,
sand and ceramic solutions from
design to mass production.

Under the terms of the agree-
ment, which has been unanimously
approved by the Boards of Directors
of both companies, Desktop Metal
stockholders will receive 0.123
ordinary shares of Stratasys for
each share of Desktop Metal Class
A common stock. This represents
a value of approximately $1.88 per
share of Desktop Metal Class A
common stock based on the closing
price of a Stratasys ordinary share of
$15.26 on May 23, 2023.

Following the closing of the trans-
action, which is expected to occur in
the fourth quarter of 2023, existing
Stratasys shareholders will own
approximately 59% of the combined
company, and legacy Desktop Metal
stockholders will own approximately
41% of the combined company, in
each case, on a fully-diluted basis.

The transaction establishes an
Additive Manufacturing company that
is expected to be one of the largest
companies in the industry, targeting
$1.1 billion in 2025 revenue.

“Today is an important day in
Stratasys' evolution,” stated Dr
Yoav Zeif, CEOQ of Stratasys. “The
combination with Desktop Metal will
accelerate our growth trajectory
by uniting two leaders to create a
premier global provider of industrial
Additive Manufacturing solutions.
With attractive positions across
complementary product offerings,
including aerospace, automotive,
consumer products, healthcare and
dental, as well as one of the largest
and most experienced R&D teams,
industry-leading go-to-market infra-

PIM INTERNATIONAL = SUMMER 2023

structure and a robust balance
sheet, the combined company

will be committed to delivering
ongoing innovation while providing
outstanding service to customers.
We look forward to building on the
complementary strengths of the
combined business and leveraging
the strong brand equity across the
portfolio to deliver enhanced value
to shareholders, customers and
employees.”

“We believe this is a land-
mark moment for the Additive
Manufacturing industry,” added Ric
Fulop, co-founder, chairman and CEQO
of Desktop Metal. “The combination
of these two great companies marks
a turning point in driving the next
phase of Additive Manufacturing for
mass production. We are excited to
complement our portfolio of produc-
tion metal, sand, ceramic and dental
3D printing solutions with Stratasys’
polymer offerings. Together, we will
strive to build an even more resilient
offering with a diversified customer
base across industries and applica-
tions in order to drive long-term
sustainable growth. We look forward
to combining with Stratasys to deliver
profitability while driving further
innovation for a larger customer base
and providing expanded opportunities
for our employees.”

Following the close of the transac-
tion, Dr Zeif will lead the combined
company as Chief Executive Officer
together with Ric Fulop as Chairman
of the Board. Upon completion of the
transaction, the combined company’s
Board of Directors will be comprised
of eleven members, five of whom will
be selected by Stratasys, and five of
whom will be selected by Desktop
Metal, plus Dr Zeif as CEQ. Stratasys
Chairman Dov Ofer will serve as lead
independent director of the combined
company.

The transaction also brings
together complementary IP portfo-
lios with more than 3,400 patents

and pending patent applications.
Together, Stratasys and Desktop
Metal have invested over $500 million
in R&D over the past four fiscal
years. In addition, the combined
company will have one of the largest
R&D and engineering teams in the
industry, with over 800 scientists and
engineers focused on driving innova-
tion across a differentiated materials
library.

3D Systems makes offer for
Stratasys

Shortly after the merger announce-
ment, Stratasys received an
unsolicited buyout proposal from 3D
Systems, headquartered in Rock Hill,
South Carolina. In accordance with
fiduciary duties and obligations under
the all-stock merger with Desktop
Metal, it was stated that Stratasys
will review the non-binding proposal,
however, any decisions made on

the basis of the proposal would not
impact the agreement with Desktop
Metal.

3D Systems outlined the possible
benefits of such an acquisition for
shareholders and the industry. “The
combination of 3D Systems and
Stratasys is simply the best outcome
for the shareholders of both compa-
nies,” stated Dr Jeffrey Graves,
president and CEQ, 3D Systems. “We
feel strongly that now is the time
for all parties to recognise the over-
whelming logic of our two businesses
coming together.”

“We are at an inflection point in
our industry, and we see significant
upside for our shareholders and all
stakeholders by capturing the bene-
fits of scale, enhancing investment
in innovation and delivering long-
term profitable growth. We know and
respect the Stratasys business and
the people who make it a success
around the world. We are committed
to creating a combined platform that
enables these two great companies
to serve our global customers and
lead the industry with innovative
technology offerings,” concluded Dr
Graves.

www.stratasys.com

www.3dsystems.com

www.desktopmetal.com
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MACMA

A successful, global company.

Our software has changed manufacturing technology in metal
casting and polymer injection molding over the last 35 years.

Now we aim to do the same for powder metallurgy,
technical ceramics and additive processes.

If you are excited to drive
and push this new potential business area,
if you want to work with both
young guns and experienced experts,
contact us!

We are looking for people
who want join us, in a leading role,
in a growing business sector.

If you have questions or want more information, please contact:
Dr.-Ing. Gétz Hartmann, Phone: +49 241 88901-405, G.Hartmann@magmasoft.de.

To learn more about MAGMA, visit www.magmasoft.de
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Industry news

Eyewear leader Visottica Group

acquires Ideal

Visottica Group, a producer of
eyewear components headquartered
in Susegano, ltaly, has acquired
Ideal SrL, a company active in the
engineering and production of small
metal parts for the eyewear sector
based in Quero, Italy, from parent
company TechVision.

“The acquisition of a historical
and strategic company for the
eyewear district such as Ideal is
in-line with the development plan
we have been resolutely pursuing
in recent years,” stated Rinaldo
Montalban, Visottica Group President.
“Thanks to the technical expertise,
along with the considerable size of
the Quero production site, we have
the opportunity to better answer a
constantly growing market demand.
Ideal possesses highly specialised
know-how enabling us to create
virtuous synergies between the
various companies that are part of
the Visottica Group, also facilitated by
the geographic proximity between the
various production sites.”

“This translates into more
services for our customers and
partners in the eyewear sector,
one we have historically presided
over, but also in the greater ability
to move in other directions and
explore new horizons by expanding
our business areas,” Montalban
continued. "We continue the path
of growth, with the aim of consoli-
dating and expanding our industrial
hub established on high-precision
technologies, capable of satisfying
the widest range of our customers’
needs.”

The addition of Ideal is part
of a strategy that has enabled
Visottica to expand its offering
and consolidate its global leader-
ship while maintaining a strong
production presence in Italy. The
group acquired 50% of Eurodecori,
a company in Belluno specialising
in the production and processing of
Zamak (zinc alloy) parts, in 2021,
and completed the acquisition of
the majority of the capital of Ookii

DSB Technologies announces metal
Binder Jetting prototyping service

DSB Technologies, a manufacturer of
Powder Metallurgy components head-
quartered in Janesville, Wisconsin,
USA, has announced the launch of

its metal Binder Jetting (BJT) proto-
typing service. Through this service,
customers will be able to leverage
the speed and cost-efficiency of metal
Additive Manufacturing to iterate
designs more efficiently than conven-
tional metalworking processes.

“DSB views this prototyping
program as an important stride to
educating the marketplace on the
capabilities of the metal binder jet
technology and helping grow product
application opportunities,” stated
Paul Hauck, DSB Technologies Chief
Operating Officer. "We are broad-
ening access to DSB's experienced

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

and knowledgeable 3D printing
design and process engineers
for customers seeking to proto-
type and iterate their metal part
designs.”

Customers can now design
and produce metal Binder Jetting
prototypes in two weeks or less for
part sizes up to 15 cm?® from 17-4
PH stainless steel. Prototypes of
up to b cm?® part size are available
in four weeks or less in 316L stain-
less steel, M2 tool steel, and 4140
steel.

DSB Technologies has been
established for over forty years
and offers a wide range of metal
powder-based services including
press and sinter PM, Metal
Injection Moulding and metal

Visottica Group has acquired Ideal
Srl based in Quero, Italy (Courtesy
Visottica)

- a company focused on precision
micromechanics, also located in

the Belluno eyewear district. Ookii
holds 100% of the capital of Matrix,
a leading company in the production
of MIM and microfusion components.
Visottica also acquired a majority
stake in the Treviso-based company
Ethos, which specialises in galva-
nising, at the end of 2022.

With the acquisition of Ideal, the
number of production plants of the
Visottica Group increases to six
in Italy, all located in the eyewear
district of Treviso-Belluno, plus a
plant in China for production for the
Asian market.

www.visotticacomotec.com

Part designed and produced for Metal
Binder Jetting by DSB Technologies.
(Photo: Business Wire)

Binder Jetting. The company has
extensive high temperature sintering
capacity combined with its parts-
making experience, and has said it
remains committed to industrialising
the metal Binder Jetting process
for serial production as it adds this
prototyping capability to its portfolio.
DSB Technologies has posted a
guide to the design advantages of
metal Binder Jetting on its website.
www.dsbtech.com
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Outokumpu adds metal
powder atomisation plant to
German facility

Outokumpu, headquartered in Helsinki, Finland, is
entering the metal powder sector with the construc-
tion of a new atomisation plant at its facility in Krefeld,
Germany, planned for April 2023. The move is intended
to further strengthen the company’s sustainability
strategy and circular economy efforts by using the steel
scrap from local production to create metal powders
suitable for Additive Manufacturing, Metal Injection
Moulding, Binder Jetting (BJT) and Hot Isostatic
Pressing (HIP).

“The global demand for metal powder is on the
rise and we see great potential for the business in the
near future,” stated Thomas Anstots, President of BL
Advanced Materials at Outokumpu. "We have seen the
growth of Additive Manufacturing industries and the
potential to strengthen the position and use of stainless
steel for metal powder products, and, therefore, decided
to start the construction of a new designed atomisa-
tion plant. Outokumpu has an extensive expertise on
the materials and will partner with interested powder

Made in Germany

TISOMRA

CUSTOMIZED > SOLUTIONS

YOUR PARTNER
FOR SINTERING

Debinding and sinter
furnace from laboratory
to full production size.

Our clients do not want explanations,

but solutions to their problems! www.lisoma.de
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Outokumpu's portfolio of metal powders includes stainless
steel and nickel alloys (Courtesy Outokumpu)

customers. We are happy to start with the internal produc-
tion soon, followed by external run a bit later. There is
already a great interest among customers and the first
projects have started.”

Outokumpu’s primary focus is on producing metal
powders that are not yet on the market which are suited
for companies that use technologies such as metal AM,
MIM and HIP to produce parts for demanding applications.

“In the near future, the estimated total production
capacity will be approximately 330 tons annually. Our
longer-term target is to utilise the learnings and to build
up our R&D know-how to support the customer journey
with expertise, new material development, flexibility and
customisation for various powder metallurgy technolo-
gies. In our future vision, we could be able to serve our
customers in such a way that they could come to us with a
problem and leave with a solution,” Anstots continued.

Outokumpu sees the new atomisation plant as a large
recycling unit. The company'’s stainless steel is said to be
the single most recycled material globally, and the compa-
ny's mills in Europe and in the US are among the largest
material recycling facilities in the world.

Anstots concluded,” We want to help our customers
to reduce climate burden by means of the right material
choices. I'm proud of the fact that our new atomisation
plant in Krefeld will be a large recycling unit to support
the circular economy further. The embodied carbon foot-
print of our whole production process is also reduced as
the raw material is generated, and the product is produced
and packaged, all in one place. This ensures control of the
entire process and significantly cuts down the transporta-
tion emissions too.”

QOutokumpu’s brand-new portfolio of metal powders
(which includes stainless steel and nickel alloys) has
been formulated to meet the demands of modern manu-
facturing in terms of quality, sustainability and flexibility.
Outokumpu is partnering with SMS group GmbH, head-
quartered in Dusseldorf, Germany, as the technology
supplier. The Equipment as a Service (EaaS) contract is
intended to ensure a continuous line optimisation and
close collaboration in the powder business between the
supplier and the producer over the next years.

www.outokumpu.com
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Fracture toughness

T10MPa-m™
New higher-grade zirconia

rolls with the changes

3P Bending strength They said it couldn't be done, but Tosoh—a name long

1200MPa synonymous with breakthroughs in zirconia—found a way.
Introducing Zgaia™, a next-gen, higher grade zirconia powder
developed to achieve a perfect balance of high fracture
toughness and high bending strength that opens up a new
world of applications. Featuring a lower sintering temperature
for reduced impact on the environment, products made with

Sintering temperature Zgaia are more resilient, versatile, and even unprecedented.
1 250oc Contact your Tosoh representative today to discover how Zgaia

can change your business.
Z .

Tosoh Corporation zirconia@tosoh.co.jp Tosoh USA, Inc. info.tusa@tosoh.com Tosoh Europe B.V. info.tse @tosoh.com
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sector with great potential for Tekna.

Tekna receives CAS1.7 million titanium

powder order from MIM producer

Tekna Plasma Systems Inc.,
Sherbrooke, Quebec, Canada, has
announced it has received an order
valued at CA$1.7 million for its tita-
nium powder from a Metal Injection
Moulding manufacturer in Asia. The
first shipment of the material has
been completed, with subsequent
deliveries planned to continue until
the end of 2023.

The undisclosed customer will
reportedly be using the powder for
the Metal Injection Moulding of sub-
components destined for personal
electronic devices.

“We are excited that we have
achieved this significant milestone
in one of our most promising
market segments - consumer elec-
tronics. This is a rapidly-growing

Wittmann expands injection moulding
machine production capacity

The Wittmann Group, headquar-
tered in Kottingbrunn, Austria,
reported it made considerable
progress with numerous invest-
ment and building projects in 2022,
expanding its production capacity
for injection moulding machines, as
well as boosting its other technolo-
gies and services.

The company announced it
made investments in ultra-modern
machining centres at three
production plants and completed
extensions at Wittmann Battenfeld
in Kottingbrunn, Austria, and
Wittmann Robottechnikai Kft. in
Mosonmagyarovar, Hungary. The
additional floorspace will primarily
serve to increase the production

capacity for injection moulding
machines, with the extension of the
Hungarian facility also enabling an
increase in the production of its
Tempro temperature controllers
and robots.

Production capacity was also
increased with the addition of a
new facility in Dilovasi, Turkey. The
main focus of this plant’s opera-
tions will lie in sheet metal and
metal processing, and will also
include complete products for
the Wittmann Group's range of
auxiliaries. Production began in
January this year, and will support
the operations of the company’s
production plants in Austria and
France.

Wittmann Group's new facility in Dilovasi, Turkey (Courtesy the Wittmann

Group)
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We believe that this order is proof of
the quality of our products and the
strength of our brand,” stated Luc
Dionne, CEO of Tekna.

Tekna's titanium alloy powder is
said to offer a high level of sphe-
ricity, low oxygen content, high
density (bulk and tapped) as well as
controlled grain size. In addition to
Ti64 titanium alloy powder, Tekna
produces tungsten and tantalum
powders for MIM applications.

www.tekna.com

Additions to the main building
of Wittmann USA Inc in Torrington,
Connecticut, USA, expected to be
completed within the next two
months, will provide additional
space for automation solutions and
complete injection moulding cells
in future. Another project underway
is the building of the Hungarian
sales and service organisation
Wittmann Robottechnikai Kft.
in Torokbalint, near Budapest.

Its completion is planned for
mid-2023.

Reporting on its financial results
for 2022, the group stated a sales
figure of €376 million. This was
said to be roughly on par with the
previous year and was character-
ised by a high order intake during
the first half of the year. However,
issues regarding the supply of
purchased parts - in particular,
electronic components - prevented
the realisation of these sales.

For the current fiscal year,
Michael Wittmann, president of
the Wittmann Group, stated that
he expects an increase in sales
of approximately 10%. This esti-
mate was said to be based on the
company starting 2023 with a high
order backlog, and a market begin-
ning to show signs of improvement
in the supply situation.

Wittman concluded, "With our
energy-efficient and powerful
machines and products, we are in
a strong position and can look into
the future with optimism.”

www.wittmann-group.com
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Ecrimesa digitises MIM workflow to
improve efficiency and productivity

Ecrimesa Group, based in Santander,
Spain, has undergone a digitisation
of its guidelines/process sheets in
an effort to improve its efficiency and
productivity. This is a project devel-
oped internally and led by Daniel
Seco, MIM Process Engineer, and
Julio Lépez, Head of Industry 4.0.
The development phase spanned six
months; the company is now in the
implementation phase.

In industrial environments, the
applicable work standard - ISO/UNE,
etc. - indicates that the operator
must have a guideline for the process
to be carried out. This guideline,
also called a process sheet or work
standard, is a detailed document
which describes the specific steps
and tasks required to perform that
process. At Ecrimesa, operators
would need to print out the most

AMT PTE LTD

recently-updated version of these
sheets and take it to their post

as they worked. As each process
worked might necessitate several of
these work guides, Ecrimesa’s Metal
Injection Moulding plant works with
over 2,000 references.

To undertake this project, engi-
neers made use of the Microsoft
Dataverse (which includes
Microsoft Teams, Dynamics 365 and
SharePoint). Process engineers
create, update, and modify the work
guidelines. The operators, from the
tablet that they have at their worksta-
tion, type the reference number of the
part. The application tells them which
patterns are active and they select
the one corresponding to the task
to perform. Currently, the company
has six of these tablets in place, but
intends to expand this to all positions.

An app is used to identify which guide-
lines are active, allowing the operator
to select the one corresponding to the
task (Courtesy Ecrimesa)

To date, the project has enabled
a reduction in paper, thus reducing
cost and materials waste; a reduction
in mistakes by ensuring operators
have the most recent guidelines; and
improved efficiency, as operators
aren't required to source the guide-
lines from outside their workstations.

www.ecrimesagroup.com
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In Manufacturing Innovation
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Arburg celebrates successful
Anniversary Days 2023

Arburg Anniversary Days, held from
March 8-11 in Lossburg, Germany,
welcomed 5,700 customers from
fifty-three nations. The event -
traditionally called Technology
Days - spanned the company, with
more than fifty exhibits focusing on
sustainability, digitalisation, energy
efficiency and automation.

On display in Arburg’s Customer
Centre was the new hybrid Allrounder
470 H, whilst components made
via Injection Moulding and Additive
Manufacturing were displayed
throughout the event.

With a focus on energy efficiency,
the company also highlighted its
new ‘Action Plan: Energy’, which
includes advice on measures to help
customers significantly reduce costs
in Injection Moulding production
and optimise energy requirements
throughout the entire production
process, beyond the machine itself
(see page 91).

How existing machines can be
energy-optimised through retrofits
- for example, with fully insulated
cylinders, Arburg energy saving
systems AES and IE3 class motors
- was demonstrated in a practical
manner in the service area. There,
visitors were also able to find out
how to quickly get a new warehouse
machine via the customer portal app
Ready2Go. Arburg can also provide
documented consumption measure-
ments for businesses that require
detailed energy data for certification.

The Efficiency Arena hosted a
total of nine stations, six on the topic
of arburgGREENworld and three on
arburgXworld. Arburg and selected
partners along the entire value chain
demonstrated how digitalisation and
innovative solutions enable a sustain-
able circular economy.

Selected partners provided infor-
mation on current topics such as
marking, identifying, sorting and recy-
cling, supported by the transmission
of data along the value chain. Arburg
also presented its sustainability strat-
egies, the arburgXworld customer
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portal and the ALS host computer
system in the Efficiency Arena.

As this year marked the 100" anni-
versary of the company’s founding,
there was also a special event avail-
able to visitors: the Arburg Cube. This
offered a multimedia tour through the
company's history.

The event also marked its
100,000 visitor on March 8, which
takes into account each attendee

Arburg welcomed the 100,000"
visitor to its Technology Days event
(Courtesy Arburg)

since the introduction of Technology
Days in 1999.
www.arburg.com

MIM debind and sinter
vacuum furnaces

Over 6,500 production and laboratory furnaces manufactured since 1954

,ﬁ:CENTonn

Vacuum Industries @

e Metal or graphite hot zones

e Processes all binders and
feedstocks

o Sizes from 8.5 to 340 liters
(0.3-12 cu ft.)

o Pressures from 10 torr to
750 torr

e Vacuum, Ar, N, and H,

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

Worldwide field service,
rebuilds and parts for all
makes

MIM-Vac™
Injectavac®

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.centorr.com
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CTC receives patents for MIM
ammunition cartridge cases

Concurrent Technologies
Corporation (CTC), Johnstown,
Pennsylvannia, USA, has been
awarded two patents for a new
shell case design produced by
Metal Injection Moulding. The
patents detail the invention of a
single-piece, high-strength metallic
cartridge case that is said to be
stronger, stiffer and lighter than
traditional brass.

The new design is a joint devel-
opment between CTC and the US
Army to improve a soldier’s effec-

CTC has earned a patent for a MIM
ammunition cartridge case that
offers many benefits to the US mili-
tary and commercial manufacturers
(Courtesy CTC)

tiveness through increased lethality,
improved accuracy, and reduced
ammunition weight.

Several cartridge calibres have
been demonstrated with distinct
advantages over competing
solutions, such as hybrid metallic-
polymer and multi-piece metallic
cartridge cases. Metal injection
moulded cartridge benefits report-
edly include:

* 30% case weight reduction vs.
brass

* High-pressure capability, up to
100 ksi tested

* Increased muzzle velocity, up to
10% over brass

* Increased accuracy (sub-MOA
[Minute of Angle])

» Durable stainless steel case
material with reliable function-
ality from -54°C to 107°C

* Rugged, single-piece design with
no corrosion issues

* Compatible with existing brass
case taper, trim, load, assemble,
and pack manufacturing
infrastructure

United States Patents 11465207
and 11493314 are intended to
protect the US government's ability
to organically produce and supply
this technology to the warfighter, but
allow cost reduction and maturation

Sandvik’s metal powder shop
Osprey Online is open for business

Sandvik AB, Sweden, reports that
Osprey® Online, the company’s
metal powder online store, has now
officially opened. Osprey Online
will initially offer titanium powders,
maraging steel, and nickel-based
superalloys, as well as stainless
steels such as duplex and super
duplex, austenitic, martensitic, and
precipitation hardening steels from
stock through an on-demand platform
accessible from any device.
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The webshop offers a range of
standardised alloy powders for
Additive Manufacturing and will
service Europe as a first step, with
additional markets being included
shortly.

The platform was launched with
a special episode of the company'’s
interactive webinar series Additive
By Sandvik: Material Matters, and
offered viewers insights into its
range of alloys.

through private commercialisation.

“This award comes at a time when
global commodity prices for copper
and brass are at all-time highs. The
use of high-strength, lightweight
stainless steel cartridge cases in
ammunition production reduces
manufacturing costs,” stated Edward
J Sheehan, Jr, CTC president and
CEOQ. "The CTC team has done an
outstanding job of analysing require-
ments, developing a solution, and
ensuring it is cost effective and
scalable.”

Additional cost savings include:

* Reduced fuel and transporta-
tion costs from cartridge weight
savings

» Easy firing range cleanup due to
cases being magnetic

* Reloadable for consumer and
competitive shooting

“We're extremely excited to get
this advanced technology to the
warfighter to reduce their combat
load and increase their mobility and
lethality,” added Shawn Rhodes, CTC
Principal Mechanical Engineer. “It's
an honour to develop technologies
that benefit those who protect our
country.”

The activity that led to this patent
is part of CTC's overall ammunition
and weapon systems engineering
services. The shell casing design
inventors are Todd Skowron, Juan
Valencia, Shawn Rhodes, and William
Brueggen.

www.ctc.com

Luke Harris, Sales Director at
Sandvik Additive Manufacturing,
stated: “It was such a great honour
to take part in this webinar, and to
finally unveil Osprey Online in full.
Getting to interact with the audience
while presenting this solution and
the ways in which it can make a true
difference in our customers’ busi-
nesses, was so rewarding. Now we're
eagerly anticipating feedback, to
keep improving and remain the most
customer-centric partner we can be.”

www.metalpowder.sandvik/en/
webshop

www.metalpowder.sandvik
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OSPREY® ONLINE
THE METAL POWDER
WEBSHOP

Imagine being able to order Osprey® metal powders at any time, from any device. Imagine hassle
free ordering, fast shipping, and premium quality straight from the source. Osprey® Online is open
for business — stocked with powders and expertise! Browse our online alloy selection optimized for
additive manufacturing, including titanium, maraging steel, nickel-based superalloys, and stainless
steels. Just add to cart, and we'll ship within 48 hours!

SHOP NOW
METALPOWDER.SANDVIK/OSPREYONLINE
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Supplier for MIM/PIM Feedstocks

PolyMIM GmbH is a manufacturer that offers two different
binder systems for Metal injection Moulding

PolyMIM® PolyPOM
Water soluble binder system Catalytic binder system

These two binder systems have excellent characteristics during the production
process and combine attractive prices with worldwide availability

High performance as well for the 3D-Printing process based on the water soluble
binder system

GranuPrunt
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China’s Avimetal AM offers over two
hundred metal powders

Avimetal AM, a subsidiary of
Jingcheng Electromechanical,
Beijing, China, entered the metal
Additive Manufacturing equipment
market in 2021, adding four new
Laser Beam Powder Bed Fusion
(PBF-LB) AM machines to its portfolio
in 2022. In addition to machine devel-
opment, the company also produces
a wide range of metal powders
tailored to Additive Manufacturing
and other metal powder-based tech-
nologies, including Metal Injection
Moulding, Hot Isostatic Pressing
(HIP) and Powder Metallurgy (PM).

Established in 2015, the state-
owned company now has three
facilities in China, two of which are
dedicated to metal powder produc-
tion and one for building its metal
AM machines. Its powder produc-
tion equipment includes Vacuum
Induction Melting and Inert Gas
Atomisation (VIGA), Electrode
Induction Melting Inert Gas
Atomisation (EIGA), Plasma Rotating
Electrode Process (PREP) and
Plasma Atomisation (PA).

In total, Avimetal offers more
than 200 metal powder alloys,
and has a current annual capacity
of over 5,000 tons. The range
includes titanium alloy powders
such as CpTi, TibAL4V, TibAI4VELI,
Ti-6.5A1-1Mo-1V-2Zr, Ti-6Al-2Sn-4Zr-
2Mo-0.08Si, TiAl4822; superalloy
powders including In718, In625,
Hastelloy X, M247, Haynes188,
NiTi50; aluminium alloy powders
such as AISi7Mg, AISi10Mg; refrac-
tory metal powders including Ta,
W, Mo; cobalt-chromium powders
such as CoCrW, CoCrMo, CoCrMoW
as well as steel powders including
18Ni300, 316L, 17-4PH. Customised

grades of metal powders are also
available.

Over the years, Avimetal has
provided metal AM machines,
metal powders, and process tech-
nology services to more than
5,000 customers worldwide. The
company’s largest PBF-LB machine
now boasts a build volume of 1250
x 1250 x 1500 mm, with a maximum
number of twelve lasers, signifi-
cantly improving the capacity and
production efficiency of large and
complex structural components.

As well as equipment an metal
powders, Avimetal also offers tech-
nical training, component design
optimisation, modelling, heat
treatment and surface treatment
solutions.

en.avimetal.com

Avimetal's powder production equipment includes VIGA, EIGA, PREP and PA

options (Courtesy Avimetal)

HP enhances its Binder Jetting offer,
adds Endeavor 3D as Metal Jet
manufacturing partner

HP Inc, Palo Alto, California, USA, has
announced a raft of solutions to help
customers simplify workflows and
reduce costs as they move to high-
volume Additive Manufacturing part
production. At this year’'s Rapid+TCT
event in Chicago, USA, May 2-4, the
company announced enhancements
to its software, service and materials
offerings, as well as offering new
automation solutions.

“Companies large and small,
in markets around the world, are
turning to 3D printing for faster, more
flexible, more personalised, and more
resilient and sustainable produc-
tion,” said Didier Deltort, president of
Personalisation & 3D Printing, HP Inc.

“It's promising to see the devel-
opment of so many game-changing
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3D printed applications across auto-
motive, consumer, healthcare, and
industrial, but to disrupt industries,
these parts must be manufactured at
scale. To help our customers scale
effectively and efficiently, HP remains
laser-focused on delivering indus-
trial hardware, supplies, software,
and services supporting the entirety
of the digital production workflow
from application design to final parts
production.”

HP also announced it was
promoting several of its current
Digital Manufacturing Network (DMN)
members to its exclusive group of HP
Digital Manufacturing Partners (DMP)
to meet the growing demand for final
parts production. More than sixty
members around the world are now

providing manufacturing services and
enabling OEMs to build their digital
supply chain.

The recently-promoted members
include Athena, Endeavor 3D and
The Technology House (TTH). It
was announced that Endeavor 3D
is expanding its HP-enabled manu-
facturing services in its factory in
Douglasville, Georgia, adding HP's
Metal Jet S100 solution to its existing
fleet of HP Jet Fusion 5200 and
5420W systems.

‘Adding HP's Metal Jet capabili-
ties to our manufacturing services
enables us to provide more to our
customers,” stated Phil Arnold, CEO,
Endeavor 3D. "Top-down, our expert
engineering team believes that this
technology will help manufacturers
reshore production and we are
excited to be a major player in that
supply chain.”

www.hp.com

www.endeavor3d.com
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Novel hybrid Additive Manufacturing
process for complex ceramics

In a recent PhD project at the
SUPSI University in Switzerland,
material engineer Marco
Pelanconi developed a novel
hybrid Additive Manufacturing
process to fabricate complex
ceramic structures. The
approach involves the Additive
Manufacturing of polymeric
preforms with high microporo-

sity through Laser Beam Powder
Bed Fusion (PBF-LB), combined
with infiltration with preceramic
polymers.

Following the Additive
Manufacturing stage, pyrolysis
is used to obtain a polymer-to-
ceramic conversion at around
1000°C. A final densification is
performed via molten silicon infil-

With Pelanconi’s process, complex shapes of various ceramics (SiC, SiOC,
SiCN, SiSiC etc.) can be produced relatively fast and efficiently (Courtesy

Hybrid Materials Laboratory SUPSI)

Q
Q
O Pyrolysis
) Additional infiltration
n cycles
Q Additional pyrolysis
Q ?—-’E Liguid silicon infiltration

3D printing of the polymeric preform with controlled relative density

Infiltration of the microporosity using preceramic polymers

Component legend:

O Microporosity

.‘ Polymer powder

O Preceramic polymer (liquid)
O Polymer-derived ceramic
. New polymer-derived ceramic

O Silicon infiltrated polymer-derived ceramic

The hybrid Additive Manufacturing process steps (Courtesy Hybrid Materials

Laboratory SUPSI)
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tration to achieve ceramic parts
with high density.

Pelanconi used the Sintratec
Kit, an open parameter polymer
PBF-LB machine from Sintratec,
Switzerland. “The Kit allowed us to
change a lot of printing parameters,
including powder surface tempera-
ture, layer thickness, laser speed,
hatching spacing, and more, making
it easy to control the porosity of the
3D printed parts,” stated Pelanconi.

Varying these factors enabled
Pelanconi to achieve an ideal
porosity and part quality, said to be
crucial for further infiltration.

To illustrate how this method
could be used for especially
complex shapes, Pelanconi’s
research focused on two cylin-
drical porous structures with
different topologies: a rotated
cube and a gyroid. After Additive
Manufacturing with Sintratec PA12
and subsequent conversion into
a ceramic, the resulting parts
reportedly exhibited outstanding
mechanical and thermal proper-
ties. They maintained their shape
without distortion or macroc-
racks, despite a shrinkage of
~25%. According to Pelanconi,
their impressive biaxial strength
of 165 MPa could still be
increased through further process
optimisation.

Ceramics are well-suited to
use in extreme environments,
such as heat exchangers, catalyst
supports, thermal storage, burners
or aerospace. The use of Additive
Manufacturing to produce complex
ceramic architectures is a prom-
ising development. “These classes
of materials offer unmatched
thermo-mechanical properties that
cannot be provided by steels, such
as high temperature resistance,
high oxidation resistance, high
thermal shock resistance and high
strength,” added Pelanconi.

It was stated that the innova-
tive approach could be exploited by
high-tech industries thanks to the
many different ceramic materials
obtainable from a wide range of
preceramic polymers.

www.supsi.ch
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Lithoz and SiNAPTIC partner
with the purchase of seven
CeraFab S65 machines

Lithoz, Vienna, Austria, and SiNAPTIC, Lafayette,
Colorado, USA, announced a major strategic part-
nership agreement, including sales and marketing
activities, at Rapid + TCT 2023, May 2-4 in Chicago,
[llinois. The deal included the purchase of seven Lithoz
CeraFab S65 Additive Manufacturing machines for
SiNAPTIC's new research centre in Lafayette.

Besides the development of their medical device
products and R&D activities, SINAPTIC will offer
their expertise for OEM contract manufacturing on
the rapidly-accelerating North American market,
responding to the numerous enquiries of OEMs from
various industries. They will also distribute Lithoz
AM machines, materials and software across North
America.

A new 'SINAPTIC powered by Lithoz' branding will
also be placed by SINAPTIC on their products. The
agreement between Lithoz and SiNAPTIC is intended to
ultimately bring new Additive Manufacturing solutions
to a wider audience in the US, Canada, and Mexico.
With more businesses now being able to take advan-
tage of the capabilities offered by technical ceramics,
it is expected to give businesses a new way to bring

[ MADE
i
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ALPHIE®

3D Tumbler Mixer

150 9001:2015 Certified Company,

Highest Mixing Homogeneity

For PM, MIM & Metal Powder Applications

o Fixed / Removable Mixing Drum Design
©O Available from 3 Ltr to 3000 Ltr

o Customers in 37 countries

0O Mixing without blade / agitator shaft

HEXAGON PRODUCT DEVELOPMENT PVT LTD
© +9192271 27517 == info@alphiemixer.com & wwuw.alphiemixer.com
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The deal includes the purchase of seven CeraFab S65
Additive Manufacturing machines for SINAPTIC's new
research centre in Lafayette (Courtesy Lithoz)

many types of new products to market faster and with
less risk.

“By partnering with Lithoz, the experienced global
leader in ceramic 3D printing, SINAPTIC will gain access
to a comprehensive range of technical ceramics, technol-
ogies, and unparalleled expertise,” stated Bryan Scheer,
SiINAPTIC's CEOQ. "This partnership will allow SiNAPTIC
to focus on optimising efficiency in manufacturing and
scaling production for our customers.”

SINAPTIC is comprised of two business divisions -
SINAPTIC Technologies and SINAPTIC Surgical, each
with a different focus. SINAPTIC Technologies provides
R&D and prototyping all the way to scaled OEM manu-
facturing, whereas SINAPTIC Surgical is currently
undergoing FDA approval to become a fully-integrated
original medical device producer.

At the Lithoz booth at Rapid, SINAPTIC showed one
of their CeraFab S65 medical Additive Manufacturing
machines live at the event, which also marked the first
live appearance of the S65 AM machine at a tradeshow,
alongside examples of parts additively manufactured by
the machine.

Dr Johannes Homa, CEOQ, Lithoz, added, "With
SINAPTIC we have found the right partner for the
rapidly-growing volume of enquiries on the North
American market at exactly the right time! With the
strong passion and huge momentum they bring on their
mission to disrupt the medical device market with unique
3D printed technical ceramics, we quickly came to the
conclusion that they are also the right company to be
a leading contract manufacturer for the many different
enquiries, from prototyping to serial production we have
received from OEMs of various verticals during the last
months.”

www.lithoz.com

www.sinaptictech.com
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FreeFORM expands offering with
Tritone’s Mold)et technology

Tritone Technologies, Rosh Ha'ayin,
Israel, has announced that FreeFORM
Technologies, St Marys, Pennsylvania,
USA, will expand its service offer-
ings by adding a Tritone Dominant
sinter-based Additive Manufacturing
machine. With Tritone’s Dominant
and MoldJet powder-free technology,
FreeFORM intends to broaden the
range of materials and geometries it
can provide to its diverse customer
base.

Through this partnership, Tritone
plans to strengthen its pres-
ence in North America following
the recent opening of a US-based
subsidiary. FreeFORM has a strong
leadership team with experi-
ence in Metal Injection Moulding,
Powder Metallurgy, applications and
automation.

“We have followed Tritone with
great interest since we first saw their
technology at Formnext 2019," stated
Nate Higgins, president, FreeFORM.
“Their approach is unique and
addresses some points that we think
are important to expand portfolio
reach. At FreeFORM our aim is to
solve problems. Part of it is to have
great partnerships. We look forward
to working with Tritone and using
their unique technology with our
customers.”

The Dominant system is based
on Tritone’'s MoldJet technology, a
sinter-based Additive Manufacturing
solution which enables industrial
production of high-quality metal and
ceramic parts at an industrial speed.
Built for producing large quantity
of high-density parts with complex
geometries and a wide variety of
materials, the technology enables
parallel manufacturing of parts of
various sizes, shapes, and appli-
cations. MoldJet technology also
enables the quick switchover between
metal and ceramic materials.

“FreeFORM is a true pioneer in the
sinter-based Additive Manufacturing
community and we are thrilled to
welcome them to the growing Tritone
North America family of service

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

providers,” added Ben Arnold, VP
Business Development, NA, Tritone
Technologies. “Our strategy is to
grow our presence in the region by
making sure all prospects have easy
access to our technology on a service
basis and this is an important step in
that direction.”

www.tritoneAM.com

www.freeformtech.com

FreeFORM Technologies parts
produced using Tritone’s Dominant
system (Courtesy FreeFORM
Technologies)

It's all WITTMANN.

www.wittmann-group.com
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M|M2023 Shines light on injection capital and capitalism, to investment

in procuring and retaining talent.

moulding of metals, ceramics & carbides  The keynote was followed by

twenty-seven technical presentations.
Additionally, twenty companies show-

MIM2023, the International The event opened with a keynote cased their products and services
Conference on Injection Moulding of presentation on Industry 4.2 by Dr during a tabletop exhibit, with many of
Metals, Ceramics and Carbides took Diran Apelian, University of California, . )

i ) i ) ' the exhibitors showcasing the latest
place in Costa Mesa, California, USA, Irvine. The author described what developments during the Technological
February 27-March 1. Organised he believed smart factories would Process & Product Innovations pres-
by the Metal Powder Industries look like and how connected supply entations (Our full conference report
Federation (MPIF), the hybrid confer-  chains will work, including the need is published on page 91).
ence welcomed over 135 delegates, for sustainable materials, advanced The Metal Injection Molding
representing over seventy-five manufacturing, and how corporations Association (MIMA) also provided six
companies from thirteen countries. will need to pivot from focusing on

students with grants to attend the
conference. Not only were the grant
recipients given the opportunity to
gain exposure to the MIM industry, but
each provided a presentation on work
at their universities.

www.mpif.org

Markforged posts
record Q1 results

/ o0
Markforged has shared its financial

MIM/CIM/AM Deblndlng SyStemS report for the first quarter 2023. As

of March 31, the company showed
Innovation - Performance - Reliability a revenue increase of 10% to $24.1
million, up from $21.9 million in the
first quarter of 2022.

Shai Terem, President and CEO of
Markforged, stated, "We have started
the year strong with another record
first quarter revenues and the largest
pipeline in our company's history.
Demand for the Digital Forge grew
across all geographies in Q1, as an
increasing number of manufacturers
are choosing our metal and composite
solutions to solve mission-critical
metal applications at the point of need.”

Gross profit was $11.6 million in
the first quarter, with non-GAAP gross
profit of $11.9 million. However, a net
loss of $19.0 million in Q1 2023 and
a non-GAAP net loss of $13.3 million,

3in1:
Solvent / Water Debinding
Parts Drying

Solvent recovery

Wide range of feedstock processible

15 to 1,200 | batch volume was reported.

Advanced clean technology, closed systems ; “We believe our Q1 results are a
Industry 4.0 : = reflection of strong execution of our
PLC-automated process, real-time parameter strategy and an early indicator of the
visualisation with touch panel J meaningful opportunity for Markforged
Made in Germany ! % L) L in the coming quarters as we remain
Rental systems available for testing laser-focused on margin expansion

. and driving profitable growth,” Terem
WWW.|Oem|.C0m concluded.

www.markforged.com
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AS9100:2016
CERTIFIED

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.

LIRAFI
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quick turn-around times.

With partner Novamet Specialty
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various after treatments, coatings
and other capabilities using Ultra

epOWder C Fine’s high quality powders.
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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.

more info

system solutions
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Demcon Metal Injection
Moulding receives ISO 45001
certification

Demcon, Enschede, the Netherlands, has
announced it is now ISO 45001 certified. This certi-
fication regards work safety and human well-being
and has been implemented for all Demcon compa-
nies as the certificate has been issued across
Demcon Holding, Demcon Advanced Mechatronics,
Demcon Metal Injection Moulding and Demcon
Production.

Bianca Screever, Director of Operations at
Demcon shared, “We are proud that we have
obtained the I1SO 45001 certificate. This shows that
we take occupational safety and health seriously.”

Demcon MIM specialises in the use of stainless
steels such as 316L and 17-4PH. By mixing its own
feedstock, the company states it can process most
other metals available in powder form, and lists
low-alloy steels, nickel-balanced materials and
others.

The certification follows Demcon’s I1SO 9001
and IS0 13485 qualifications.

www.mim.demcon.com

Pfeiffer offers new vacuum
calculator

Pfeiffer Vacuum, Asslar, Germany, has introduced
a vacuum calculation tool to identify specific
vacuum products for users’ applications, examine
evacuation, as well as pump down curves and
perform different calculations for self-configu-
rated pumping solutions. The tool also enables
customers to compare different vacuum solutions
with each other.

“With our new vacuum calculator, we aim
to make the lives of our customers easier,”
stated Daniela Kunzig, Head of Digital Business.
“When looking for the right vacuum solution, the
technical parameters can be inserted into the
tool and the matching products are displayed.
Moreover, customers can perform different
calculations for existing pump solutions.”

The vacuum calculator is available via the
Select & Request web portal. A contact form is
linked to each search or calculation via which the
customers can directly contact the sales engineer
in charge to request a quote.

www.pfeiffer-vacuum.com
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Plansee’s newest hot zones reduce
energy consumption in high-
temperature processes

Plansee High Performance Materials,
a Plansee Group company, head-
quartered in Reutte, Austria, has
announced its latest generation of
hot zones for industrial furnaces. All
versions of these new models are
said to save a significant amount of
energy, even at maximum perfor-
mance, thus lowering both the
customers' operating costs and CO,
footprint.

The industry faces the challenge
of saving energy on a large scale,
explains Plansee, but this efficiency
can't be at the expense of quality.
The demand for high-performance,
sustainable solutions becomes a
complex task, however, when indus-
trial processes require particularly
large amounts of energy. This is the
case for high-temperature vacuum
furnaces used for heat treatment in
sectors such as aviation or medical
technology, where working tempera-
tures of 1,000-1,800°C are reached.

Plansee supplies manufacturers
of industrial furnaces with metallic
hot zones made from molybdenum,
molybdenum alloys, and tungsten,
which are used in high-temperature
processes and ensure that the
temperature in the furnace is opti-
mally distributed. The energy balance
of these processes depends on the
quality of the hot zones and if they
are not optimised for the respective
area of application, an unnecessary
amount of heat (and, thus, energy) is
lost.

Plansee’s new hot zone models
reportedly save up to 27% of energy
compared to the previous iterations,
and the lightweight design of the
support frame means that the new
models weigh up to 15% less.

The constructions and mate-
rials used in the heating system
are said to ensure that the batch is
heated optimally, and issues such
as short circuits or sagging of the
heating element are almost impos-
sible. Further, the heated parts of
the furnace can be efficiently cooled
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using gas, with nozzles placed in
optimal positions determined by
simulations.

Another addition is the 'FlowBox,’
which enables the smooth outflow
of gas at the rear of the hot zone.
Together, the nozzle and FlowBox
work to ensure that the batch is
cooled precisely, without the unin-
tentional formation of further cooled

AR 2l -
THE PERFE

THE

- DEBINDING & SINTERING

MIM, CIM, HARD METAL

TAV VACUUM FURNACES SPA

www.tav-vacuumfurnaces.com

SOLUTION FOl

Via dell’Industria, 11 - 24043 Caravaggio (BG) - ITALY
ph. +39 0363 355711 - info@tav-vacuumfurnaces.com

areas in the furnace. Another feature
highlighted by Plansee is the smart
mounting of the front door which
adapts to the temperature changes
inside the hot zone and therefore
prevents heat from being lost.
Plansee’s hot zones can be
configured in advance for individual
requirements via an online tool.
If special individual parts made
from molybdenum or tungsten are
required to meet specific needs,
Plansee can produce these indepen-
dently via Additive Manufacturing.
www.plansee.com

C:'I:W-IEAT TREATMENT
g

PIM INDL

Wide range of standard and customized VACUUM FURNACES
for INDUSTRY and R&D LAB

ORATORIES.

Our vacuum furnaces solutions:
- HIGH TEMPERATURE VACUUM SINTERING

- DEBINDING/PRE-SINTERING
- HIGH PRESSURE SINTER-HIP

Vacuum thermal technologies:

TANV

VACUUM
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Rapidia lowers cost of metal AM
machine and furnace package

Rapidia Inc., headquartered in
Vancouver, British Columbia, Canada,
has announced a significant reduc-
tion in the price of its metal Additive
Manufacturing hardware, in an
effort to make the technology more
accessible. The company's Conflux

1 system - consisting of a metal

AM machine and vacuum sintering
furnace - is now available starting
from $99,000.

In 2020, Rapidia entered a part-
nership with ExOne, where ExOne
marketed the platform as the ExOne
Metal Designlab AM machine and
X1F sintering furnace. This was a
mutually-beneficial arrangement,
explained Rapidia, as it allowed
access to ExOne's established brand
and distribution network, whilst
expanding ExOne’s portfolio. When
ExOne was acquired by Desktop Metal

in late 2021, however, the partnership
ended.

Since then, Rapidia has spent the
past year building a sales team and
network of their own. By controlling
the entire customer journey, Rapidia
states it is now able to deliver the
Conflux 1 platform at a more acces-
sible price.

Rapidia’s two-step AM technology,
developed over several years and
first revealed in 2019, works by
extruding a flowable bound metal
paste. The paste is dried, layer by
layer, creating green parts with 90%
less binder than found in metal fila-
ments or Metal Injection Moulding
feedstocks. As a room-temperature
process, the technology is not limited
by the speed of melting and then
cooling polymer carriers. Moreover,
the low binder content allows

The Rapidia system builds parts using water-based metal paste technology

(Courtesy Rapidia)

3D Lab granted patent for ATO
ultrasonic metal atomisation technology

3D Lab sp. z.0.0., based in Warsaw,
Poland, has announced that its ATO
metal atomisation method has been
granted a patent. The company’s ATO
atomiser creates spherical metal
powders using an ultrasonic vibration
technigue, rather than the more-
common gas or water atomisation
methods.

The ATO device includes infusible
sonotrode with a melting tip, mate-

PIM INTERNATIONAL = SUMMER 2023

rial melting system, input material
delivery system, process chamber
and piezoelectric transducer. It is
designed to ensure the input mate-
rial is heated to its melting point,
atomised, and converted into spher-
ical powder particles. Moreover, it
includes a mechanism for control-
ling the atomisation process and
for collecting the spherical powder
particles.

green parts to be put directly into
short sintering cycles, skipping the
debinding step and ultimately output-
ting many finished parts in under
twenty-four hours.

“Our metal printing technology is
accessible because of its ease of use
and low operating cost,” stated Artem
Bylinskii, CEQ. "We're now in a posi-
tion where we feel we can be more
proactive and more disruptive by
making our technology more acces-
sible in price too."

Bylinskii added, “We see a gap in
metal Additive Manufacturing because
the cost of entry for production solu-
tions is so high. It's a major risk for
companies to borrow upwards of half
a million to get that capability. With
our new pricing, we hope to provide
a more scalable production solution
where businesses can start with a
couple of machines, and then continue
adding printers to their fleet at an
easily digestible cost.”

www.rapidia.com

Rapidia’s Conflux 1 system includes a
vacuum furnace (Courtesy Rapidia)

“We want to take a moment
to recognise and thank everyone
involved in this achievement. It is
through your dedication, hard work,
and perseverance that we have been
able to bring this innovation to life,”
the company stated.

Due to the development of ATO,
3D Lab has been able to expands its
activities in the area of novel metal
powder technologies, and the patent
will allow the company to success-
fully defend the invention in regional
markets.

www.metalatomizer.com
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Aidro achieves DNV certification for AM "Aidro’s Binder Jetting certifica-

. tion showcases the great performance

Wlth bOth PBF-LB and BJT and reliability of the Shop System,
and its ability to serve the most

Aidro srl, a subsidiary of Desktop produced by Aidro for a customer, demanding industries such as the

Metal, based in Taino, Italy, has as well as a 17-4PH part for Binder oil & gas industry,” added Desktop

received what it has reported to be Jetting AMC 1 level certification. Metal Founder and CEO Ric Fulop.

the first-ever global AM manufacturer “Our team is incredibly proud to “We congratulate all of our Team

certification from DNV, a risk manage-  receive this global certification for DM employees at both Aidro and

ment and quality assurance society for  Binder Jetting and laser powder Desktop Metal who contributed to this

the oil & gas and maritime industries, bed fusion,” stated Valeria Tirelli, achievement.”

for two metal Additive Manufacturing president and CEO of Aidro. “The DNV said Aidro’s qualification is an

technologies. DNV awarded DNV-SE- rigorous process used by DNV will important step for the mission-critical

0568 and DNV-ST-B203 to Aidro’'s Taino  enhance industry confidence in these industries to move into a new era of

facility. Additive Manufacturing methods and  digital manufacturing.

The certifications follow a rigorous continue to support the transition of Aidro has been working to drive the
review process by DNV, including the demanding energy, oil & gas, and  adoption of AM in the energy sector.
an audit of Aidro’s facility, metal AM maritime industries toward Additive Aidro’s work with DNV began in 2018,
processes qualification, as well as Manufacturing 2.0. Customers taking ~ when it contributed to the drafting of
qualification of parts produced by the leap into the AM 2.0 future are the guidelines that became the basis of

Aidro through Additive Manufacturing already realising incredible benefits,  the DNV-ST-B203 standard. Aidro has
methods, including mechanical, micro-  including performance enhancements, also collaborated with the American

structural, and macrostructural tests. lighter weight parts, distributed Petroleum Institute and AM Energy to
To achieve AMC 3 level certification for ~ on-demand manufacturing and digital  develop standards and promote the
Laser Beam Powder Bed Fusion (PBF-  inventory that reduces the need for use of AM in the energy industry.

LB), DNV qualified a specific 316L part  physical stock.” www.aidro.it

| “MATEC

Technologies GmbH

From Experts for Experts

CIM-FEEDSTOCKS
3 Binder-Strategy

INMAFEED
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INMAPOM

i

HeerstraBenbenden 10 @) +49-2226 9087 -0 B sales@inmatec-gmbh.com
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Verder acquires
Formulaction to
expand particle
characterisation
portfolio

The Verder Group, headquartered
in Haan, Germany, has announced
the acquisition of Formulaction SA,
based in Toulouse, France. As part
of the group’s Scientific Division,
Formulaction will be integrated into
Microtrac MRB, a manufacturer of
particle characterisation systems.

Formulaction develops laboratory
equipment for analysing dispersion
stability & shelf life, curing & drying
processes and rheology. The addi-
tion of this company to the Microtrac
MRB portfolio is expected to create a
comprehensive suite of instrumenta-
tion for materials characterisation
practitioners.

This merger adds Formulaction's
Turbiscan, Curinscan, Fluidcam
and Rheolaser product lines to
Microtrac's own brand portfolio,
including SYNC Laser Diffraction,
Nanotrac Dynamic Light Scattering,
Camsizer Dynamic Image Analysis
and Belsorp Gas Adsorption Analysis.

“Since its creation, Formulaction
has been at the forefront of technical
innovation in helping scientists to
directly assess key properties of their
materials from early development
to final product design or 'End Use
Properties’,” stated Gerard Meunier,
CEO of Formulaction. “The integration
of the Formulaction product port-
folio into Microtrac MRB opens huge
opportunities for the expanded group
to provide added value to customers
in their pursuit of innovative product
development by delivering high-
quality solutions.”

Microtrac MRB's and
Formulaction's combined technolo-
gies offer a comprehensive portfolio
of solutions. The move will offer both
companies access to new markets
and opportunities, including:

* Particle Size and shape from
0.3nmto 135 mm

» Surface and pore size distri-
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bution using both physi- and
chemisorption
» Catalyst analysis

* Porosity and density
measurements

* Dispersion stability and zeta
potential analysis

* Rheological properties

“We have been witnessing the
development of Formulaction for years
and are impressed with the technology
and the agility of the team,” added
Andries Verder, CEO, Verder. “The
addition of the people and products
from Formulaction is an important

Grow your
profits...

With on-site
hydrogen
generation

A Nel Hydrogen
electrolyser will help
save money, streamline
operations and increase
your bottom line.

ION %

Gerard Meunier (left) and Andries
Verder (Courtesy Verder Group)

building block in our drive to enable

the progress for our customers in the

world of particle characterisation.”
www.formulaction.com
www.microtrac.com
www.verder.com

Alkaline and PEM technologies
Safe, clean and cost effective
Consistent purity and pressure
Eliminate hydrogen delivery
and storage

Scale to match any application

Visit us on-line or call for a consult
with one of our sales engineers today!
+1.203.9 7

www.n
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Lithoz and Glassomer release additively
manufactured quartz glass

Lithoz GmbH, headquartered in
Vienna, Austria, has worked with
Glassomer, a manufacturer of tech-
nical and optical components based
in Freiburg, Germany, to develop a
new type of glass capable of being
additively manufactured. The new
material, ‘LithaGlass powered by
Glassomer’, is processed using
Lithoz's lithography-based ceramic
Additive Manufacturing technology
and results in components with high
precision and mechanical stability.
As a slurry with a base of quartz
glass, LithaGlass is reported to be
closer to a ceramic than standard
glasses, such as soda-lime glass. It
offers the desirable material prop-
erties of high-performance fused
silica glass, including a low thermal

Mantle enhances its sinter-based tooling

expansion and high thermal shock
resistance.

Glassomer classified Lithoz's
lithography-based technology as the
only process capable of refining and
additively manufacturing its material
at such a high level.

“Glassomer’s choice of Lithoz's
LCM process as their key technology
to achieve this innovation once again
proves the sheer potential and flex-
ibility of our system,” stated Dr
Johannes Homa, CEQ, Lithoz. “The
new LithaGlass material brings our
company one step closer to our
vision - finding solutions to every
challenge of today with a 3D-printed
ceramic answer.”

Dr Frederik Kotz-Helmer, CSO of
Glassomer explained, "Our trans-

solution with increased automation

Mantle, San Francisco, California,
USA, has announced the release of
its High-Precision Shaping package,
which includes 0.006" and 0.010”
ball mill cutting tools and automated
toolpathing software. The package
is intended to enable tool rooms to
automate toolmaking process by
producing sharp corners and edges
without requiring EDM operations,
thus reducing the time required to

produce mould tools by up to 75%.
“At Mantle, our goal is to help
tool rooms increase the number of
complex mould tools they produce
while reducing the time, cost, and
labour to produce them,” stated
Ted Sorom, co-founder and CEO,

Mantle. "By deploying our new
High-Precision Shaping capabili-
ties, our customers can produce
steel tools faster than ever -

Manufacturing technology for tooling, with a 0.005" endmill for scale

(Courtesy Mantle)
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LithaGlass powered by Glassomer
combines the properties of fused
silica and soda-lime glass (Courtesy
Lithoz)

parent high-purity glass solutions
offer enormous potential for many
applications, especially for high-
stability optical and technical parts.
With Lithoz we have a powerful
partner to make our glasses available
for high precision 3D printing - which
will significantly advance science and
technology.”

www.lithoz.com

www.glassomer.com

without requiring programming,
setup, and operator time from over-
worked toolmakers.”

Mantle's TrueShape technology
combines Additive Manufacturing of
its tool steel pastes with traditional
CNC machining to refine the shape
of AM tools and deliver accuracy as
well as good surface finish and prop-
erties. Mantle's new High-Precision
Shaping package enables tool
rooms to produce tools with radii
under 0.003", a 70% improvement
compared to the .010" radii previ-
ously attainable, thereby eliminating
more EDM operations.

“Mantle allows us to offer produc-
tion-grade tooling to our customers
in prototype time,” added Eric
Derner, Technical Sales Applications
Engineer at Nicolet Plastics, an
injection moulder. “Mantle will allow
us to reduce our need for offshore
tooling, which introduces scheduling
and supply chain risk, with compa-
rable pricing. With Mantle's H13
tool steel and new High-Precision
Shaping capabilities, we can print
tools in-house and deliver complex
moulded parts to our customers
weeks faster than before.”

www.mantle3d.com

2023 INOVAR COMMUNICATIONS LTD  VOL. 17 NO. 2


https://www.pim-international.com/
http://bit.ly/3UEuy9K


www.indo-mim.com

LOOKING FOR PROTO-SAMPLES
IN 15 DAYS ?

3D PRINTING IS YOUR SOLUTION
LPBF ¢ Binder-Jetting ¢ Ceramic NPJ ¢ Metal/Ceramic SLA

Material Options 17-4PH, SS 316, Tool Steel M2 & S-7, Inconel 625, 4140
(Metal)
Materia] Options Alumina 99.5%, Zirconia
(Ceramics)

; ~ 300 grams max, Footprint equivalent of baseball size or less,
Build Envelope 0.02” (0.50 mm) wall thickness minimum
Quantity 10~50 samples based on footprint. Larger quantities up to

1,000 pcs welcome depending on the part size.

Within 2% of the feature size, 2~3 Ra Surface finish, Option

Teleeee efpelsllis of finishing to closer tolerances available.

CONTACT FOR MORE DETAILS

®
NORTH AMERICA Email: Mukund.N@indo-mim.com Ph: +1 (210) 557-1594 ‘ ’ I N DO_MIM

EUROPE Email: InfoEU@indo-mim.com Ph: +49 1732656067
. . . COMPLEXITY SIMPLIFIED
ASIA Email: InfoHQ@indo-mim.com Ph: +9198459 47783 / +91 98450 75320

1SO 9001:2015 / IATF 16949:2016 / AS 9100:Rev D / I1SO 13485:2016 / I1SO 14001:2015


www.indo-mim.com


Industry news

| contents | news

events | advertisers | website | newsletter |

Phoenix
Scientific
¢ Industries Ltd

Advanced Process Solutions

o

High throughput
gas
atomisation systems

For the
production of
metal powders

PSI provide
excellence in rapid
solidification systems
to the worldwide AM,
SLM, HIP and the
renewables industries

PSI Limited - Apex Business Park
Hailsham - East Sussex - BN27 3JU - UK
Tel: +44 (0)1323 449001
info@psiltd.co.uk - www.psiltd.co.uk

38 PIM INTERNATIONAL = SUMMER 2023

PVA TePla expands production
capacities as demand grows

PVA TePla AG, Wettenberg, Germany,
has responded to a steady increase
in order volumes with the decision
to significantly expand production

at the company's headquarters.

The company has announced a new
production and a logistics hall, with
a total of 1,600 m?, is currently under
construction to meet this growing
demand.

“We are planning a significant
jump in sales for 2023 in our budget,
which is definitely backed up by
a corresponding personnel plan,”
stated Dr Udo Broich, Managing
Director of the subsidiary PVA
Industrial Vacuum Systems GmbH.

The project involves a construc-
tion sum of approximately €3.1
million and is being carried out
with the support of the Moos
planning office from Wettenberg,
Germany.

The construction was begun by
a groundbreaking ceremony by the
company's board of management
and the managing directors.
Construction is expected to be
completed in November of this year.

The PVA TePla Group reported it
is planning to generate group sales
of between €240-260 million this
year.

www.pvatepla.com

Munson Machinery introduces Vee Cone
Blender for uniform powder blends

Industrial equipment supplier Munson
Machinery, Utica, New York, USA

has introduced a 28-litre Vee Cone
Blender, the VB-1-S316, which is said
to achieve uniform blends of dry bulk
solids in a typical 15-30 minutes, with
little or no product degradation. The
blender is constructed from 316 stain-
less steel and is available finished to
industrial, food, dairy and pharmaceu-
tical standards.

Suitable for laboratory testing,
pilot plants or low-volume blending of
dry powders and granular materials,
the unit reputedly delivers equal
homogeneity at fill volumes from
100% to 25% of rated capacity.

Smooth internal surfaces free
of baffles, shafts and bearings, are
said to allow complete discharge
through a 152 mm hand-wheel-
operated butterfly valve, eliminating
material waste. Access to internal
surfaces through the discharge valve
and twin doors at the ends of the
inclined cylinders permits thorough
sanitising in minutes, preventing
cross-contamination.

The Vee Cone chamber rotates at
up to 30 RPM, driven by a 0.75 kW
wash-down motor, imparting a

tumbling action that is gentler and
less energy consuming than ribbon
blenders and other agitated machines
in which blades, paddles or ploughs
are forced through stationary
material.

A safety-interlocked polycarbonate
housing is intended to protect opera-
tors from the rotating vessel.

An optional intensifier bar can
break up soft agglomerates and be
equipped with spray ports to distribute
liquid additions throughout the batch.

Munson Machinery also offers Vee
Cone Blenders in capacities from
8-5,663 litres, as well as a variety of
other mixers, blenders and size reduc-
tion machinery.

www.munsonmachinery.com

Munson Machinery has introduced
the VB-1-5316 Vee Cone Blender
(Courtesy Munson Machinery)
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Nexa3D acquires Addifab, launches
digital tooling for Injection Moulding

Nexa3D, Ventura, California, USA, has
completed its acquisition of Addifab,
Taastrup, Denmark, the creator
of Freeform Injection Moulding, a
proprietary and patented digital
tooling process reported to couple
the design freedom of Additive
Manufacturing with the mechanical
performance of injection moulding.
The acquisition will add foundational
intellectual property and capabilities
to Nexa3D's product line and accel-
erates its resin formulation and
industrial production initiatives.

The deal follows a successful
year of collaboration between
the two companies in both North
America and EMEA. The joint sales
and marketing efforts resulted in
converting dozens of customers from
traditional tooling to digital tooling,
thus saving time and cost. This end-
to-end solution combines Nexa3D's
fast polymer Additive Manufacturing
machines with Addifab’s high-impact,
high-temperature soluble resins to
manufacture complex tools that are
compatible with metal and ceramic
injection moulding feedstock.

“We are very excited to welcome
the entire Addifab team to the
growing Nexa3D family of people,

products and partners, democratising
access to dissolvable tooling for same
day complex moulded parts using the
entire range of industrially proven
plastics,” stated Avi Reichental,
co-founder, chairman and CEO of
Nexa3D. “We believe that the market
validated strategic fit between our
businesses and products, combined
with the expanded capabilities in
product development, next-gen resin
formulation, channel coverage, manu-
facturing and marketing, will result
in significant revenue and accretive
growth.”

Addifab developed, patented, and
successfully brought to market a
proprietary end-to-end digital tooling
solution that includes CAD-to-Tool
software generator, dissolvable
tooling resins, Additive Manufacturing
and injection moulding process. The
company's xMOLD resin is compatible
with the entire range of off-the-shelf
thermoplastic materials, including
reinforced high-performance feed-
stocks. Additionally, metals, ceramics,
and silicones are also covered,
enabling users of Nexa3D machines
to tap into applications that would
normally require a larger capital
investment. A tool additively manu-

Meteor granted US patent for ‘shell’
formation in Binder Jetting

Meteor Inkjet Ltd, a wholly owned
subsidiary of Hybrid Software Group
headquartered in Cambridge, UK,
which services the industrial inkjet
systems market, has been granted US
Patent No. 11,625,902 for “Methods
and Systems for Shell Formation in
3D Printing.” The ShellPro technology
utilises the greyscale of capability of
inkjet to offer step-function savings in
the energy and materials required to
additively manufacture complex parts
via Binder Jetting (BJT).

Binder Jet technology often
necessitates multiple structural
constituents of different densities.
One such structure might form a

PIM INTERNATIONAL = SUMMER 2023

strong ‘shell’ around the object’s
surface, which is typically denser than
the object’s interior. Meteor's ShellPro
technology utilises the multiple drop
size capacity of greyscale industrial
inkjet printheads to more easily create
sections of higher or lower density as
needed. The technology can also auto-
matically reduce shell thickness for
small features, thus improving dimen-
sional accuracy.

“This innovation offers the poten-
tial for Additive Manufacturing print
systems to use as much as 50% less
binder fluid, reduce the energy needed
for curing and create 3D objects
faster, all without sacrificing quality,”

facturable with the xMOLD resin is
soluble, meaning it does not require
complex slides and gates, giving
customers the ultimate flexibility

to test and iterate more frequently.
Finally, you don't have to be a tool-
maker to quickly design an injection
moulding tool using the Addifab tool
maker software or Solidworks.

“Soon after teaming up with
Nexa3D, it became increasingly
apparent that our combined solution
unlocks tremendous opportunities for
customers looking to create complex
injection moulding tools quickly and
affordably. A year into our enormously
successful commercial collaboration
and dozens of customer implementa-
tions with the likes of PepsiCo and
Wilson Sporting Goods, I'm thrilled
that we are officially joining forces,”
added Lasse G Staal, co-founder and
Business Development Leader at
Addifab.

As part of its growing commit-
ment to EMEA, and in service of its
growing reseller partner network,
Nexa3D plans to immediately leverage
Addifab’s Copenhagen facility as its
Customer Experience Centre, inclusive
of a product showroom, service and
support hub for its European-based
customers, and a main warehouse and
logistics centre in Europe.

www.nexa3d.com

www.addifab.com

stated Ken Hillier, Meteor's Director of
North America and primary inventor.

ShellPro is included as a standard
feature in Meteor’'s Met3D software.
Met3D offers users a means to convert
3D CAD files such as STL or OBJ to
rasterised vector files compatible with
inkjet AM machines.

Clive Ayling, Meteor's Managing
Director, added, "Meteor continues to
undertake basic research to find and
develop ways to improve the function-
ality, cost, quality and reliability of
the industrial inkjet printing process.
We are delighted that this invention
has been recognised with a US patent
and are confident that our ongoing
investment in technological innovation
will directly benefit not only our OEM
customers, but also the industry.”

www.meteorinkjet.com
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Low Pressure Powder Injection Moulding

of irregular shaped iron powders shows
promise as a lower cost alternative to

spherical powders

In the Spring 2023 issue of PIM
International (pp 54-58), we reported
on a comprehensive survey outlining
the significant progress that has
been made into researching the
potential of Low-Pressure Powder
Injection Moulding (LPIM) over the
past couple of decades. It was shown
that, in addition to being a cost-effec-
tive process for prototyping and the
small-series production of complex
near-net shape components, LPIM
has also been successfully used for
low and high volume production of
highly complex shapes, particularly
in the field of ceramics. Some of the
key advantages of LPIM compared
with high pressure PIM are that
LPIM machines are generally smaller
in size and use simple hydraulic
mechanics, resulting in lower

equipment costs and lower energy
consumption. LPIM generally uses

a low viscosity (<20 Pa.s) feedstock,
which is injected using a pressure

50 to 200 times lower than that used
for conventional PIM, resulting in the
added benefit of lower mould wear.
However, despite the cost advantages
of LPIM, current understanding of
producing metallic components via
LPIM remains limited to only a few
proofs of concept.

Included in this LPIM survey was a
reference to research at the Ecole de
Technologie Superieure, in Montreal,
Canada, into the use of irregular
shaped iron powders produced by
water atomisation for LPIM feed-
stock. The most recent results from
this research work have now been
published in the paper: 'Influence

of powder size on the moldability
and sintered properties of irreg-
ular iron-based feedstock used

in low-pressure powder injection
molding’, by A A Tafti, V Demers,
and V Brailovski at the Ecole de
Technologie Superieure in Montreal,
and G Vachon at Rio Tinto Metal
Powders, in Sorel-Tracy, Canada, the
producer of the water atomised iron
powder. The paper was published in
Powder Technology Vol. 42, online in
March 2023.

The authors stated that earlier
research into the mouldability of
feedstock using low-cost water
atomised iron powder having irreg-
ular particle shape demonstrated
that LPIM was suitable for fabri-
cating complex green shapes. The
influence of powder characteristics
and LPIM processing conditions on
the sintered density using irregular
iron-based feedstocks was also
studied. The focus of this current
work was, therefore, to study the
effect of different particle sizes on
LPIM feedstock mouldability and
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FURNACES INC.

WWW.CMFURNACES.COM

INFO@CMFURNACES.COM
103 DEWEY STREET BLOOMFIELD, N) 07003-4237 | TEL: 973-338-6500 | FAX: 973-338-1625

42 PIM INTERNATIONAL = SUMMER 2023 2023 INOVAR COMMUNICATIONS LTD VOL. 17 NO. 2



https://www.pim-international.com/
http://bit.ly/3UEuy9K

https://bit.ly/3Nbi1t1


| contents | news

events | advertisers | website | newsletter |

Industry news

also the final microstructures and
mechanical performance of parts
produced using irregular iron-based
powders.

The authors reported that the
iron powders were produced using
a three-step workflow, comprising
water atomisation, high energy attri-
tion milling, and sieving. The attrition
milling process, used to reduce the
particle sizes, seemed to be respon-
sible for the bimodal distribution
of the three powder lots produced:
-45, =25, and -10 pum (corresponding
to a mesh size of 325, 600, and
1250, respectively). Regarding the
screening size, powder —45 ym is said
to represent a powder lot consisting
of particles that have passed through
a 45 ym sieve opening. Table 1 shows
the physical properties of the three
types of iron powders produced.

The iron powders were mixed
with a binder specifically developed
for this research, which comprised
(vol.%): 1% of SA, 2% of EVA, 2% of
CW, and 36-38% of PW, with the PW
value being a function of the solid

"

Y Y

Particle size (um)

Distribution

ot om0 ey
D50 (SW) (g/cm?)

-45 um 1.0 | 13.1 | 386 2.87 1.61 7.4

=25 um 0.9 10.6 | 26.0 2.37 1.75 7.1

=10 um 0.8 58 | 15.6 2.55 1.98 6.9

Table 1 Physical properties of irreqular shaped iron powders (From paper:
‘Influence of powder size on the moldability and sintered properties of irreg-
ular iron-based feedstock used in low-pressure powder injection molding’,
by A A Tafti et al, published in Powder Technology, Vol 420, 5 March 2023, 15

pages)

loadings used for each feedstock.
The moulding behaviour of the iron
powder feedstocks was assessed in
two stages. The first stage assessed
the impact of the particle size on the
feedstock viscosity and a common
solid loading for all the powder

lots was set to 57 vol.%. This value
corresponds to the maximum work-
able solid loading of the finest
powder used in this study (i.e.,

-10 um). The second stage looked
at the overall performance of each

3D-printed ceramics:
Big parts, thick walls & full density
throughout the entire part.

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

powder lot during the LPIM process
(i.e., primarily the mouldability and
sinterability); the maximum solid
loading of each powder lot was
used in the feedstock formulation.
This powder loading in the feed-
stock varied from 57-59 vol.%, with
a higher solid loading observed as
the powders became coarser. The
authors found, from their mould-
ability analysis, that the =10 ym
feedstock showed the best moulding
potential thanks to its higher feed-
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stock homogeneity and a slightly
lower solid loading of 57 vol.%. Fig. 1
shows the comparison between the
achieved mouldability index and the
spiral flow distance achieved in LPIM.
Fig. 2 shows the laboratory-
scale LPIM press used to validate
the mouldability index and fabricate
rectangular parts for tensile tests
and density measurements. The
injection moulded parts were then
debound and sintered using the
thermal cycles shown in Fig 3. The
thermal cycle for binder removal
200 using a thermal wick-debinding
-45 um -25 um -10 um approach, in which the injected parts
Powder lots were placed into a debinding cell
and heated under pure argon gas
Fig. 1 Comparison between the mouldability index and the spiral flow distance.  flow (25 L/min), is shown in Fig. 3a.
(From paper: 'Influence of powder size on the moldability and sintered proper-  During the first stage of debinding

500 400

480 1
350
460
300
440

Mobility index (a,,,)

1 250

Spiral flow distance (mm)

420

rvr rr 1 rrrrrrrrrrrrrrrrrers

ties of irregular iron-based feedstock used in low-pressure powder injection at 250°C, alumina was used as the
molding’, by A A Tafti et al, published in Powder Technology, Vol 420, 5 March wicking medium to extract the melted
2023, 15 pages) binder out of the part using capillary

(a) (b)
Mixing
system Upper
plate
\ Gate
FeedsFock Base
container J Mold plate \\
T holder
™~ Mold 5 cm
. ) (c)
Side
plates
- Upper
Sliding o plate ~~
platform Injection
cylinder
Injected
part —— Lower
plate
Gate —
5cm

Fig. 2 Schematic illustrations of the (a) injection press and mould cavities for (b) spiral and (c) rectangular geometries
(From paper: ‘Influence of powder size on the moldability and sintered properties of irregular iron-based feedstock
used in low-pressure powder injection molding’, by A A Tafti et al, published in Powder Technology, Vol 420, 5 March
2023, 15 pages)
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Fig. 3 (a) Thermal wick-debinding cycle under the protective atmosphere of pure argon and (b) sintering cycles under
the reactive atmosphere of pure hydrogen (From paper: 'Influence of powder size on the moldability and sintered prop-
erties of irregular iron-based feedstock used in low-pressure powder injection molding’, by A A Tafti et al, published in
Powder Technology, Vol 420, 5 March 2023, 15 pages)

forces (segment (i) in Fig. 3a). To acti- steps, as shown in segment (ii) in (iii) in Fig. 3b) and then cooled down.
vate thermal pyrolysis, the furnace Fig. 3a. Fig. 4 shows the progression of
temperature was increased to the The debound parts were then density over the three time periods
pre-sintering temperature of 600°C placed on a zirconia plate before with the results confirming that, for
for which alumina acts as a support sintering under pure hydrogen gas such irregular shaped iron powders,
for the moulded parts during the final  flow at 1280°C for three sintering particle size remains one of the main
binder burnout and pre-sintering times of 30, 90, and 270 min (segment  driving forces for sintering, as can
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7.5 7 85 conditions used. Following sintering,
--{3---45 um 1 _ a linear shrinkage of about 15, 17,
= --f%---25 um h = and 20% respectively was meas-
E 70} ==O---10 um __.'-O . 80 o ured for the -45, =25, and =10 um
o= e 1 E powders.
oy ‘_,.-—"' 175 : The authors investigated the type
2 45 | O A o of porosity and pore size distribu-
f -~ i — 1 g0 ‘E tion in the microstructures of the
o P _r_'_‘_"_'__,_-.------"'[:l N o sintered iron LPIM parts, as well
£ 60} '_’,,ﬂ""’ 1 2 as determining the evolution of
n X 7 17 é carbon and oxygen contents during
|:|" Sintered at 1280°C in pure hydrogen: debinding and sintering (Fig. 5 a-b).
55 P S S TS SR N T The results show that, at the final
0 50 120 180 240 300 high debinding temperature of 600°C,

the oxygen content was reduced to

0.07-0.47 wt.%, whereas the carbon
Fig. 4 Sintered density as a function of sintering time (From paper: ‘Influence remained relatively constant at 2.7

Sintered time (min)

of powder size on the moldability and sintered properties of irregular iron- to 2.9 wt.% during debinding. During
based feedstock used in low-pressure powder injection molding’, by A A Tafti sintering (Fig. 5 c-d), it was found
et al, published in Powder Technology, Vol 420, 5 March 2023, 15 pages) that the use of a hydrogen atmos-

phere for only 30 min reduced the
oxygen content by 2 to 16 times and

be seen for the -10 um specimen, by conventional MIM usually reach a the carbon content by 10 to 80 times,
which reached 7.1 g/cm?® (~90%) after  sintered density of 95 to 99% of theo-  depending on the powder grade . An

270 min - the highest density level retical and the lower level in LPIM increase in sintering time from 30 to
achieved in this research work. The of irregular iron powders could be 90 min was found to further promote
authors stated that parts produced attributed to the suboptimal sintering  oxygen reduction, decreasing the
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oxygen content from 300 to 200
ppm. An increase in sintering time
up to 270 min appears to have a
positive impact on the oxygen levels
in the -25 ym and -10 um grade
iron powders, with a decrease to
170 and 100 ppm, respectively. The
authors concluded that the carbon
and oxygen contents of all sintered
specimens were within acceptable
ranges for pure sintered iron.

Finally, the authors looked at the
microstructures and mechanical
properties of the three grades of
irregular iron powder sintered for
the three different time periods.

SEM observations confirmed that
the microstructures obtained with
the -10 um powder exhibited a more
spherical and finer pore network
than those obtained with the other
two powder grades studied. The
fine-grained structure and the
presence of pores at the grain
boundaries in the -10 um specimens
also suggests that sintering temper-
ature could possibly be increased to
complete the microstructure forma-
tion and to increase the density and
mechanical properties. They stated
that optimum sintering conditions
still needed to be determined.

In terms of mechanical proper-
ties achieved, the -45 um specimens
sintered at 1280°C for 270 min exhib-
ited a final density of 6.2 g/cm?®, a UTS
of 161 7 MPa, a YS of 48 + 3 MPa,
and an EL% of 12%, while the =10 um
specimens, sintered using the same
conditions, gave a density of 7.1 g/
cm?®, a UTS of 225 £ 1 MPa, YS of 73
+ 3 MPa, and an EL% of 24%. These
mechanical properties were found to
be similar to those obtained with the
MIM parts conventionally produced
from fine spherical iron powders.

www.sciencedirect.com/journal/
powder-technology
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Fig. 5 Evolution of oxygen and carbon contents during (a-b) debinding and (c-d) sintering processes (From paper:
‘Influence of powder size on the moldability and sintered properties of irregular iron-based feedstock used in low-pres-
sure powder injection molding’, by A A Tafti et al, published in Powder Technology, Vol 420, 5 March 2023, 15 pages)
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HP’s novel coating that could enable the
free sintering of BJT and MIM parts

Metal Binder Jetting (BJT) involves
the selective application of a binder
layer-by-layer on a powder bed to
produce green parts, followed by
debinding and sintering treatments.
During the debinding and sintering
processes, the binder burns out,
particle-to-particle necking initiates,
and the bonding cross-sectional area
increases as sintering progresses.
An increase in the bond area leads to
an increase in brown part strength.
However, the overall tensile strength
is compromised due to the prevailing
elevated temperature, as a result
the parts with overhang features
distort/sag under gravity. Traditional
methods used to avoid part sag are
sintering with live setters or using
machined ceramic setters. Distortion/
sag during the sintering of binder-
powder systems, including MIM and

BJT, is inherent and is a fundamen-
tally challenging scientific research
problem.

In the open literature, there have
been no practical solutions avail-
able to sinter as-printed green
parts without the use of support
structures. Recently, John Samuel
Dilip Jangam, Thomas Anthony, Jim
McKinnell, Ben Pon, Jake Piderman,
and Lihua Zhao, at HP Inc.'s HP
Labs invented a shape-retaining-
stimulus coating that eliminates the
need for support structures during
the sintering of copper and stain-
less steel parts created by Binder
Jetting. Their research was published
in Solid Freeform Fabrication 2022:
Proceedings of the 33" Annual
International Solid Freeform
Fabrication Symposium, with the
paper ‘Support-free sintering of 3D

Fig. 1 (a) Copper green part (b) sintered copper part showing severe sag
(c) stainless steel green part and (d) sintered stainless steel part showing

severe sag

(a)

Ve Coating

Reaction

 product |

'Hlﬂﬁﬂ”l[ﬂmﬂﬂwmﬂﬂ?ﬂmm

printed binder jet copper and stain-
less steel parts’, pages. 1494-1505.

In their study, a simply supported
configuration with spans of 28 mm,
and 50 mm for copper and 33 mm
for stainless steel were used. To
ascertain the progress of distortion/
sag in copper parts with tempera-
ture, the green parts were thermally
processed at 500°C to 1040°C. Their
results showed an increase in the
angle of deflection/distortion from
0° to 20° with an increase in the
treatment temperature. Copper
green parts were sintered at 1040°C
for 4 hin ArH,, and stainless steel
green parts were sintered at 1370°C
for 2 h, also in ArH,. Fig. 1 shows
copper and stainless steel parts
before and after sintering. Sintered
parts showed a deflection of 20° for
copper and 13° for stainless steel.

Shape-retaining-stimulus coat-
ings (SRSC) were developed to
resist part sag during sintering.
SRSC-Cu developed for copper was
applied to the green part surfaces
(Fig. 2a) and sintered at 300°C for
1h +500°C for 2 h + 650°C for 1 h
+1000°C for 30 min, in ArH,. Fig. 2b
shows the sintered part with a 28
mm overhang stayed intact without
sag. These results profoundly
elucidate that SRSC-Cu could
eliminate part sag during sintering.
Interestingly, SRSC coating on
the part surfaces can be cleaned
by brushing off or sand blasting
(Fig. 2 c). It was also reported
that a part with a 50 mm overhang
remained intact without sag after
sintering.

By subjecting the coated green
parts to various thermal treatment
temperatures, the authors were able
to better understand the mechanism
of support-free sintering. According
to their findings, the coating forms
a strong metallurgical bond with the
part surfaces and avoids sagging
when treated at 300°C for 1 h +
500°C for 2 h. Concurrently, multi-
stage sintering helps to increase
the volume of particle-neck-bond
providing strength to support itself.
When the coated part is heated to

600°C, a chemical reaction in the
coating causes it to transform into a

Fig. 2 (a) Green part (28 mm span) with SRSC-Cu coating, (b) sintered part and
(c) sintered part after cleaning
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Green part with coating

Sintered part

Cleaned part

Fig. 3 (a) Stainless steel green part (33 mm span) with SRSC-Steel coating, (b)
sintered part and (c) sintered part after cleaning

porous network, adhering to the part
surfaces. In their paper, additional
experimental results on parts with
overhangs at 30°, 45° and 60° angles
were reported to have sintered
without sag.

The researchers also investigated
support-free sintering of 316L stain-
less steel parts. SRSC-steel coating,

developed for stainless steel, was
applied to the green part surfaces,
and sintered. Fig. 3 shows green part
with SRSC-steel coating (a), after
sintering (b) and after cleaning (c).
The stainless steel sintered part
showed no sag. During the initial
stages of debind/sintering, the SRSC
ingredients metallurgically bond to

the part surfaces and provide the
necessary strength to prevent sag
under gravity. Similar to SRSC-Cu
coating, SRSC-steel coating undergoes
a chemical reaction while sintering,
and the reaction product is weakly
adhered to the part. However, the
morphology observed was different.
After cleaning and sand blasting
there were no traces of prior coating
application.

During the development of these
shape-retaining-stimulus coatings,
certain coating mixture combina-
tions were found to induce positive
deformation while sintering. These
coatings caused the part to curl up,
moving against gravity and countering
the natural phenomenon of part sag.
With an optimised coating formula-
tion, the researchers were able to
tune the extent of deformation in the
part. Fig. 4 shows that the shape-
inducing-stimulus coating can add a
new dimension to the copper green
part during sintering. Researchers
described this intriguing new phenom-
enon as ‘4D Metal Printing’, since 3D
printed green part is transformed to
a new shape by an external stimulus
coating during sintering. Further, it
was mentioned that shape-stimulus
coatings can be extended to make
self-assembling metal structures, and
the details can be obtained from US
patent #US20220226892A1.

In summary, a novel approach was
invented to address the sag problem
during sintering. Introducing shape
retaining and shape inducing coatings
can overcome the design limitations
and open new opportunities in both
the Binder Jetting and MIM industries.

www.hp.com/us-en/hp-labs.html

Fig. 4 Copper parts with shape-inducing-stimulus coating show that a controlled amount of deformation can be induced

in @ 3D printed part during sintering
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Characterisation of ceramic
injected moulded biocompatible

oxide ceramic parts

There has been a significant
increase over the past fifty years in
the number of elderly people in the
global population, which in turn has
led to the need to raise awareness
of osteoporosis caused by ageing
and the growing demand for artificial
bone materials as bones become
more fragile and fracture and
require to be repaired or replaced.
Bioceramics is a class of mate-
rials that have found use as artificial
bone materials for repairing or
replacing damaged bone tissue
because of their excellent biocom-
patibility and mechanical properties.
Bioceramics can also directly
interact with the surrounding tissue,
either supporting tissue growth or
inducing new tissue regeneration.
In many biomedical applications,

bioceramics such as alumina must
often be fabricated to a specific

and often complex shape such as
artificial hip joints, artificial knee
joints, bone screws, maxillofacial
reconstruction, dental implants, etc.
Alumina oxide is a bioinert material
with excellent biocompatibility and
mechanical properties, but its high
hardness and brittleness make it
difficult and costly to machine to the
highly complex and precision shapes
often required in artificial bone
replacements.

Ceramic Injection Moulding is a
manufacturing process which can
meet many of the requirements
for complex geometries and high
precision alumina components for
artificial bone materials and, where
necessary, the alumina parts can

€ VISOTTICA

GROUP

be easily machined to the required
shape in the green state after
injection moulding and prior to
sintering. This can result in low-
cost custom-made alumina artificial
bone structures that match the exact
shape of the defective bone being
replaced. The CIM alumina parts can
also be produced with some porosity
to allow cell ingrowth and tissue
regeneration.

Research at the Department of
Mechanical Systems Engineering,
Tokyo Metropolitan University,
Japan, has been focused on Ceramic
Injection Moulding to produce
alumina artificial bone material
and, in particular, the research
has investigated the effects of CIM
conditions, such as alumina powder
loading and binder composition and
content in the CIM feedstock, in
order to control the porosity, grain
size and mechanical properties of
the sintered CIM alumina material.
A paper by T Osada, Y Nagai, and
S Kobayashi, recently published
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Industry news

in Open Ceramics (Vol. 13, 2023,
100328, 7pp) entitled: 'Fabrication
and mechanical characterization

of biocompatible oxide ceramic
parts by injection molding’, outlined
the results of their research. The
authors stated that it is possible to
control the density of CIM alumina
parts by controlling the binder
components and amount of binder
added, or adjusting the powder
loading. Even if the obtained bending
strength of the CIM alumina parts
decreased slightly with increasing
porosity, they stated it was still
found to be sufficient for use as arti-
ficial bone material.

The authors used alumina (AL,0,)
powder, to which was added the
binder comprising polyacetal (POM)
and polyolefin (PO), three types of
polypropylene (PP) with different
melt flow rates, low-density poly-
ethylene (LDPE) and high-density
polyethylene (HDPE)), paraffin wax
(PW), fatty acid amide, and an anti-
oxidant. POM and PO acted as the

backbone polymers. Powder loading
and binder composition are shown
in Table 1.

The alumina powder and binders
were mixed in a kneader for 1 h at
180°C with powder loading of 47,
50, and 52 vol.%. Viscosity meas-
urements were performed on the
feedstock compounds obtained
to investigate their rheological
behaviour. The authors stated
that it was possible to select the
powder loading and binder compo-
sition according to the viscosity of
the sample. In particular, PP has
higher strength and lower viscosity
than LDPE and HDPE, which they
suggest gives it advantages when
used to produce artificial bone
material from alumina.

The alumina feedstock was
injection moulded into tensile bar
shaped specimens. It was estab-
lished that the optimum conditions
for CIM of the alumina feedstock
are 50-52 vol.% powder loading
or 30-40 mass% in POM/PP and

Ceramic

Powder Mixing Ratio of Binder [mass%]
Feedstock [vol.%]
Label Fatty

Alumina POM PO PW Acid  Antioxidant

Amide

AS-47-30/H 47 30 30 B 4.8 0.2
AS-47-30/M 47 30 30 85 4.8 0.2
AS-47-30/L 47 30 30 I3 4.8 0.2
AS-50-30/H 50 30 30 BB 4.8 0.2
AS-50-30/M 50 30 30 B 4.8 0.2
AS-50-30/L 50 30 30 85 4.8 0.2
AS-52-30/H 52 30 30 I3 4.8 0.2
AS-52-30/M 52 30 30 3B 4.8 0.2
AS-52-30/L 52 30 30 35 4.8 0.2
AS-50-30/LDPE 50 30 30 85 4.8 0.2
AS-50-30/HDPE 50 30 30 85 4.8 0.2
AS-50-40/LDPE 50 40 40 15 4.8 0.2
AS-50-40/HDPE 50 40 40 15 4.8 0.2
AS-50-45/L.DPE 50 45 45 5 4.8 0.2
AS-50-45/HDPE 50 45 45 9 4.8 0.2

Table 1 Compositions of the alumina feedstock (From paper: 'Fabrication and
mechanical characterization of biocompatible oxide ceramic parts by injection
molding’ by T Osada et al, Open Ceramics, Vol 13, 2023, 100328, 7 pp)
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Fig. 1 Relationship between relative density and bending strength of CIM
sintered alumina with different powder loading (From paper: ‘Fabrication and
mechanical characterization of biocompatible oxide ceramic parts by injection
molding’ by T Osada et al, Open Ceramics, Vol 13, 2023, 100328, 7 pp)
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Fig. 2 Relationship between relative density and bending strength of CIM

sintered alumina with different binder compositions (From paper: ‘Fabrication

and mechanical characterization of biocompatible oxide ceramic parts by

injection molding’ by T Osada et al, Open Ceramics, Vol 13, 2023, 100328, 7 pp)
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POM/PE in the binder composition.
Bending strength was measured
on both the green and sintered
CIM alumina parts. Fig. 1 shows
the relationship between relative
density and bending strength in
sintered samples, depending on
the effect of powder loading, and
Fig. 2 shows the same relationship,
depending on the different binder
compositions used.

The authors reported that
the higher viscosity of PP, which
has the higher bending strength,
makes this binder more suit-
able when the green CIM parts
need to be machined before
sintering. The bending strength of
LDPE specimens increased with
increasing POM and LDPE content.
The authors suggested that the
molecular weight or content of
the backbone polymer affected
the strength of green CIM alumina
compacts.

Porosity of the sintered CIM
alumina parts could be modified by
changing the powder loading and
porosity could also be increased
when needed by increasing the
backbone polymer content. Higher
powder loading was found to show
larger grain sizes in sintered
alumina, whereas parts with lower
powder loading showed smaller
grain size and higher porosity.
Bending tests showed fracture
occurring along the grain bounda-
ries. The bending strengths of the
CIM alumina specimens showed
that they were sufficient for use as
artificial bone material.

www.sciencedirect.com/journal/
open-ceramics
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MIM 316L stainless steel mechanical
properties compared with other forming

processes

316L stainless steel is one of the
most commonly used alloys in
Metal Injection Moulding thanks to
its excellent corrosion resistance,
weldability and good mechanical
properties. Typical applications
consist of consumer products such
as watchcases, spectacle frame
parts, automotive components, elec-
tronics, dental and medical devices.
MIM 316L stainless steel is said to
have contributed significantly to the
growth of the global MIM industry,
which has seen average annual
growth rates of around 14% over the
past decade.

However, whilst MIM technology
has advantages in terms of achieving
shape complexity with minimum
material waste in processing
compared with other shaping
processes, such as machining,
investment casting and die casting,
the mechanical properties of MIM
316L stainless steel are very much
dependent on optimising the MIM
process. In particular, mechanical
properties of MIM 316L stainless
steel are highly dependent on the
final density and grain size achieved
in the sintered parts and any defects
occurring during the MIM process

can have a detrimental effect on final
properties.

Research at the Chungbuk
National University, in Cheongju, and
the Industrial Materials Processing
R&D Department at Korea Institute
of Industrial Technology (KITECH),
in Incheon, Republic of Korea, has
been undertaken to achieve a greater
understanding of the mechanical
properties, including fatigue strength,
of MIM 316L stainless steel. The aim
of the research was to allow MIM
316L stainless steels to be consid-
ered for application sectors requiring
higher strength components, for
example in agricultural machinery.
The results of this research have
been published in Materials, March 7,
2023, Vol 16, 2144, 12 pp, with the
authors I-S Hwang, T-Y So, D-H Lee,
and C-S Shin.

The authors stated that fifteen test
bars were injection moulded from
316L stainless steel feedstock based
on water atomised grade powders,
with the test bars being debound at
900°C for 1 h in hydrogen followed
by sintering at 1320°C for 2 h under
vacuum. The mechanical proper-
ties of the sintered MIM 316L test
bars were then compared with 316L

cold-rolled parts and also with some
316L parts made by hot rolling or by
PBF-LB Additive Manufacturing. The
authors analysed the microstructure
of the sintered 316L test pieces via
scanning electron microscopy (SEM)
and the grain size using the inter-
cept method and EBSD calculations.
Fig. 1 (a) shows the 316L specimens
made by the MIM process.

The average density obtained
in the sintering of the MIM 316L
test pieces, measured using the
Archimedes principle,was 7.56 g/ cm?,
or 94.62% of theoretical. The
authors suggested that the density
achieved in the MIM process is
greatly affected by the conditions of
the binder composition in the 316L
feedstock and the debinding and
sintering processes, and that the
lower sintered density compared
with the cold rolling process could
put the MIM 316L parts at a disad-
vantage in terms of mechanical
properties. Fig. 1 (b) shows the elec-
tronic densimeter (md-200s) used to
measure density.

Tensile testing (UTS) of the
sintered MIM 316L specimens was
performed to fracture at the constant
speed of 5 mm/min for three speci-
mens each. The fatigue tests were
done at the stress ratio of 0.1 and
were performed at completely
reversed cyclic stresses using the
servohydraulic fatigue testing system
shown in Fig. 1 (c). The maximum

Fig. 1 Process of measuring mechanical properties: (a) specimens produced by MIM process, (b) electronic densimeter
(md-200 s), (c) servohydraulic fatigue testing system (Instron 880) (From paper: ‘Characterization of Mechanical prop-
erties and grain size of stainless steel 316L via metal injection molding’ by In-Seok Hwang et al, Materials, March 7,

2023, Vol 16, 2144, 12 pp)
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Fig. 2 Stress-strain curve of 316L produced by MIM (From paper:
‘Characterization of Mechanical properties and grain size of stainless steel
316L via metal injection molding’ by In-Seok Hwang et al, Materials, March 7,

2023, Vol 16, 2144, 12 pp)

stresses of the fatigue tests were

set based on the UTS obtained in the
tensile test. These stresses were set

at 80% (432 MPa) and in increments
down to 55% (297 MPa). The fatigue
limit was determined as the stress
value applied when the number of
loading cycles went beyond 10°in
this study.

The average UTS value obtained
from three of the MIM 316L samples
tested was 539 MPa (Fig. 2). This
is lower than the tensile strengths
of the cold-rolled 316L specimens,

which ranged from 620 to 795 MPa,
and lower also than the hot-rolled
specimen (580 MPa). Two mecha-
nisms were identified by the authors
as the primary causes of reduced
mechanical properties in MIM 316L.
The presence of pores in the sintered
specimens caused by: (1) reduction in
the area where stress is applied and
(2) polygonal pores caused a notch
effect, which could potentially lead to
early material failure.

The ductility, or elongation to
fracture, of the MIM 316L speci-

mens was measured at 92%, which
is a considerable increase compared
to that of the cold-rolled specimen
(30%) and was slightly higher than the
hot-rolled specimen at 89%. Ductility
could be increased further with an
increase in sintering temperature to
decrease porosity in the sintered mate-
rial. However, the authors stated that
sintering at excessively high tempera-
tures could result in a decrease in
ductility due to abnormal grain growth
and the precipitation of carbides in
the grain boundary. The temperature
of 1320°C was therefore found to be
optimal, with the sintered microstruc-
ture observed using SEM after etching
showing average grain size to be
88.51 um

Fatigue testing was done on ten
of the sintered MIM 316L test pieces.
The fatigue test was performed at
80% of maximum tensile strength and
a stress ratio of R = 0.1. The fatigue
life was found at 55% (297 MPa)
of maximum tensile strength that
achieved 10 cycles. Fig. 3 (b) shows
the results of the fatigue limit meas-
urements for the MIM 316L and also
the fatigue limits for rolled 316L and
specimens produced by the PBF-LB
Additive Manufacturing process. The
fatigue limit for MIM 316was found to
be higher than PBF-LB 316L and lower
than cold-rolled 316L.

www.mdpi.com/journal/materials
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Fig. 3 (a) Stress-life curve of SS 316L produced by MIM (b) Fatigue limit measurement results reported in the litera-
ture and in this work for 316L (From paper: ‘Characterization of Mechanical properties and grain size of stainless steel
316L via metal injection molding’ by In-Seok Hwang et al, Materials, March 7, 2023, Vol 16, 2144, 12 pp)
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Evaluating Metal Injection
Moulding as a green production
technology

Sustainability is a topic that concerns all of us, from individuals to societies

and industries. As we face increasingly difficult environmental challenges,
discussions about sustainability and our contribution towards it are ongoing in
many areas of our daily lives. This is, of course, also true for the Metal Injection
Moulding industry. Whilst MIM is already considered a green technology
compared to alternative processes, there are still considerable opportunities for
improvement that can be identified through life cycle assessment and carbon
footprint analysis. Dr Frank Petzoldt and Dr Sebastian Boris Hein consider the
complex task of evaluating MIM as a green technology within this context.

This article takes a closer
look at the MIM process chain,
reflects on the European MIM

The production of parts by
machining or casting requires a
significant amount of energy and

and generates a large amount of
waste. The use of solvents and other
chemicals in MIM processing can

generates a large amount of waste.
Whilst the environmental impact of
MIM is often considered to be lower
than that of other manufacturing
processes, the production of metal
powders and binders still requires
a significant amount of energy

NO
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also negatively impact the envi-
ronment. To reduce this impact,

it is important to analyse energy
consumption and waste generation
in the manufacturing process and
make improvements based on that
knowledge.
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community’s take on developing
the sustainability of MIM in the
coming years, and considers
life cycle assessment (LCA) and
carbon footprint (CF) analysis
as means for evaluating MIM
technology.
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Fig. 1 The seventeen Sustainable Development Goals set by the United Nations (Courtesy United Nations)
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AND PRODUCTION
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Fig. 2 Goals 9 and 12 are the most relevant to Metal Injection Moulding

(Courtesy United Nations)

Sustainable Development
Goals

In 2015, the United Nations formu-
lated seventeen Sustainable
Development Goals (Fig. 1). These
goals serve as a blueprint to facili-
tate a peaceful and prosperous
future for people and the planet.

Sustainable MIM

Because these objectives are inter-
linked on many levels, they can
easily be connected to manufacturing
technologies such as MIM. Two goals,

Less waste
during production

Sustainable Processes and Plants (Cost

Sintering
reduce gas, temp, time
furnace insulation

Life Cycle Analysis

9 and 12, which deal with building
resilient infrastructure, promoting
inclusive and sustainable industri-
alisation, fostering innovation and
ensuring sustainable consumption
and production patterns, are clearly
linked to MIM (Fig. 2).

In recent years, these goals have
been considered more closely by
the European MIM community. In a
2021 European Powder Metallurgy
Association (EPMA) workshop,
attended by a large number of repre-
sentatives from the European MIM
industry, participants exchanged

Sustainable Products

Sustainable
powders / materials

Combine MIM and

Use of »green energy«

Additive Manufacturing

Today 2030

Improved
precision

views on important factors for MIM
with regard to digitalisation, quality
and sustainability. The results

of the discussion were put into a
roadmap that reflects the vision of
the European MIM community for the
coming years (Fig. 3).

As the figure shows, actions at the
time focused mainly on waste, mate-
rial and energy reduction, as well as
the use of green energy. The use of
LCA to properly assess the sustain-
ability of products seems to be an
important next step for future years.

Future improvements in MIM

Of course, in order to improve on a
situation, it must first be properly
understood. As process capability
improves, use cases for MIM will
increase; in the long run, many
factors may come together to create
an ‘ideal’ MIM part. Although such an
ideal part and the factors that influ-
ence it may be defined in different
ways, they can be based on previ-
ously mentioned topics, such as LCA,
and a deeper understanding of the
processes, interactions and require-
ments of a specified application (e.g.,
an improved design for an extended
period of use, second-Llife use or
recyclability).

leal« MIM part

Green Plant

Fig. 3 Roadmap on sustainable products, processes, and manufacturing plants, developed by members of the European

MIM community in 2021
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With regard to processes and
manufacturing plants, the use of
more sustainable materials and the
combination of MIM with Additive
Manufacturing are necessary next
steps towards green production. This
includes using more reliable data
collection and generating a deeper
process understanding, avoiding
trial and error cycles in application
development, reducing the necessity
of post-processing and the resulting
energy wastage, and recycling
scrap more efficiently. A very clear
common understanding within the
group who developed this roadmap
was that everything must take the
economic perspective into account,
ultimately leading to cost reduction.

Given the cost of production,
there is a well-known visualisation
of the influence that certain stages
of manufacturing have in relation to
the costs (Fig. 4). Tied to this is the
concept of lean innovation, which is
based on applying lean principles
to create value by smart design and
continuous improvement.

This way of thinking already
intrinsically and specifically includes
a view on sustainability, but, with a
clear focus on the specific produc-
tion environment and associated cost
savings (e.g., by minimising waste)
it connects the goals of an ideal
MIM part and green manufacturing
plants and shows the importance of
implementing more viewpoints into
a product’s design. This also applies
to sustainability considerations and
must be based on tools that can be
used to achieve this.

Life cycle assessment

Because LCA is a central tool for
approaching sustainability, some
core elements and aspects are
covered here, as well as the two
main ways to make use of it.

Four steps of LCA

LCA is defined as a methodology to
assess the environmental impact

of a product, process or service
throughout its life cycle: from raw
material acquisition, through produc-

Fig. 4 The influence of production stages on product costs

“This includes using more reliable data
collection and generating a deeper
process understanding, avoiding
trial and error cycles in application
development, reducing the necessity for
post-processing and the resulting energy
wastage, and recycling scrap more

H 14
efficiently.
tion and its use and disposal (or allocation procedure, impact
end-of-life use in the case of prod- assessment and documentation

ucts). It is a standardised procedure
as per IS0 standards, mainly ISO
14040 and I1SO 14044. The LCA proce-
dure can be divided into four steps: 3. Impact assessment (LCIA): envi-
ronmental and human impacts

2. Life cycle inventory (LCI):
resources, energy, emissions

1. Goal and scope: definition of

a product system, functional 4. Evaluation/interpretation:

unit, reference flow, system definition of priorities, sensitivity
boundaries, assumptions, limita- analysis, optimisation potentials,
tions, data quality requirements, balance comparison
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Fig. 5 LCA and variants

Defining the goal and scope of
the LCA is the first step. This is a
complex process but provides a
framework for the entire analysis
and a means to interpret the results,
assess the LCA itself and make
sensible comparisons with other
LCAs. By definition, an LCA encom-
passes the entire life cycle of the
product system; however, there are
further variants that use the LCA
approach but limit the analysis to
certain parts of the product system'’s
life cycle. Such variants are depicted
in Fig. 5.

LCA can be referred to as a
cradle-to-grave analysis, but partial
LCAs can be done from cradle-to-
gate, eliminating the application

refurbish

recycle

phase in the case of physical prod-
ucts and their end-of-life scenarios
(e.g., second-life use, recycling), or
from gate-to-gate (e.g., which can
focus on a distinct manufacturing
part within a product's life cycle).

LCA in the MIM industry
The MIM industry is primarily
focused on providing metal parts.
Therefore, assessments that
end at the gate are more easily
obtained because data about the
application stage of parts may
be hard to get, depending on the
specific product.

The primary use of LCA is as
an assessment tool, providing
an evaluation of technologies,

“The primary use of LCA is as an
assessment tool, providing an
evaluation of technologies, products,
processes and more. In that respect,
it can help in making decisions
within developments and be used
in consulting, to characterise
production systems and analyse
optimisation potential.”

PIM INTERNATIONAL = SUVMMER 2023

re-use

products, processes and more. In
that respect, it can help in making
decisions within developments

and be used in consulting, to char-
acterise production systems and
analyse optimisation potential. It
can also help to select environ-
mental performance indicators and
can facilitate communication (e.g.,
for acquisition), supported by an
Environmental Product Declaration,
or for marketing, by providing
benchmarks.

Essentially, LCA is always
used for comparison purposes,
such as a comparison of situa-
tions at different times (progress),
of process A versus process B
for a specific product (e.g., MIM
vs. investment casting), process
variant A versus process variant B
(e.g., sintering MIM parts in contin-
uous vs. batch furnaces), design A
versus design B, the greenhouse
gas (GHG) emissions of process
steps (e.g., powder production vs.
injection moulding vs. sintering),
supplier A versus supplier B or
something else.

The second way to use LCA is
not only as an assessment tool
but as an integral part of the
product design (Fig. 4). Because
LCA can implement many factors,
elements may be included that
provide additional value, such as
socio-economic factors, political
factors such as raw material
dependency, or materials and
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manufacturing alternatives. When
such factors are required for deci-
sion making within the design phase
of a product, LCA-based scenarios
can be integrated into that model-
ling. Approaches to do this in an
automated fashion and thus offering
means to optimise a product design
based on, or at least including,
sustainability aspects, are being
increasingly developed.

GHG Protocol

In the late 1990s, an initiative was
started to place more emphasis

on GHGs with the GHG Protocol.
This led to the development of the
GHG Protocol Product Life Cycle
Accounting and Reporting Standard,
which can be regarded as a special
form of LCA. It provides “a general
framework for companies to make
informed choices to reduce green-
house gas emissions from the
products (goods or services) they
design, manufacture, sell, purchase
or use.”

This clear focus on GHGs has
probably influenced the way sustain-
ability is discussed nowadays,
particularly in terms of CO, emis-
sions as a CF. Emission levels are
already determined by many compa-
nies, on the one hand to analyse the
CF of the company itself in a gate-
to-gate manner, and on the other
hand to provide a product carbon
footprint (PCF).

Within the GHG protocol, the
scoping (which is the first part of
an LCA) is defined in three emission
levels, to provide more standardised
guidance for companies. Scope 1
emissions are direct emissions
generated by the company's owned
or controlled sources. Scope 2
and 3 emissions are indirect emis-
sions, with Scope 2 emissions
including indirect GHG emissions
from purchased or acquired energy,
such as electricity, steam, heating
or cooling, generated off-site and
consumed by the company. Scope 3
emissions are those that occur in
the value chain of a company, as
“the result of activities from assets
not owned or controlled by the
reporting organisation but that the
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Fig. 6 Use of LCA as an analysis tool (green arrow), or improvement

programme (dark blue arrow)

organisation indirectly impacts in
its value chain” - as expressed by
the US Environmental Protection
Agency. These can be defined as
either upstream emissions, related
to purchased or acquired goods and
services (i.e., cradle-to-gate), or
downstream emissions, related to
sold goods and services and emitted
after they leave the company’'s owner-
ship or control (i.e., gate-to-grave).

Scope 3 emissions are manifold
and stem from various process
elements, and so are often not
reliably quantifiable. Therefore,
companies are often not expected or
required to calculate life cycle inven-
tories for individual products when
calculating Scope 3 emissions.

In the following, we look deeper
into the technological steps of the
MIM process and provide an estima-
tion of the relative impact of process
elements on the CF of MIM products.

The MIM process

From a technological view, the core
process of MIM is usually depicted
as starting with powder and binder,
followed by feedstock prepara-

tion, injection moulding, first-stage
debinding and finally thermal
debinding and sintering. When
applying the cradle-to-gate view, the
acquisition of raw materials, as well
as powder and binder production,
and secondary operations have to be
included. In the following, we will go
into a little more detail in these steps
regarding selected sustainability
aspects and provide the aforemen-
tioned estimation, based on the
authors’ experience.

Raw material acquisition

The raw materials for a MIM product
typically comprise multiple different
materials from different sources.
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Metal powders can, of course, be
derived from ores that must be
processed to gain a pure metal

or alloy. The location of natural
resources - and, with this, the
potential dependencies on certain
countries, as well as the conditions
of extraction - are topics that should
be increasingly considered in the
future. These factors already drive
politically-motivated approaches to
reduce dependencies on problematic
sources.

An additional approach is to
focus increasingly on recycling to
slow down the depletion of natural
resources. Also, the more that recy-
cled materials can cover the demand,
the fewer the dependencies on
potentially problematic resources.
However, setting up recycling
systems is a complex task, often from
a technical perspective alone, but
definitely also from a logistical point
of view.

Knowledge about the amounts
and locations of certain materials
in complex systems such as cars,
cell phones, etc., as well as how
to recover components, is crucial
and involves the generation and
handling of complex data sets. This
may be facilitated by smart designs
and approaches to improve the
traceability of components (e.g., by
tagging), but is certainly a topic for
development.

Thus, regarding sustainability,
replacing problematic sources,
improving raw material acquisition
conditions, increasing the amount

of recycled raw materials and, of
course, technologically improving the
processes can lead to improvements
and, for example, lower the CF.

Powder production
There are different processes to
produce metal powders, such as oxide
reduction, electrolytic deposition or
atomisation. Most powders used in
MIM are produced by gas or water
atomisation. Another powder often
employed is carbonyl iron powder,
which is produced by the thermal
decomposition of carbonyl iron. Water
and gas atomisation use molten metal
to feed into the media stream of water
or gas (typically nitrogen or argon)
in which the high shear atomises
the melt into droplets that solidify
and form the powder particles. The
particles are more irregular in water
atomisation and usually highly spher-
ical in gas atomisation. Also, water
atomised powder usually contains
more oxygen, which may have to be
reduced later in the process.
Fundamentally, the production of
metal powders is an energy-intensive
process and thus offers the potential
to reduce the CF of powders by using
green energy as much as is economi-
cally possible. Furthermore, the use
of scrap as a raw material source can
significantly reduce the CF. The use
of large amounts of process media
that require a lot of energy in their
respective production (e.g., argon)
or that must be purified, as in the
case of water, add to the CFs of the
processes.

“Fundamentally, the production of
metal powders is an energy-intensive
process and thus offers the potential
to reduce the CF of powders by using

green energy as much as economically
possible. Furthermore, the use of
scrap as a raw material source can
significantly reduce the CF.”

PIM INTERNATIONAL = SUMMER 2023

Binder component production
Binder components comprise a
smaller share of the feedstock,
roughly 40% by volume, but are
considerably less by weight, due

to the greater density of metals.
Their specific components differ for
different binder systems, but they
are always organic compounds.
They must be as residue-free as
possible during the MIM process
chain. Sustainability is a major topic
within the chemical industry and has
resulted in many ventures to make
chemical production more environ-
mentally friendly.

One trend is recycling waste mate-
rial to break it down into simple
chemicals that can act as a base
material for a variety of products.

An example is the production of
polyolefins (e.g., polyethylene, poly-
propylene), in which cooking oil or
residue from vegetable oil production
is recycled as a source material. The
customer can decide how much of the
source material should be used to
reduce their CO, reductions. Because
such approaches have to be built up,
they are initially more costly, but they
can contribute to minimising the use
of oil from fossil sources.

Feedstock production

The production of feedstock is done
by using different types of mixing
technologies, such as kneading,
high-shear mixing and compounding/
extrusion. The reuse of feedstock
(e.g., from sprues and runners or
defective green parts) may require
some additional regranulation to
achieve reusable feedstock granulate.
Feedstock production may be run
continuously, which makes sense for
suppliers of large feedstock quanti-
ties, but is often done batch-wise,
especially when feedstock produc-
tion is done by part manufacturers
in-house.

Because feedstock for MIM is
always thermoplastic, the mixing
must be done at elevated tempera-
tures to melt the binder completely
(i.e., between 120°C and 200°C). Aside
from this thermal energy aspect,
shear must be applied to homogenise
the feedstock as well as possible,
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for which rotating elements such as
blades or screws are used against
the material’s resistance. This torque,
applied via electrical motors, as well
as the energy for heating equipment
and materials, add to the energy
consumption of the MIM process.

Injection moulding

During the injection moulding step,
the feedstock is heated and injected
into a heated mould to solidify and
generate the green part. The two
primary types of high pressure injec-
tion moulding machines are the more
traditional hydraulic machines as
well as more modern electrically-
driven machines. According to
various sources, electrically-driven
machines consume less energy,
require less maintenance and
produce less waste than alternatives
such as those using hydraulic oil,
which has to be replaced regularly.
To increase productivity and reduce
the energy required for part produc-
tion, tools with several cavities can
be used. Feedstock can be recycled
in-process, as mentioned above, and
is usually added to some extent to
fresh feedstock in production.

First-stage debinding

In first-stage debinding, the major
share of the binder system is
removed to form pores through which
gaseous decomposition products
may leave the parts in the following
thermal debinding, without damaging
the parts. This removal of binder in
first-stage debinding is nowadays
mostly done either chemically or
catalytically. In chemical debinding,
soluble components of the binder
system are removed by immersing
the green parts in a suitable solvent,
usually at elevated temperatures,
limited by the boiling point of the
solvent.

Suitable solvents depend on the
binder system and can be water,
acetone, hexane, trichloroethylene, or
others. Although some systems can
reuse the solvents after distillation,
solvents always evaporate during
the debinding. Therefore, aside from
the energy consumption of the tech-
nical equipment, the handling of
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“The variety of potential secondary
operations is very wide, from simple
mechanical calibration to adjust the

dimensions of distorted parts, to multiple
ways to treat the surfaces of parts,
machining critical features such as
threads, basic heat treatment and Hot
Isostatic Pressing (HIP).”

solvents is a factor with regard to
sustainability. The solubilised and
post-distillation collected ‘waste’ of
binder components is often disposed
of. As the chemical industry is
increasingly making use of waste
material, improved recycling of
these materials may improve the
sustainability of the whole process
in general.

Catalytic debinding is used for
binders based on polyoxymethylene
(POM), which are widely used in
the MIM industry. POM is chemi-
cally decomposed by reacting with
nitric acid at elevated temperatures.
The resulting toxic formaldehyde
is burned off to prevent any harm
to people, which results in direct
emissions.

First-stage debinding clearly
contributes to the emissions,
potentially with direct emissions
additional to CO, equivalents from
energy consumption.

Second-stage debinding and
sintering

Second-stage (thermal) debinding

is often carried out in the same
furnace that subsequently sinters
the MIM parts. Although this can

be done separately, which may lead
to parts with lower amounts of
residuals, it requires the handling of

mechanically highly unstable ‘brown’

(completely debound) parts. The
two main options regarding furnace
technologies are batch furnaces and
continuous furnaces.

Both technologies have tech-
nical advantages and disadvantages
favouring one or the other. But, from
a sustainability perspective, if both
technologies were used, continuous
furnaces could achieve less energy
per part, if the load with parts were
sufficiently high, but many more
factors must be taken into considera-
tion to determine the ‘best’ option.

Because some organic material is
typically burned off in the early phase
of a furnace cycle, and sometimes
hydrogen is used partially or entirely
as a sintering atmosphere, the
sintering atmosphere is flared after
leaving the furnace.

Thus, prolonged high temperatures
certainly result in the sintering step
being one of the more energy-inten-
sive steps in the MIM process chain.

Secondary processing

For many MIM parts, secondary
processing is an integral part of the
process chain. The variety of potential
secondary operations is very wide,
from simple mechanical calibration

to adjust the dimensions of distorted
parts, to multiple ways to treat the
surfaces of parts, machining critical
features such as threads, basic heat
treatment and Hot Isostatic Pressing
(HIP). These secondary processes
may lead to further emissions such as
removed excess material and certain
chemicals, additional to their respec-
tive energy consumption, and can
contribute considerably to the CF of

a part.
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Fig. 7 The relative contribution of selected process elements to the carbon footprint MIM parts

Further process-related aspects

Aside from the direct process tech- “In principle, the process elements with
nologies, there are usually several . .

process-related topics that must the largest contribution to the CF are
2150 be considered within an LCA, also the ones with the largest potential
including process-accompanying . ) )

analytics, data processing, internal to reduce it. Stl”, the relative energy

logistics and more.

savings potential within each step

Qualitative impact depends on how well the processes and

assessment of the process the technology are optimised, and on
step potential alternatives, such as in the case
Having looked a little closer into of Vil’gin VS. rECYCled pOWder'S. .

the MIM process steps and some
of their respective sustainability
aspects, we want to give a qualita-

tive assessment of the contribution As can be seen, the largest contri-  and those from recycled materials.
of certain process elements to bution is attributed to the powder Depending on the specific metal or
the CF of MIM parts. Given the and potentially to secondary opera- alloy, factors of 2 to 20 can be found
complexity of LCA and the vari- tions. Still, both contain aspects that concerning the CF between those
ability of the process chains of should be discussed further. For the sources. Of course, the Scope 2
specific MIM parts, Fig. 7 provides powder, several sources state the indirect emissions of virgin powders
an estimation. huge impact between virgin powders have different aspects, potentially
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related to mining, raw material
processing and more, that impact the
CF severely.

Secondary operations can
also impact the CF significantly,
depending on their specific use for
a certain product. Heat treatment
and HIP may be closer to a sintering
process in terms of CF, whereas
other operations contribute very
little. The binder also contributes
considerably, because the synthesis
of polymers and other chemicals
consumes significant amounts of
energy. However, because the CF is
usually given based on the weight,
the low density of organic materials
compared to powders puts them into
perspective.

The core MIM production that uses
powders and binders (and often feed-
stocks) within Scope 2 would mainly
focus on the elements of injection
moulding, debinding and sintering.
Some minor post-processing is poten-
tially also included, but processes
such as heat treatment and HIP are
often outsourced. Within these core
steps, sintering contributes most to
the CF; injection moulding contrib-
utes the least.

In principle, the process elements
with the largest contribution to the
CF are also the ones with the largest

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

potential to reduce it. Still, the rela-
tive energy savings potential within
each step depends on how well the
processes and the technology are
optimised, and on potential alterna-
tives, such as in the case of virgin vs.
recycled powders. Process steps that
are rooted in large industries, such
as injection moulding, also benefit
from developments elsewhere and
may be further along with regards to
their specific optimisation potential.

When analysing the PCF of a
specific MIM part, the actual contri-
bution of the process elements
will, of course, be different. But, if
more and more companies provide
that information, for example, via
the Scope 3 approach, the PCF of a
final part can be quickly calculated
by using the information within
the entire MIM customer-supplier
chain. This will also provide a more
detailed image of the MIM technology
and make it more easily comparable
to others.

The initial overview of the
European MIM community's vision
shows the motivation to take
important steps in reducing energy
consumption in the coming years.
This is already supported strongly
by Germany's MIM Expertenkreis
(MIM Expert Group) and the EPMA,

with plans to take further steps with
partners from around the globe such
as the Japan Powder Metallurgy
Association (JPMA) and North
America's Metal Injection Molding
Association (MIMA). These actions
will contribute to @ more sustain-
able MIM industry as well as greener
production plants.
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Simulating sintering furnaces:
A ‘check-and-act’ solution to
optimse MIM and sinter-based AM
production

The consistent high quality of sintered parts produced by Metal Injection Moulding, or
AM processes such as Binder Jetting, can only be achieved with stable manufacturing
conditions. Inhomogeneous and transient temperatures in sintering furnaces are

one area where variability can be difficult to manage. This article outlines how
simulation can lead to an optimal set up for the sintering process - or at least a

best compromise - via the assessment of many possible process variations. Dr Gotz
Hartmann and Dr Wilfried Schafer, MAGMA GmbH, and Dr Jesper Thorborg, Technical
University of Denmark, share the results of recent research.

When developing and producing
components, relatively optimum
designs or manufacturing conditions
must be found, especially against
the backdrop of price pressure and
quality requirements. We say “rela-
tively” because an absolute optimum
in these areas has always been a
utopian dream. This is due to restric-
tions on the time and resources that
have to be invested in the continuous
improvement processes of compo-
nent development and production.

‘Trial and error' is the most wide-
spread approach in engineering,
regardless of whether one proceeds
with parallel variants or sequen-
tially. Trials in sufficient numbers
are always time-consuming and
costly and so the number, i.e. the
richness of variants, is usually low.
Of course, you can learn a lot from
errors, but they are also expensive
and, therefore, undesirable; the
effort generated is often shamefully
booked under ‘overhead costs'.

Over the past forty years, simula-
tion technologies have developed
in almost all technical areas, taking
over a large part of the tasks of trial
and error. Experiments can be run in

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

virtual test rooms and, due to the low
cost of simulating a design or manu-
facturing variant, one can afford to
make mistakes. Simulation becomes
particularly efficient when many vari-
ants are calculated in virtual Design
of Experiments (DOE) and evalu-

ated more or less automatically and
according to statistical aspects.

No other method can test or eval-
uate more variants of manufacturing
processes and design variants of a
component at the low-cost and speed
of virtual DOE. This provides both
the designer of a component and
the manufacturing engineer with the
best conceivable basis for fast, quali-
fied decisions.

Fig. 1 Over the past forty years, simulation technologies have developed in

almost all technical areas, taking over a large part of the tasks of trial and
error. They become particularly efficient when many variants are calculated in
virtual Design of Experiments (DOE) and evaluated more or less automatically
and according to statistical aspects (Courtesy MAGMA GmbH)

SUMMER 2023 = PIM INTERNATIONAL 71



https://www.pim-international.com/
http://bit.ly/3UEuy9K

https://bit.ly/43FehGD


Furnace simulation

| contents | news

events | advertisers | website | newsletter |

72

Fig. 2 The thermally relevant components of the furnace (insulations,
susceptor, heating elements, left) and of the rack with the sintered parts
(tungsten plates, sintered parts, right) required for modelling are taken from
CAD. The calculation mesh has a local resolution of 0.7 mm here (Courtesy

MAGMA GmbH)

Potentials of the virtual
assessment of sintering
furnaces

Consistently high-quality sintered
parts can only be achieved with
stable manufacturing processes
under controlled conditions, starting
with shaping (pressing, MIM, or
processes such as Binder Jetting)
and ending with sintering. The
modelling of the sintering processes
has long been the subject of
numerous R&D projects. However,
most of the models developed have
not found any real application in

the production environment of
sintered parts; at best, they might
find applications in production
preparation. One reason for this low
technology transfer from science

to the real production environment
could be that, in industrial sintering

processes, the temperatures of indi-
vidual sintered parts change over
time and vary depending on their
position in the furnace. This means
that each sintered part is exposed to
an individual transient temperature
environment during the sintering
process.

A fast and efficient modelling
approach developed recently [1] has
now been integrated into standard
heat treatment software for steel
castings [2]. This paper reports on
possible applications of this model at
sintering furnace scale. This furnace
model is able to predict the transient
local temperatures of individual
sintered parts at different positions
in the furnace. For this purpose, the
temperature- and time-dependent
thermal conductivities of the parts
are required as input for a further
increase in accuracy and relevance, a

]
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point that will be covered in detail.

The model for calculating the
transient and inhomogeneous
temperatures in sintering furnaces
is used to assess a given sintering
process. Accurate knowledge of
the temperature-time histories
for each individual location in the
furnace and within the sintered
parts, combined with the knowledge
about the heat flows throughout the
furnace, enables accurate predic-
tion of potential problems during
sintering.

However, the greatest benefit
is derived from the application of
the computational models when
an optimal set up for the sintering
process, or the best compromise,
can be found via the assessment of
many possible process variations.
This topic will also be considered
here - with different variations of
batch furnace investigated - with
the aim of achieving a homogeneous
furnace temperature.

The transient and inhomo-
geneous conditions in sintering
furnaces naturally have conse-
guences for the sintered parts. In
particular, temperature gradients
within the sintered parts are the
cause of various problems, whereby
these become more relevant as the
dimensions of the sintered parts
increase. The consequences of
inhomogeneous binder degrada-
tion caused by inhomogeneous heat
input into the green part will also
be discussed.

Fig. 3 Temperatures of the sintered parts when the furnace temperature has just reached 1,400°C (left) and at the end
of the holding time (right). The scales range from the lowest to the highest temperatures observed (Courtesy MAGMA

GmbH)
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Fig. 4 The heat flux density here characterises the exchange of radiant energy. On the left, at the beginning of heating
after 25 min. On the right, towards the end of the holding phase. The value of the heat flux density results from the
temperature differences of all ‘face-to-face’ surfaces, as well as their emission and absorption coefficients (Courtesy

MAGMA GmbH)

From furnace temperatures
to the temperatures of
individual sintered parts

It has already been observed that
the temperatures of individual
sintered parts at the beginning of
the sintering phase differ by more
than 30°C, depending on their posi-
tion in the rack [1]. At the same time,
the parts in the middle of the stack
reach the desired sintering tempera-
ture more than 20 minutes later than
the parts near the furnace heating.
This proves that even a holding of
the furnace temperatures during
sintering leads to transient, non-
uniform temperature environments
for each sintered part.

The example presented here
involves a sintering process in which
around 18,500 carbide parts with
dimensions in the cm range are
sintered in a furnace under vacuum.
For the calculation model, the ther-
mally relevant areas are taken from
CAD and meshed (Fig. 2).

In the example shown, the target
temperature of 1,400°C should be
reached everywhere in the furnace
after 3% hours and then held at
uniform, steady-state temperatures
in the furnace for another 1% hours.
However, the calculation shows a
different picture: the temperature
distribution between the sintered

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

parts is clearly inhomogeneous:
when the furnace temperature had
just reached 1,400°C, the tempera-
ture differences were up to 100°C
and, at the end of the holding time
after a total of 5 hours, the tempera-
ture differences were still up to 34°C
(Fig. 3). In this example, the radiant
heat source is at 1,400°C and, due to
vacuum sintering and the fact that
the sintered parts are thermally
decoupled from the tungsten plates
by insulating alumina mats, no
further types of heat transfer need to
be considered.

In order to understand exactly
what leads to the obviously inhomo-
geneous and transient temperature
distribution in the furnace, it is
useful to investigate the heat flows
in the furnace. In the case of vacuum

sintering, the determining variable is
the heat radiation between all areas
of the furnace, the rack and the
sintered parts, as well as the heat
conduction within all components
represented in the model.

The calculations show that, at the
beginning of heating, the sintered
parts facing the susceptor are
exposed to a high heat flux of up to
3,500 W/m? while the sintered parts
placed in the centre of the furnace
receive almost no heat. The heat
is emitted from the susceptor and
absorbed by furnace walls, the inside
of the furnace door and, of course,
the rack and the sintered parts. The
guestion of emission or absorption
arises from temperature differences
of the surfaces, between which
radiant energy is exchanged.

“In order to understand exactly
what leads to the obviously
inhomogeneous and transient
temperature distribution in the
furnace, it is useful to investigate
the heat flows in the furnace.”
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Fig. 5 A green compact in a vacuum sintering process consists of nearly
spherical alloy particles and vacuum (Courtesy MAGMA GmbH)

In the holding phase, consider-
able heat is still exchanged, which
is due to the permanently-existing
temperature gradients in the furnace.
Conversely, this means that if a heat
flow is displayed in the calculation,
temperature differences prevail and
the temperatures in the furnace are
uneven (Fig. 4). It is both interesting
and easy to see how much heat
the unheated furnace door absorbs
during the entire sintering process.

For the simulations quoted above,
the thermal conductivity of the
green compact was set at 50% of
the reference value for the thermal
conductivity of the 100% dense
material. The increasing values of
the thermal conductivity due to the
density increasing during sintering
were considered by a linear approach
from 40 to 100% during the time from
onset to complete sintering.

Temperature- and time-
dependent thermal
conductivities of sintered
parts: the link between
calculations on powder-
scale and furnace-scale

The work described below was
carried out for a stainless-steel
alloy (316L) and was aimed at devel-
oping a method for determining the
thermal conductivity of sintered
parts during sintering [3]. The moti-
vation arises from the necessary
assumption that the material of

the sintered parts is homogeneous
throughout the complete sintering
process for furnace-scale simula-
tions. It was mentioned above that
the enmeshment of the simulation
model allows a local resolution down
to just below 1 mm, which is about
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Fig. 6 Radiant heat flux along a virtual sintering sample. The radiant heat
source is indicated by the red arrow (Courtesy MAGMA GmbH)
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two orders of magnitude too coarse
in relation to the powder-scale.

Looking at the microscopic struc-
ture of a green part, one finds gas
atomised steel particles of almost
spherical shape and a certain size
distribution and spaces between the
powder particles filled with inert or
reaction gas or vacuum (Fig. 5).

The heat transport through a
green body is thus built up by two
dominant mechanisms: To begin,
there is the thermal conductivity
within the steel spheres. Before
the part starts to sinter, the heat
transport between the steel spheres
is clearly dominated by radiation.
However, this strongly depends on
the prevailing surface temperatures.
Considering the extremely small
contact area between the steel
spheres, the heat transfer between
the steel spheres can be neglected
at this point.

The following approach to model-
ling the thermal conductivity of a
sintered part before and during
powder-scale sintering is based on
this situation.

The components that make up
a loaded sintering furnace, on the
one hand, and a loaded vacuum heat
treatment furnace, on the other, are
basically the same: steel parts and
vacuum. Verified numerical heat
transfer models have recently been
developed for the vacuum heat treat-
ment of steel parts [2], which should
be a useful basis for calculating the
thermal conductivity of sintering
probes before and during sintering.

The following approach is
proposed for such a 'virtual deter-
mination’: a standard virtual bar
specimen was designed in CAD,
consisting of steel spheres of one
fraction and vacuum in the inter-
stices. Varying the diameters of
the spheres allows the variation
of a steel/vacuum ratio between
57% (where the steel spheres are
just touching) and 100% (no more
vacuum volume). The varying steel/
vacuum ratio corresponds to a
sample during sintering, where the
density ranges from about 57% for
the green part to 100% for the dense
part.

2023 INODVAR COMMUNICATIONS LTD VOL. 17 NO. 2


https://www.pim-international.com/
http://bit.ly/3UEuy9K


| contents | news

events | advertisers | website | newsletter |

Furnace simulation

In the example shown in Fig. 6,
one end of a 57% dense virtual
sintered sample was exposed to a
1,000°C radiant heat source and simu-
lated using the verified heat transfer
model for radiation in vacuum of
Fainberg and Schafer [2]. The heat is
transferred in the longitudinal direc-
tion of the sample. It can be observed
how the radiation first heats the side
of the first particles facing the heat
source. Then the heat is conducted
through the particles, which in turn
transfer heat by radiation to their
colder neighbours in the shadow of
the heat source.

The result is a transient tempera-
ture distribution in the virtual
specimen (Fig. 7). This combined heat
transport from thermal radiation in
the interstices of the specimen and
thermal conduction within the powder
particles leads to a characteristic
transient temperature distribution in
the specimen.

Due to the complexity of the
physical relationships considered in
this microscale model, the calcula-
tion takes some time, but provides
detailed answers to questions about
the heat transfer in green parts.

For the simulation of macro-
scale transient 3D heat transfer in
complete furnaces or at least in
furnace segments, with hundreds to
tens of thousands of sintered parts,
this approach cannot be used without
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Fig. 7 Radiant heat flux along a virtual sintering sample. The radiant heat
source is indicated by the red arrow (Courtesy MAGMA GmbH)

enormous computing times, even on
computer cluster. For this reason, an
approach is needed that helps to move
from the microscale analysis of heat
transfer in detailed sintered samples
(see above) to a macroscale analysis
of sintered parts in a furnace.

It was proposed that the detailed
geometric model of the discrete virtual
sinter specimen, as shown in Fig. 6
and Fig. 7, should be replaced by a
model with a continuum structure,
but with temperature- and time-
dependent thermal conductivities, as
obtained from the above-mentioned
heat transfer simulations of the virtual
sinter specimen.

Phase Il

Thermal conductivity

700 T(°C) 1200

0 tsinter (min)

180

Two characteristic phases were
defined: firstly, the heating phase,
in which the thermal conductivity
of the sample is determined by the
temperature-dependent effects of
heat conduction through the steel
particles and radiation between
them and secondly, the isothermal
sintering phase, in which the
thermal conductivity is determined
by the same effects. The increasing
amount of thermal conduction within
the powder particles as they form
an increasingly dense structure
during sintering is considered (Fig.
8, left). The methodology used here
is based on a virtual DOE, where

Temperature_

- C—

Fig. 8 Left: Typical thermal conductivity with two characteristic phases.: temperature-dependent before and time-
dependent during sintering. Right: Virtual sample of homogeneous material with the same thermal conductivity as the
microscale virtual sintered sample in Fig. 6, selected by virtual DOE (Courtesy MAGMA GmbH)
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Fig. 9 Temperatures of the sintered parts in a segment of a furnace at the end of the heating phase. The left-hand
boundary of the calculation model is, in each case, the adiabatic furnace centre, the right-hand boundary is the heat
radiator on the furnace side (Courtesy MAGMA GmbH)

the individual virtual specimens
have different thermal conduc-
tivities. The respective individual
simulations in the DOE use the same
boundary conditions as the heat
transfer simulation of the microscale
simulations described above. In the
automated evaluation of the results,
the variant out of the DOE with the
smallest deviation from the given
transient temperature development
of the detailed sintering specimen is
searched for, as shown in Fig. 6 (and
Fig. 8 right).

From the assessment of
furnace temperatures to
optimisation

As previously shown, heating and
even holding phases in sintering
furnaces are transient; at the same
time, the temperature distribution in
a sintering furnace is non-uniform
at any time. When taking this into
consideration, questions should

be raised about process improve-
ments to get closer to steady-state
and uniform temperatures during
sintering.

However, the development, testing
and realisation of alternative heating
concepts that could enable more
uniform furnace temperatures is, of
course, risky, time-consuming and

PIM INTERNATIONAL = SUMMER 2023

cost-intensive. One of the most inter-
esting effects of virtual test methods,
however, is that many technical
approaches, even exotic ones, can be
evaluated and documented with little
effort and in a short time.

In batch sintering furnaces,
the heating elements are, at least,
located on the sides of the furnace
chamber, sometimes additionally
on the bottom and top. The reason
for this is that, in this case, a rack
carrying all the sintered parts can be
loaded into the furnace in one step.
What is somewhat neglected here is
the above-mentioned problem of tran-
sient, non-uniform temperatures to
which the sintered parts are exposed.

An admittedly exotic approach
would be to install additional
vertical heating plates parallel to the
charging direction of the furnace.

A virtual DOE was carried out for

a virtual test and to document the
possible effects of different heating
element designs in a sintering
furnace [3]. The variants have a
different number of heating plates:
the standard version: two plates at
the sides of the furnace chamber,
a version with one additional plate
and a version with three additional
heating plates (Fig. 9).

With one additional heating plate
(Fig. 9 centre) the temperature distri-
butions clearly become more even
- and this proportionally more true

when more heating plates are added
(Fig. 9 right.) If there are only heating
plates at the sides of the furnace,

the temperature difference between
the parts near the heating plate and
those in the centre of the furnace is
about 35°C. This temperature differ-
ence is reduced to about 20°C with an
additional heating plate in the centre
of the furnace and to less than 6°C
with a total of five heating plates.

The behaviour of green
parts during thermal
debinding

During thermal debinding of MIM
and sinter-based AM green parts,
defects may occur. These can be
explained, for example, by uneven
binder decomposition and the
resulting uneven transient strains
and stresses. The non-uniform binder
degradation may in turn be due to
non-uniform temperatures in the
sintered part.

The decomposition of a binder can
be described by an Arrhenius func-
tion, whereby the activation energy
can be determined via thermo-
gravimetry. In the example described
below, a single sintered part from
the calculation above was examined
in more detail (see Fig. 9). A sintered
part was selected from the centre
of the rack, immediately next to the
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Fig. 10 Inhomogeneous binder degradation during thermal debinding of a 316L - MIM part. The part is located in the
centre of the rack and is directly irradiated by the heat source to the left of the sintered part. Local resolution in the
calculation mesh is about 1 mm. The value 0 means “no decomposition”, the value 1 means “complete decomposition”

of the binder (Courtesy MAGMA GmbH)

Fig. 11 Transient, local strain of the green compact during binder degradation (see Fig. 9) (Courtesy MAGMA GmbH)

. ‘ ‘ .

Fig. 12 Transient, local contraction considering creep under gravity and free sliding on the substrate (Courtesy MAGMA
GmbH)
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radiant heat source. As a result, a used as a boundary condition for the the green part (Fig. 12). To calculate
green part in this position is exposed  calculation of the binder degradation this three-dimensional shrinkage,

to a particular risk due to uneven, (Fig. 10). This binder degradation gravity-induced creep of the binder
one-sided exposure to heat. The size naturally leads to a characteristic at temperatures below the decay

of the sintered part is about 30 x 30 x  elongation of the green part (Fig. was considered. A popular Cam-Clay
30 mm. The transient inhomogeneous  11), and this, in turn, leads to an model [e.g. 5] was utilised for the

temperature of the sintered part was  equally characteristic contraction of calculations.
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Concluding remarks

In this article, some examples are
shown where the thermal processes
in sintering furnaces and sintered
parts are very conclusive, which
brings to question why these
phenomena, which are known in
principle, should be analysed and
optimised with the aid of complex
calculation models at all? The
authors’ aim here was not to docu-
ment concrete solutions for concrete
problems, but to demonstrate the
methodology of virtual assessment
and virtual process optimisation and
to point out their potential.
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Don’t panic! A hitchhiker’s
guide to metal Fused Filament
Fabrication (FFF)

This is a story from what once looked like the edge of the metal Additive
Manufacturing universe. A decade ago, the idea of a MIM feedstock-like filament for
Fused Filament Fabrication (FFF) was the stuff of beer talk, but then things started
to happen. Through a Facebook group called ‘FFF Metal 3D printing’ | discovered
what felt like an underground community, driven by the seemingly impossible
prospect of ‘printing metal’ on a shoestring budget. Amongst the dramatic images
of failed builds and small piles of melted steel, posts by Sascha Lenze stood out.
Here, he shares the story of L.B. Bohle Maschinen und Verfahren GmbH's journey
towards the Material Extrusion (MEX) of metal-containing filaments for industrial
applications. Welcome to the new frontier!

More than four years ago, when | processing solutions, we place high you can read about Metal Injection
first became aware of metal Fused demands on part specifications and Moulding, and feeling a bit like
Filament Fabrication (FFF), it was performance. In our opinion, such Arthur Dent after his first teleport
Markforged and its Metal X system systems struggle to deliver for the to the Vogon ship from Earth (rest
that brought it to my attention. given material. in peace, Douglas Adams), we were
Because our company's focus was - Subsequently, after almost no lucky enough to discover a review
and, for many reasons, still is - on information regarding metal FFF on YouTube by Andreas Weiss of
316L (1.4404) stainless steel, we could be found online except what AMPro3D [1] showing the oppor-

already had some experience of
metal Additive Manufacturing service
providers, mostly using Laser

Beam Powder Bed Fusion (PBF-LB).
The low entry price of all-in-one
solutions like that of Markforged,
when compared to other metal AM
processes, was immediately attrac-
tive to us.

We contacted Markforged to get
more information about its product
and, after some email conversations
and phone calls regarding the prices
for the particular part we intended
to manufacture in the future, we met
to explore the possibilities. To cut to
the chase, at the end of that day we
realised that such near-automated
‘all-in-one’ desktop metal Material
Extrusion (MEX) packages were not

the right choice for us. Because Fig. 1 Despite its home-brew nature, using metal containing filaments in a
of our company's background in ‘standard’ polymer FFF machine can deliver outstanding results. Inset image
mechanical handling and material shows a MicroSD card for scale (Courtesy Sascha Lenze)
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Fig. 2 The Sparkcube polymer printer, a generic CoreXY DIY kit from
Sparklabs, was used for initial trials of metal filament (Courtesy Sascha
Lenze)

“One of the first advantages that
probably catches everyone’s eye
when it comes to metal FFF is
the opportunity to use an existing
everyday polymer printer, which |
suspect is at hand in pretty much
every modern engineering or
design business these days.”

82 PIM INTERNATIONAL = SUMMER 2023

tunities of sinter-based metal and
ceramic FFF using filaments manu-
factured by Powder Technology and
Additives (PT-A), a small company
from Dresden, in the eastern part of
Germany.

Still starry-eyed enough when it
came to the complexity of the whole
metal FFF procedure, | gave them
a call, and after an hour (or so) of
talking to Dr Karsten Pischang about
his materials and the potential of the
procedure, we were happy to order a
1 kg spool of 1.75 mm diameter 316L
filament for some initial testing. With
hindsight, one could mention that
filaments of 2.85 mm diameter would
probably have been a better choice
because the highly-filled materials
tend to break easily. However, our
intention was to use the existing FFF
machine we usually print polymers
on (and, as an aside, this hypothesis
did not play out anyway.) There were,
of course, obstacles, but more on
that later.

First results from metal
filament in an ‘everyday’
printer

One of the first advantages that
probably catches everyone's eye
when it comes to metal FFF is
the opportunity to use an existing
everyday polymer printer, which |
suspect is at hand in pretty much
every modern engineering or design
business these days. In our case, it
was a Sparkcube, a generic CoreXY
DIY kit by Sparklabs, which had
already been around in the workshop
for a few years (Fig. 2). It is made
from printed plastic parts, 2020
aluminium extrusions and (mostly)
open-source hardware and elec-
tronics. All of the components - if
not bought as a kit - could be easily
self-sourced at the 'usual suspects.’
With many years of experience
building such machines from scratch,
my colleague Manfred Groth and |
chose it to give us the most freedom
when it came to modifications for
the specific demands of a process
or application. The machine was
equipped with a single printhead,
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a brass nozzle fitted V6 All-Metal
HotEnd" manufactured by E3D in the
UK, and a proprietary extruder by
Sparklabs.

After having a hard time removing
concrete-like filament residues
from the hotend repeatedly, we
replaced the extruder with a genuine
Bondtech Dual-Drive BMG type
(which was lying around at home
anyway) and this reduced the risk
of the extruder gears digging into
the filament. Although there was no
noticeable wear on the brass nozzle
after many hours of builds, we
switched to a hardened steel nozzle
later on, primarily because brass
nozzles are known to contain lead,
and we were in fear of contamina-
tion issues on our stainless steel
prints. That said, nickel-plated
nozzles could probably be an option,
depending on the desired material.

After the first few printing steps,
another obstacle arose when we
realised the filament was so brittle
that it was broken easily by the
printhead changing orientation with
a reverse acceleration that was too
high. Because the material always
broke directly on top of the extruder,
it was obvious that the guidance of
the material to the extruder needed
to be improved using a PTFE tube
and, in the same step, move the fila-
ment spool on top of the printer over
the centre of the print bed. There are
some solutions on the market that
add a second gantry for moving the
spool synchronously to the printhead
to overcome this issue, but fixing
the tube directly to the spool holder
gives pretty much the same result at
almost no cost.

Learnings on adhesion and
part removal

Bed adhesion has never been an
issue when staying within the
parameters recommended by the
filament manufacturer, and neither
was warping, unlike the other manu-
facturers’ materials. A well-levelled
and slightly warmed (30°C) borosili-
cate glass bed printing at 40 mm/s
printing speed with a hotend temper-
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ature of approx. 130°C worked pretty
well, but the prints often broke
during removal due to the lack of
flexibility of the glass. The fact they
are approximately the strength of
chocolate does not help much either.
For small parts, a razor blade
works quite well to remove the part
from the bed, but bigger and espe-
cially flat parts have always been a
problem. We tried a broad variety of
print plate materials and there were
some that worked well for most
geometries - PP foil, to name one -
but the real game changer became
apparent as we were playing
around with some BASF Ultrafuse
316L filament, which we received
together with BASF's support layer
material as a sample for testing.
BASF strongly recommends using
Magigoo applied on the glass bed
for an overall better bed adhesion
and prevent the parts from lifting
due to warping of the material. As
a benefit, Magigoo is water-soluble,
and when stored under water for
a while the print self-separates
from the glass. When printing a
so-called ‘raft’ underneath the part,
the process can be accelerated even
further because the surface that
comes in direct contact with the
glass is way smaller with spaces at
regular intervals.

Fig. 3 A benchy built as our trial object by metal FFF (Courtesy Sascha Lenze)

The benchy test

A benchy is probably not what
is typically produced as a trial
object using an industrial Additive
Manufacturing workflow, with mate-
rial and machines typically being
in a well-configured state, and
there is probably no reason to print
one except for the kids at home to
have something to play with (Fig.
3). But those who are familiar with
FFF would certainly agree that a
material having what one may call
‘unknown characteristics' can be a
good starting point to get an overall
impression of its behaviour in virtu-
ally any feasible geometry printed
without supports.

Still, printing at low speeds with
a given 400 ym nozzle diameter and
a 150 um layer height, the surface
quality looked great, probably bene-
fitting from the same optical effect
as carbon or glass fibre-infused
filaments, and the overhangs came
out nicely. The only real drawback
was that bridging [2] did not work
well compared to what one would
expect from polymers, which can
probably be explained by the high
specific weight of the metal-loaded
material in combination with the
low melting temperature of the
binder system.
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After switching from fan cooling
to pressure air cooling by applying
air by tube directly to the build area,
things got better, but the results are
nowhere near to anything we are
used to from polymers. Supports
can be helpful, but, as you can
imagine, they can be difficult to
remove depending on the geometry,
and even harder when done post-
sintering because you are dealing
with stainless steel. Solutions such
as interface layer material, such
as 0, filament from BASF, can be
useful as it enables the user to
remove the metal supports easily by
simply breaking the interface layer.
A significantly better surface quality
on steep overhangs is a good addi-
tional advantage. A printer equipped
with two printheads is, of course,
needed.

The challenge(s) of
sintering

Manufacturing bottlenecks are
something that we all have to come
to terms with at some point. With
some finished builds in our hands
and an awareness of the maturity
of the MIM process giving us some
confidence that all would be okay,
we did not expect to have quite so
many difficulties finding a sintering
services provider. Well, we learned
the hard way and, to put it mildly,
the delay was more like a cork in a
bottle.

Along with having a hard time
finding someone who would agree to
sinter, the sintering furnaces often
used for ‘toll-sintering’ are sized
mostly for small batches of up to a
thousand or more small MIM parts
and, therefore, are way too big to
process a batch of only a handful of
parts for an acceptable cost. On the
other hand, the option of putting our
parts ‘'somewhere in between’ within
a larger sintering run is no solu-
tion either, because the sintering
provider would go crazy on the
diversity of different geometries of
the parts you send them to sinter,
as-sintered parts below. The bottom two images show as-sintered and which would take up too much space
assembled parts (Courtesy Sascha Lenze) in the furnace.
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After searching for a while and
feeling somewhat disillusioned, we
came back to PT-A and were relieved
that they agreed to help us out. We
sent them our small collection of
green parts (Fig. 4 shows a few).
They did the debinding and sent the
brown debound parts to Fraunhofer
IFAM in Dresden to do the sintering,
including some trial parts printed to
one-shell wall thickness only (400
um) and as low as 10% infill, which
was way off the recommended speci-
fications one usually comes across
when it comes to metal FFF.

Putting the results to the
test

A little while later, we received the
results in our mailbox and were
surprised regarding the convincing
quality of the parts. The surface
was smooth and shiny and our first
checks with the X-ray spectrometer,
borrowed from our quality depart-
ment, told us the material met the
expected properties. Because most of
the future builds we were planning
were, at that point in time, products
that would require some level of
post-processing, we used the time
to make some plans about how to
proceed, including grinding, lathing,
drilling and welding as well as
polishing the sintered parts.
Grinding and lathing performed
extremely well on the sintered parts.
The longboard herringbone drive
gear shown in Fig. 5, used in an elec-
trical drive system, was designed
by Manfred as a drop-in replace-
ment for a polyamide part that broke
from time to time due to the motor's
torque being too high when accel-
erating. For TIG-welding a printed
part for conventional production
(Fig. 6), we had some exciting first
results followed by some setbacks
on the next batch of sintered parts,
which later on we could attribute
to sintering atmosphere issues.
Polishing of the parts worked fine as
well (see Fig. 1); however, grinding
too deeply into the material's surface
caused a ‘breakthrough’ of the first
shell. This resulted in an area rich

Fig. 5 A 316L herringbone drive gear, post-processed (Courtesy Sascha Lenze)

Fig. 6 A printed 316L FFF part TIG-welded to a tube (Courtesy
Sascha Lenze)
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Fig. 7 A MUT sintering furnace and Loemi debinding unit (Courtesy Sascha Lenze)

“With long delays due to our still
persistent sintering availability issues,
combined with useless or defective parts
returning from sintering and no real
clue about the root cause of the issues,
we started to ask ourselves whether we
should better stop at this point and forget
about sinter-based metal FFF.”

in small defects being exposed,
which is an issue that is probably
print density-related and needs to be
addressed in the future.

Should we stay or should
we go?

With long delays due to our persis-
tent sintering availability issues,
combined with useless or defective

PIM INTERNATIONAL = SUVMMER 2023

parts returning from sintering and no
real clue about the root cause of the
issues, we started to ask ourselves
whether we should better stop at

this point and forget about sinter-
based metal FFF or continue on the
journey. For Manfred and me, there
was little doubt about the answer -
we consider the procedure well worth
the effort that we had put in over the
years. Fortunately, our management'’s
thinking was in harmony with ours,

so we started making plans for a
dedicated in-house facility, including
a printer, debinding unit and a
sintering furnace.

With positive experiences
regarding the materials as well as
the support offered, we decided to
continue using materials produced
by PT-A. Because the binder system
is dissolved by acetone, we chose
a Loemi semi-automatic debinding
system with integrated solvent
recovery (Fig 7, right). We did not
have much experience when it came
to sintering furnaces, so we had to
rely on the several positive reports
that we received when discussing the
procedure. We wanted to be able to
sinter a wide range of materials, so
maximum flexibility was our focus. In
making our final decision, we chose
a MUT furnace capable of operating
under H, N and Ar (Fig. 7, left).

For a dedicated FFF machine,
we had been in frequent contact
with Christian Reil of CR3D, a small
producer based in Bavaria. The 1433
we finally ordered is an industrial-
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grade dual interchangeable extruder
IDEX printing system based on,
amongst others, Duet3D open-source
hardware and leaves nothing to be
desired when it comes to freedom of
modification (Fig. 8).

The printer arrived at the end of
2022 and since then we have had the
opportunity to print a nice collec-
tion of 316L parts, often using AL,0,
interface layers (Fig. 9). As test parts
we have produced 1 cm?® cubes (when
sintered), which we plan to distribute
evenly in the furnace chamber to
evaluate temperature uniformity.

As a result of producing a lot of
defective green parts when testing of
the printer, we decided to purchase
a cheap filament extrusion system,
including a shredder built by Felfil,
Italy, to experiment with filament
recycling in order to save some
money on the expensive filament.

Loemi delivered the debinding
system at the beginning of the year
and the company was on site for
commissioning a few weeks later.
The machine is built like a tank and,
in addition to its original intended
purpose, we created a ‘non-invasive’
acetone smoothing conversion
kit for ABS and ASA parts that we
sometimes need to smoothen, which
works pretty well with the benefit
that all the acetone is returned in the
process.

A few weeks ago, after postpone-
ments due to problems with the
delivery of electrical components,
our MUT sintering furnace arrived on
site. Sadly, because of some missing
hardware relating to the gas supply,
the commissioning is delayed. So,
unfortunately, | cannot report much
about our sintering journey yet.

The journey from here

For having come such a long way, it
still feels like we have just started
and there is a colourful bouquet of
challenges waiting for us to over-
come in the future. Because we
have - as you may already have
recognised - a less-than-scientific
approach to the procedure, we
started a partnership with Steffen

Fig. 8 The CR3D 1433 industrial-grade, dual interchangeable extruder IDEX FFF
machine (Courtesy Sascha Lenze)

¥t i a
Fig. 9 AlL,O, interface layers on a part built using the CR3D 1433 (Courtesy
Sascha Lenze)
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Fig. 10 One of the more complex parts now being produced (Courtesy Sascha Lenze)

Florian at the FH Munster University
of Applied Sciences to address green
part density and other questions on
the process. So, we will probably
have some answers for those who
have been asking for numbers at
some point in the future.

The company that | work for,
L.B. Bohle Maschinen und Verfahren
GmbH, builds machines and
develops solutions for customers in
the pharmaceutical and metal AM
industries all over the world. Our
portfolio includes vacuum granula-
tors, coaters, powder blenders and
systems for continuous manufac-
turing. With parts of our machines
coming into contact with active
pharmaceutical ingredients or metal
powders, we have a strong focus on
the properties of AM parts in order to
avoid contamination of the products.
Material-specific properties need to
be met, for example, when it comes to
corrosion resistance, density and the
surface quality of builds.

PIM INTERNATIONAL = SUMMER 2023

With a qualified FFF-based metal
AM operation as our final goal,
there is still much to do and there
are many issues that need to be
addressed on our way. So, let's see
how far we can get. If there are
guestions, please let me know. |
am always open to a constructive
debate regarding the procedure.

With the whole process looking
insanely complicated to operate, my
only advice? Don't panic!

Author

Sascha Lenze is a certified
electrical technician, software
developer PLC/HMI and metal FFF
enthusiast with more than ten
years' background in FFF/FDM
polymer AM as a hobbyist as well
as a professional.

S.Lenze@lbbohle.de
www.lbbohle.de

References

[1] www.youtube.com/
watch?v=5PNXb5dptr8

[2] Bridging is a FFF/FDM related
term for the nozzle extruding a
line of material between two parts
of a geometry without supports,
suspending the material in mid-air.
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MIM2023: Industry insights from
the International Conference on
Injection Moulding of Metals,

Ceramics and Carbides

The 2023 International Conference on Injection Moulding of Metals, Ceramics
and Carbides (MIM2023), organised by the Metal Powder Industries Federation
(MPIF)'s Metal Injection Molding Association (MIMA), was held in Costa Mesa,

California, USA, from February 27 to March 1, 2023. As well as being the annual

meeting point of the US MIM community, the event attracts an international
audience and has broadened in scope to include sinter-based Additive
Manufacturing processes. Dr Animesh Bose reviews some highlights from the
MIM2023 technical programme.

The objective of MIM2023 was to
survey the advancements in the
area of injection moulding of metals,
ceramics and carbides and support
the efforts of technology transfer
across different areas of Metal
Injection Moulding (MIM). It also
looked to focus on new develop-
ments that contribute to the growth
of MIM, and keep the community
appraised and updated about other
technologies, primarily sinter-based
Additive Manufacturing, that could
be complementary, but also pose a
threat to MIM in some areas.
Although MIM2023 was organised
as a hybrid event, including both
online and in-person presentations,
the in-person presentations signifi-

cantly outnumbered the virtual ones.

This was an extremely good sign for
the industry, which is rebounding
back to its pre-COVID days with
attendance at the conference
climbing to 138 and participation
from 11 countries. International
participation was still slightly
weaker than expected, but is antici-
pated to bounce back next year.

In addition to the main tech-
nical sessions, the wider event
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also featured the long-established
one-day PIM tutorial, presented for
many years by Prof Randall German
and now by Matt Bulger, former pres-
ident of the MPIF's Metal Injection
Molding Association (MIMA). MIMA
standards committee, board of direc-
tors and members meetings also took
place, as well as short commercial
process and product innovation pres-
entations and a tabletop exhibition.

Megatrends in near-net-
shape manufacturing

MIM2023's opening keynote

was delivered by Diran Apelian,
Distinguished Professor, Materials
Science and Engineering, at the
University of California, Irvine, USA.
This opening keynote presentation
was on an extremely thought-
provoking topic entitled Megatrends

Fig. 1 Delegates at the 2023 International Conference on Injection Moulding
of Metals, Ceramics and Carbides (MIM2023), organised by the Metal Powder
Industries Federation (MPIF)'s Metal Injection Molding Association (MIMA)

(Courtesy Animesh Bose / MPIF)
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Fig. 2 Prof Diran Apelian, Distinguished Professor, Materials Science and
Engineering, University of California, Irvine, delivering the opening keynote

presentation (Courtesy Animesh Bose)

in Near-Net-Shape Manufacturing.
After his initial introduction, Apelian
showed a slide stating ‘CHANGE: It is
the Universal Constant’ which set the
tone for the remainder of his presen-
tation. The presentation was divided
into four broad segments: digitisa-
tion/industry 4.2™/data science;
sustainability, including resource
recovery and decarbonistion; process
innovations; and talentism (not capi-
talism nor socialism).

The presentation touched on the
nine technologies that are reshaping
production (Fig. 3). According to
Prof Apelian, Industry 4.0 was going
to consist of automation, connec-
tion, cloud computing, 0T, big data
and system integration. Automation
and Artificial Intelligence (Al) are
expected to play a key role in the
transformation to Industry 4.0. To
emphasise that point, the presenta-
tion provided an interesting statistic
on the change in stock values of
these companies, compared to the
Dow Jones Industrial Average,
between 2 January 2020 to 4 January
2021. The compiled data showed

NINE TECHNOLOGIES ARE RESHAPING PRODUCTION

" Advanced robots b

=

Additive Manufacturing

Augmented reality =

Horizontal and vertical
system integration

The Industrial Internet
of Things

Cloud computing b
Cybersecurity o
Big data and analytics B

Source: BCG analysis

« Autonomous, cooperating industrial robots, with integrated sensors and standardised
interfaces

» 3D printers, used predominantly to make spare parts and prototypes
Decentralised 3D printing facilities, which reduce transport distances and inventory

Digital enhancement, which facilitates maintenance, logistics and SOPs
Display devices, such as glasses

Network simulation and optimisation, which use real-time data from intelligent
systems

Data integration within and across companies using standard data transfer protocol
Fully integrated value chain (from supplier to customer) and organisation structure (from
management to shop floor)

A network of machines and products
Multidirectional communication among networked objects

The management of huge volumes of data in open systems
Real-time communication for production systems

The management of heightened security risks due to a high level of networking among
intelligent machines, products and systems

The comprehensive evaluation of available data (from CRM, ERP and SCM systems. for
example, as well as from a MES and machines)
* Support for optimised real-time decision making

Note: SOP = standard operating procedure | CRM = customer relationship management | ERP = enterprise resource planning |
SCM = supply chain management | MES = manufacturing execution system

Fig. 3 Nine technologies that are reshaping production (Courtesy Prof Apelian)
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that the Dow Jones had increased

by 5%, but the majority of companies
involved in automation and Al (ten
different companies) had increased
from 20 to 68% over the same period.

It was stated that, “Al and robotics
will transform tasks rather than
make humans obsolete. The impact
of Al and robotics depends on how
we adopt them.” Machine Learning
(ML), which is a branch of Al where
one constructs computer algo-
rithms to mimic tasks commonly
performed by humans, is expected
to play a critical role in the indus-
trial transformation. This statement
has reportedly been supported by
Microsoft's Bill Gates who has stated
that "a breakthrough in ML would be
worth ten Microsofts.” Deep learning,
which is a subset of ML, is creating
large disruptions and has the poten-
tial to keep driving the Al boom. A
schematic of the timeline of Al, ML
and deep learning is shown in Fig. 4.

The drive for sustainability is
directly connected to the growth in
the world's population, which jumped
from 1.6 billion in 1900 to 6.1 billion
in 2000 and 7.8 billion in 2020. This
increase in population, along with
the demands placed on the world's
material resources, has created the
urgent need to focus on sustain-
ability. The areas of materials and
advanced manufacturing will have a
direct impact on energy and climate
change, food and water, housing
(shelter), mobility (transportation,
cyber mobility) and health.

For sustainable development, the
key areas of focus need to be produc-
tion waste, post-consumer waste and
materials for clean energy. The area
of processing innovations is also
intimately tied with sustainability.
Recycling and recovery of materials
(especially rare earth materials used
in batteries) is critical in process
innovations.

An interesting area of process
innovation is gigacasting in the
automotive industry, leading to a
simplification of vehicle structures.
This innovation has the potential to
reduce the number of automotive
parts needed for a car body struc-
ture from 171 to two, and require
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Fig. 5 Die cast machine size range over time (Courtesy Prof Apelian)

1600 fewer welds. To keep up
with the demand for large casting
sizes, the die cast machine size
range has increased dramatically
over time. Prof Apelian pointed
out that LK, the global leader in
hot chamber and cold chamber die
casting machines, has increased
the locking force of its hot
chamber die cast machine cells
from 2000 to 12,000 tonnes since
1970 (Fig. 5).

Another important area that
is tied to process innovations is
the issue of conformal cooling
in casting dies and injection
moulding machines. This requires

improved thermal management
that allows shorter cycle times,
improved mechanical properties,
complicated geometry (thick

and thin sections), uniform die/
tool temperature, and better
temperature control. AM is playing
a key role in this area by allowing
for increased tool complexity with
fewer components and reduced
lead times. Improvements in the
performance of the tools are also
dictated by new materials that can
provide high thermal conductivity,
high-temperature resistance and,
thereby, result in extended tooling
life.
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INDUSTRY 4.2™

THE FUTURE OF WORK
AND THE WORKER

Fig. 6 An illustration of the future of work and the worker and Industry 4.2™ (Courtesy Prof Apelian)

Prof Apelian acknowledged that
talent is a scarce commodity and
he quoted Klaus Schwab from the
World Economic Forum, who stated
that, “in the 4" Industrial Revolution,
it is all about talentism; not capi-
talism nor socialism.” Development
and utilisation of the talent pool will
be the key to the success of the 4%
Industrial Revolution. An illustration
of the dream of Industry 4.2™ and
the future of work and the worker is
shown in Fig. 6.

MIM
Feedstock

Powder, binder, mixing

Debinding

Solvent, thermal

Consolidation
Sintering, furnace

Sinter-based AM
technologies

It is of interest to note that the MIM
conferences organised by MPIF
have, over the past five years, seen
a steady increase in the number of
AM presentations. This trend has
been driven primarily by the simi-
larities in some of the sinter-based
AM processes and Metal Injection
Moulding as well as the ongoing
discussions about whether these

Sinter-based AM

Feedstock
Powder, binder

Debinding

Solvent, thermal

Consolidation
Sintering, furnace

Fig. 7 Schematic of MIM and sinter-based AM processes (Courtesy Animesh

Bose)

PIM INTERNATIONAL = SUMMER 2023

AM technologies are complementary
or a threat to MIM. Recent years
have also witnessed the prolifera-
tion of numerous sinter-based AM
technologies.

It was felt that there was a
need for a presentation discussing
several relevant sinter-based AM
technologies. This was covered in
a presentation by Dr Animesh Bose
(yours truly), formerly with Desktop
Metal and now with Optimus Alloys,
entitled “Review of Some Sinter-
Based Metal AM Technologies.” The
presentation illustrated the simi-
larities and the differences between
the majority of sinter-based AM
processes and MIM, as shown in
Fig. 7.

The differences between single-
step and multi-step processes, as
outlined by ISO/ASTM 52900:2015,
were discussed. It was pointed out
that almost all the sinter-based AM
processes were multi-step processes,
where the parts are fabricated in two
or more distinctly different opera-
tions. The first operation typically
produces the basic geometry of the
part and the subsequent step(s)
results in the consolidation of the
part to achieve the final properties
(dependent on the desired material)
of the part.

The presentation covered the
broad technologies of Material
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Extrusion (MEX)-based processes,
where the material is selectively
dispensed through a nozzle or orifice.
The material being extruded can
become the final part itself, as in the
case of pure polymer extrusion or hot
extruding a metallic wire or polymer
loaded with metal powder to form the
final part.

Contrastingly, a MIM-type of feed-
stock, where metal powder is mixed
with organic binders to form a feed-
stock, is extruded through a nozzle
to build a geometric shape that is
subsequently subjected to debinding
and a consolidation step to result
in the final part. This multi-step
process has similarities with the MIM
process, except for the geometric
shaping, which is accomplished by a
build process, or printing, instead of
moulding.

Several processing techniques
based on the MEX process, developed
by different companies, were
discussed and some applications
were highlighted. Various commercial
solutions based on the principle of
MEX, including those using feedstock
in the form of a filament or rod
(Desktop Metal, MarkForged) and
pellet-based extrusion processes
(Pollen and AIM 3D), as well as
extrusion of gel-based and paste-

based feedstocks, were touched upon.

Another major process that was
covered was Vat Photopolymerisation
(VPP), which is based on photopoly-
merisation of a metal or ceramic
containing slurry using a digital
light engine. Some of the processes
that have evolved based on this
technology by different companies
include Lithoz, Incus, Holo, Trio Labs
and Tethon 3D.

Another interesting set of solu-
tions that were covered include
hybrid processes that combine addi-
tive and subtractive technologies to
produce the final product. Some of
the companies that are using these
hybrid technologies include 3DEO,
Mantle and Tritone (MoldJet). The
presentation also discussed some of
the other sinter-based AM processes,
such as screen printing, Cold Metal
Fusion and Nanoparticle Jetting.

A major part of the presentation

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

Fig. 8 Two different arrangements for the layout of three different parts. The
image on the top shows a single layer stacking of three different parts in a
build box, whereas the picture on the bottom shows the optimised packing of
the same three parts for the complete build box (Courtesy Desktop Metal)

was based on Binder Jetting (BJT)
technology, which has gained the
best traction among all the sinter-
based AM processes thanks to its
promise of high-volume production
capability at a low cost. The
presentation pointed out that some of
the technologies are complementary
to MIM, supporting MIM companies

in terms of quick tooling and even

rapid prototyping of actual metal
parts. However, it was pointed out
that some processes, such as BJT,
can also pose competition to MIM
due to their ability to fabricate parts
with high productivity and without the
requirement of any tooling.

Fig. 8 shows the packing of
different parts in a Desktop Metal BJT
process. The picture on the top shows

“A major part of the presentation
was based on Binder Jetting (BJT)
technology, which has gained the best
traction among all the sinter-based
AM processes thanks to its promise of
high-volume production capability at a
low cost.”
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PC
(polycarbonate)
overmould of a
machined
stainless steel
component.

Button cap is
shown
assembled with
the button body

Fig. 9 The current legacy overmoulded button assembly (Courtesy Gaetano Mariella, PTI Tech Inc.)

a single-layer stacking of three
different parts (housing, valve body
and brackets) in a build box, whereas
the picture on the bottom shows the
optimised packing of the same three
parts for the complete build box.

A MIM design challenge:
316L elevator button body

The current scenario, where AM can
be complementary to MIM, was very
well covered in the presentation by
Gaetano Mariella of PTI Tech Inc.,
New Jersey, USA. In his presenta-
tion entitled ‘Utilizing Metal Injection
Molding and AM Binder Jetting in the
Production of a 316L Industrial Part’,

Before flexing

Gaetano detailed a case study that
was initiated due to COVID-19. PTI
was approached by a major elevator
company to solve a problem with
their current elevator button panels.
As can be imagined, these elevator
button panels are high-touch areas
by the public. Due to the COVID-19
pandemic, these button panels
were subject to the widespread and
increased use of chemical disinfect-
ants to limit the spread of the virus.
However, this increased use of
various solvents and disinfectants
was rapidly degrading the current
legacy multi-part elevator button
assemblies. Fig. 9 shows a picture
of the current legacy overmoulded
button assembly.

The design challenge faced by
PTI was to consolidate the button
assembly design and eliminate the
polymer overmould. The designing
and engineering of flexing retaining
tabs and assembly threads in an
all-MIM 316L button body design was
challenging. Over and above that,
the retaining tabs needed to be thin
enough (~0.030") to flex them by
hand yet retain their shape without
cracking.

However, the primary reason
for incorporating AM was the tight
timeline for project completion. PTI
needed a rapid prototype technology
that could manufacture production-
representative parts that could
then dovetail into large-volume

After flexing

Fig. 10 The results of button body tab flexing (Courtesy Gaetano Mariella, PTI Tech Inc.)
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Fig. 11 The BJT button body as-sintered (top left) and machined (top right). The BJT button cap as-sintered (bottom
left) and machined (bottom right) (Courtesy Gaetano Mariella, PTI Tech Inc.)

MIM production. Binder Jetting of
316L was used to solve the issues.
Various iterations of the button
body and the button cap were fabri-
cated to test: a) various retaining
tab cross sections; b) sintered
dimensional control; ¢) machined
surface finish; and d) final assembly
design. For example, Fig. 10 shows
the results of button body tab
flexing, which was possible due to
the thin tab made from 316L. All the
tests, including the flexing, were
completed without hard tooling

and the finished prototype parts
were successfully delivered to the
customer before any tool steel for a
mould was cut.

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

Fig. 11 shows the AM button
body and the button cap in both the
as-sintered and machined conditions.
The rapid prototyping using the BJT
process was the key to the success
of the project. Once the design and
properties were achieved (that satis-
fied the customer), attention was
focused on MIM for high-volume
production of the actual components.

Multi-cavity hard MIM tooling
was designed and manufactured by
PTI using novel gating techniques,
as well as novel techniques that
were developed to release and eject
the complex component geometry.
Custom sintering setters were devel-
oped to ensure the perpendicularity

of extended thin retaining tabs while
maintaining the flatness and concen-
tricity of the button body.

The initial time and cost savings
were significant when using the
Binder Jetting process for proto-
typing. In addition, the process
dovetailed very well with the MIM
production process. The result was
a cost-effective all-stainless steel
industrial button assembly imper-
vious to solvent and disinfectant
chemicals while maintaining the
same design as the mating electrical
panel assembly.

This presentation highlighted
a case where a sinter-based AM
process was successfully used as the
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Densest natural crystalline packing UL maximally random jammed packing

Densest crystalline (¢=0.796) binary sphere Densest disordered (¢=0.785) binary sphere
packing at 5:1 size ratio’ packing at 5:1 size ratio’

Fig. 12 Schematic of the densest natural crystalline packing of binary spheres (left) and the UL maximally random
jammed packing, both using a powder size ratio of 5:1 (Courtesy Uniformity Labs)

Non-uniform particle distribution Particles spread densely and
66% dense in moulded part uniformly in moulded part

66% dense - 75% dense

‘v'

Fig. 13 Schematic of non-uniform particle distribution in moulded parts (left) and a 75% dense loading, where the
particles are spread uniformly and maintain the same high density (right) (Courtesy Uniformity Labs)

perfect rapid prototyping method to Uniform High Density Multimodal a powder size ratio of b:1. It can be

establish the form, fit and function of  Stainless Steel Powders in Metal seen that the UL powder can attain

the intended part, which was subse- Injection Molding." This presentation a packing density that is almost the

quently transitioned to high volume, highlighted the benefits of designed same as the densest natural crystal-

near-net-shaped MIM components multimodal powders to attain higher line packing.

that were finally machined to yield solids loading in MIM feedstocks. Fig. 13 shows a schematic

the desired parts. The presentation highlighted the comparing a non-uniform particle
ability of UL powders to attain high distribution in moulded parts (left)

. . relative densities, approaching that to a 75% dense loading where the
ngh'den5|ty pOWderS by of the densest crystalline particle particles are spread uniformly and
Uniformity Labs packings, while retaining their ability ~ maintain the same high density

to flow without phase separation. (right). Earlier investigations by UL
Another interesting presentation from  Fig. 12 shows a schematic of the showed the benefits of its multimodal,
Uniformity Labs (UL), California, USA,  densest natural crystalline packing of  highly packed powder in Binder
was given by Dr Joseph Schramm, binary spheres and the UL maximally  Jetting and whether these benefits
entitled 'Performance of Highly random jammed packing, both using could be translated to MIM.
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This work was done in collabora-
tion with US MIM producer OptiMIM,
based in Wilsonville, Oregon. UL
17-4 PH powders with a high tapped
powder density (minimum -5.60 g/
cm? maximum -5.92 g/cm?) were
converted into feedstock with loadings
ranging from 71 to 77 vol.% (less than
4% binder by mass). The feedstocks
were moulded into tensile bars and it
was determined that all the loadings
were mouldable without requiring any
equipment modification.

Fig. 14 shows the variation in
the sintered densities of MIM bars
with different feedstock loadings.

It is interesting to note that the
moulded bars achieve a very high
sintered density as feedstock loading
approaches the tapped density of the
powder. This property then translates
into lower shrinkage of the MIM bars
at higher loadings, which is possible
using the UL powder. Typically, lower
shrinkage leads to lower distortion.
Thus, UL powders of high tap densi-
ties can be beneficial to the MIM
industry.

Solvents used in debinding

A topic that often does not get the
coverage that it deserves is that of
the solvents used in debinding. This
topic was covered in detail by David A
Ferguson of MicroCare, LLC. His pres-
entation entitled ‘Solvent Debinding
Series: Update: Comparing Overall
Efficiency of Various Solvent Mixtures'
discussed the current trends in
solvent use and showed lab experi-
ments of different solvents. During
the presentation, David pointed out
the issues with some of the popular
solvents, as outlined below:

* Heptane and hexane: flammable;
require drying time due to their
high boiling point

* Water: limited to water-soluble
binders only

+ Chlorinated solvents: toxicity/
environmental hazards

* Trichloroethylene: EPA deemed
“unreasonable risk as a solvent in
liquid degreaser/cleaner” (NPRM
- Q12023)

7.75

7.7

7.65

7.6

7.55 X
75 MPIF 35 Minimum

7.45 %

Sintered density, g/cm?

7.4

Tapped Density of UL Powder

7.35

7.3
70% 71% 72% 73% 74% 75% 76% 77% 78%

Feedstock loading, vol.%

Fig. 14 Results of the sintered density of MIM feedstocks moulded into bars
with different feedstock loadings. It is interesting to note that the moulded
bars achieve very high sintered density as feedstock loading approaches the
tapped density of the powder (Courtesy Uniformity Labs)

Boiling Flash Surf?ce Global wa!'mlng
Blend ID - oint tension potential

P P (dyn/cm) (100 year)
Perchloroethylene 121°C None 32 N/A
n-Propyl Bromide 71°C None 26 16
Heptane 98°C 2570 20 3
Azeotrope 85 48°C None 20 47
Azeotrope 92 47°C None 21 10

Table 1 Solvent properties. Five representative solvents were chosen to
address each type of fluid. The azeotropes are made up of blends of different
solvents (azeotrope 85: 85% trans-dichloroethylene, 15% hydrofluoroether;
azeotrope 92: 92% trans-dichloroethylene, 8% hydrofluorocarbon/hydrofluoro
olefin blend) (Courtesy MicroCare, LLC)

“It is interesting to note that the
moulded bars achieve a very high
sintered density as feedstock loading
approaches the tapped density of the
powder. This property then translates
into lower shrinkage of the MIM bars at
higher loadings, which is possible using
the UL powder.”
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Debinding comparison of MIM parts in common solvents

0
9
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= Perc change %
= Heptane change %

nPB change % = Tergo MCF change %
= Novec 73DE change %

Fig. 15 A comparison of the percentage of binder removed by different
solvents (Courtesy MicroCare, LLC)

Drying time of saturated MIM parts at 70°C
12.34
12.24
12.14

12.04

Mass (g)

11.94

11.84

* Perchloroethylene: EPA deemed
“unreasonable risk as a solvent
for open-top batch vapor
degreaser” (NPRM - Q1 2023)

N-propyl bromide: toxicity/envi-
ronmental hazard EPA deemed
“unreasonable risk as a solvent
for cleaning and degreasing in
vapor degreaser” (NPRM - Q1
2023)

Fluorinated mixtures: non-flam-
mable, lower surface tension,
faster drying time.

Laboratory experiments were
carried out and five solvents were
chosen. The solvent properties are
outlined in Table 1 (Note: Tergo MCF
is azeotrope 92 and Novec 73DE
is azeotrope 85). A comparison of
the amount of binder removed by
different solvents is shown in Fig.
15. The time that it takes for the
solvents to be removed at ambient
temperature is also an important
factor (Fig. 16). The overall debinding
process efficiencies for different
solvents are shown in Table 2. The
presentation concluded with the
following summary:

Heptane

This had the fastest debinding

time with an average of 0.7 h/cm?,
Heptane also had the fastest overall

P

processing time for debinding and

=

heated drying with a requirement of

11.74
1 2 3 4 5 6 7 8 9 10 11 12 13 3
05 15°25 35 45 55 65 7.5 85 9.5 10.511.512.5 13,5 0-80/cm’ Flammable liquid requires
special equipment; not a significant
Hours -
toxicity hazard.
~+—-Perc —#-nPB -+ Heptane -+ Novec 73DE -+ Tergo MCF

Fig. 16 Comparison of drying times for different solvents at 70°C (Courtesy

MicroCare, LLC)

Azeotrope 92 (Tergo MCF)
This offered the fastest overall
processing time for debinding and

Total processing Total processing

Blend ID Deblndl.ng Hime Drying tm.le at Drying tm.1e at time with ambient time with heated
(min) 21°C (min) 50°C (min) . .
drying drying
Perc 240 1440 60 28 h 5h
nPB 240 450 35 11.5h 4.6 h
Heptane 120 720 35 14 h 2.6 h
Azeotrope 85 360 660 30 17 h 65h
Azeotrope 92 240 360 20 10 h 4.3 h

Table 2 Overall debinding process efficiency for different solvents (Courtesy MicroCare, LLC)
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ambient drying with a requirement
of 3.3 h/cm?. This azeotrope also had
the second fastest overall processing
time for debinding with heated
drying displaying an average rate

of 1.4 h/cm?. Non-flammable liquid
can be used in open-top or vacuum
equipment; not a significant toxicity
hazard.

N-propyl bromide

This had similar results to Tergo
MCF. Non-flammable liquid can be
used in open-top or vacuum equip-
ment. The toxicity concerns with this
include carcinogenicity, as a result
the solvent is facing regulatory
action and phase-out.

The Hammer Lab35 metal
AM solution from Incus

One sinter-based AM process that
has the potential to compete with
MIM is Incus's process based on Vat
Photopolymerisation. A presenta-
tion of this process was given by Dr
Gyorgy Harakaly of Incus, Austria,
entitled Lithography-based Metal
Manufacturing. His paper outlined
the advantages of this process
including the ability to produce
complex green parts in a small- to
medium-size range (1-200 g compo-
nent mass), the highest resolution
and surface aesthetics of metal AM
processes, a wide range of materials
with the possibility of processing
non-flowable and non-weldable mate-
rials, a simple production process
with easy preparation of printing jobs
and quick exchange of materials, and
safe working environment with no
metal dust or high-power laser.

The presentation discussed
the company's lab scale machine
that is currently on the market
(Hammer Lab35) and mentioned their
next production machine, known
as Hammer Pro, which will have
more than six times the build area
compared to the lab version. This will
enable the production of larger parts
as well as parts in higher production
volumes at a lower cost. Some of the
details of the lab-size machine are
shown in Table 3.

VOL. 17 NO. 2 ® 2023 INOVAR COMMUNICATIONS LTD

Building volume (X,Y,Z)

89.6 x b6 x 120 mm

Lateral resolution

35 um

Resolution Z

5-100 um

Slice thickness

10-100 pm

Number of pixels (X,Y)

2560 x 1600 px

Build speed

Up to 250 slices/h
Up to 100 cm3/h

Table 3 The Hammer Lab35 printer from Incus: a desktop plug-and-produce
network solution designed for material testing and small to mid-scale

production (Courtesy Incus)
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Fig. 17 Schematic of the process flow for the Incus process (Courtesy Incus)
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Fig. 18 Schematic details of the working of the lithography-based Incus AM

machine (Courtesy Incus)

The as-sintered surface roughness
of the process is around 2.17 um Ra,
which can be reduced to 0.067 um
with surface treatment. A schematic
of the overall Incus lithography-
based metal manufacturing process
steps is shown in Fig. 17 and the
detailed printing step is shown in
Fig. 18. The process is capable of
high-volume production and better
surface finish compared to most AM
processes.

Final remarks

This review covers only a small
section of the many interesting
presentations that added tremen-
dous value to the conference. It
was difficult to pick and choose
the papers to include in this report
and many presentations that could
not be covered for lack of space
were also extremely insightful.
The tabletop exhibition was mostly
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packed and the exchange of ideas and
networking was ongoing.

The short ‘commercial’ presenta-
tions by various companies were
also informative and of great value
to people who may not have been
familiar with the different products
they offered. Even though MPIF
organised this event in a hybrid
format, there were only a handful
of virtual presentations but attend-
ance was reasonable for these digital
talks.

Hopefully, future conferences
will be able to do away with the
hybrid format. Overall, it was heart-
ening to see the enthusiasm and the
excitement among the attendees as,
hopefully, the world is looking at
COVID-19 in the rear-view mirror.

Author

Dr Animesh Bose
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abose@optimusalloys.com
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Fig. 19 Top: James Adams, Executive Director/CEOQ, MPIF (right), with Prof
Randall German. Middle: the reception hosted by Arburg USA. Lower: S K Tam,
- Powder Matrix Forming Technologies LLC, at the MIM2023 table-top exhibit
(Courtesy Animesh Bose / MPIF)
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Arburg’s Action Plan: Energy

Greening MIM: How Arburg
is supporting energy and cost
reductions in injection moulding

facilities

Arburg GmbH + Co KG, Lossburg, Germany, a pioneer in the use of

| sustainable energy in its own operations, is now leveraging that expertise
to support its customers in their mission to reduce energy consumption
and improve the sustainability of injection moulding operations. Here,
the company reports on its ‘Action Plan: Energy’, launched earlier this
year, which has the specific goal of identifying and implementing a broad
range of energy- and cost-saving opportunities.

Anyone who has been on a tour

of Arburg’s Lossburg facility in
Germany will know that energy effi-
ciency has always been one of the
company'’s guiding principles. With
recent price increases, the impor-
tance of energy has rapidly escalated
throughout Europe and worldwide.
This is, in part, why Arburg launched
its ‘Action Plan: Energy’ in March
this year, with a view to support its
customers in maximising the energy
efficiency of their injection moulding
operations.

The plan is based on initial indi-
vidual energy consultations as well
as an energy survey which gathers
data from a customer’s premises.
The resulting analysis highlights
many options for optimising energy
requirements throughout the produc-
tion process, thereby significantly
reducing costs in injection moulding
production.

Gerard Bohm, Managing Director
Sales and Service at Arburg, stated,
“The importance of energy costs
increased at lightning speed in the
injection moulding sector in 2022. We
have responded to this with a profes-
sional action plan. The history of our

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

company and our current activities
show that we are great at saving
energy, both in terms of our prod-
ucts and our in-house production.
We allow our customers worldwide
to benefit fully from this knowledge.
With our in-depth expertise, machine
upgrades and digital services, we
support injection moulding plants
and make them strong and resilient
with regard to energy efficiency.”

Arburg’s energy action plan

After an initial video conference,
Arburg’'s experts go to a customer’s
premises, where they follow a five-
step plan (Fig. 2). The first step is to
determine energy requirements and
consumption in a real production
environment. For example, potential
‘energy guzzlers' can be revealed by
measuring power and compressed air

Fig. 1 Energy efficiency was an important theme of the Arburg Anniversary
Days 2023 and the ‘Action Plan: Energy’ generated a high level of interest

(Courtesy Arburg)
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leakages (Fig. 3). The measurement
data are used for subsequent advice
Start: energy measurement on process optimisation directly at

Kick-Off ————
_ the machine (Fig. 4). This is followed
by new measurements to evaluate

Machine the success of these processes. In
g- step 2, the machine fleet is classified,
Prozess % and individual retrofits are consid-
%l_ ered. Step 3 comprises of process
e = ahd cy;le time‘ optimisations with the
Finalisation: aim QfA increasing oquut and reducing
1) Feedback discussion Peri- specific energy requirements. In
2) Final report pigne steps 4 and 5, the experts deal with

End: energy measurement , o
the 'dos and don'ts’ of moulds and

peripheral equipment.

At the end of the action plan, there
is a detailed consultation and a final
discussion with the customer. The
customer is given a list of meas-
ures with all of the information and
specific recommendations on suit-
able retrofits and digital solutions, as
well as the use of possible subsidies,
dependent on the region. Arburg can
also provide documented and trace-
able consumption measurements
for new machines for businesses
that require detailed energy data for
certification. This service has three
components:

Fig. 2 Arburg's comprehensive energy advice follows a 5-step plan based on
energy measurements in a real production environment at the customer’s
premises (Courtesy Arburg)

Basic

A measurement of the energy
requirement during the operating
phase of the Arburg injection
moulding machine and robotic
system.

Extended
The energy requirement during
Fig. 3 Measurements of power and compressed air leakages reveal energy the start-up and cooling phases,
guzzlers (Courtesy Arburg) including peripheral devices, is deter-
mined in addition to the operating
phase.
“At the end of the action plan, there Complete
) ; ) Additional measurements of water
is a detailed consultation and a final and compressed air consumption,
discussion with the customer. The row rate and cooling capacity are
customer is given a list of measures
with all the information and specific How upgrades and retrofits
recommendations on suitable retrofits can save energy
and digital solutions...” Existing Allrounder injection

moulding machines of all sizes
and series can be retrofitted with
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Fig. 4 As part of the ‘Action Plan: Energy’, Arburg’s experts determine the energy requirements of injection moulding
production at the customer'’s premises. This measurement data forms the basis for intensive consultation and an
individual list of measures (Courtesy Arburg)

upgrades to optimise their energy
usage. Depending on the application,
fully insulating the cylinder may be
worthwhile (Fig. 5) in order to ensure
that process heat losses are mini-
mised, as well as improving heating
speed. With this measure, the energy
requirement in relation to heating
energy can be reduced by up to 40%,
depending on the process.

Machines made in 2011 or earlier
(with IE1 and older motors) can
benefit from an upgrade to energy-
efficient air- and water-cooled IE3
motors. This can result in an energy
saving of up to 10%, which means
a return on investment (ROI) of
only one and a half to two years,
depending on the machine.

Newer Allrounders can be retro-
fitted with the Arburg Energy Saving
system (AES) to reduce production
costs. Assuming a cycle time of 50
seconds and 6,000 hours of produc-
tion per year, a hydraulic Allrounder
270 S can save around €4,800 with
electricity costs of £€0.40 per kilowatt

Fig. 5 Energy-optimised by retrofit: full insulation of the cylinder can reduce
the energy requirement by up to 40% (Courtesy Arburg)
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Fig. 6 The 'aXw Control EnergyAssist’ function in the Gestica controller reduces power consumption and power peaks
during heat-up. The result is a reduction in energy requirements of up to 30% (Courtesy Arburg)

hour, for example. In general, the
payback period for an investment
of this kind depends on the energy
costs, machine, and process.

The Gestica machine controller
actively supports the operator,
including when it comes to energy
optimisation. The assistance function
‘aXw Control EnergyAssist’ brings
together all the essential functions
for the heating zones of the plasti-
cising cylinder and the mould hot

runner, for example, and ensures that
all heating zones are switched on and
off in an optimised manner. This can
reduce the energy requirement in the
heating phase by up to 30% (Fig. 6).

Built for energy-efficiency:
the new Allrounder 470 H

Arburg has shown what an energy-
optimised injection moulding machine

Fig. 7 The hybrid Allrounder 470 H milestone machine sets the stage for a
new type of machine technology that is particularly good at saving energy
and conserving resources, and is efficient in production, user-friendly and

reliable (Courtesy Arburg)

PIM INTERNATIONAL = SUMMER 2023

looks like with the Allrounder 470 H
(Fig. 7). "When designing the hybrid
Allrounder 470 H, we made signifi-
cant advances to our tried-and-tested
technology in order to optimise the
energy footprint and reduce cycle
times,” explained Guido Frohnhaus,
Managing Director of Technology &
Engineering at Arburg.

“There are many technical innova-
tions in the new machine generation
that are only available from Arburg”.
These innovations include its new
oil management system, flow split-
ting for simultaneous movements of
hydraulic secondary axes, and the
extended use of the Arburg servo
hydraulic system. The new machine
saves energy, CONserves resources, is
efficient in production, user-friendly,
and reliable.

This is ultimately made possible
thanks to the combination of the
electric clamping unit and hydraulic
injection unit. The electric drives
reduce the energy requirement and
thus the operating costs and carbon
footprint, while the high-quality
hydraulic injection unit lowers the
purchase costs whilst being very
robust.

A comparison of the hybrid
Allrounder 470 H machine with
similar capacity hydraulic machines
results in figures that suggest a 50%
smaller overall energy footprint,
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a CO, reduction of up to 12,000 kg
per year, a 35% reduction in the oil
required (preheated by waste heat),
and 50-70% reduction in the cooling
water required.

Accessing and visualising
energy data

Access to the right data can help
make production processes more
energy efficient and create transpar-
ency. The arburgXworld customer
portal plays an important role in this
regards. A new feature within the
MachineCenter app is that of energy
labels in which each Allrounder is
assigned to one of three energy
efficiency classes. In addition, its
carbon footprint is displayed from
the creation phase to delivery to the
customer.

Depending on the machine, the
customer portal also provides
tailored suggestions for energy
optimisation, for example through
retrofits. The new equipment compar-
ison option helps users quickly and
efficiently find the best Allrounder
for their current injection moulding
process during production planning.
Another tried-and-tested tool for
determining the most efficient solu-
tion is the Arburg cost effectiveness
calculator, which uses important
parameters to compare the various
options and determine unit costs and
the payback period, for example.

The host computer system, ALS,
also makes a significant contribu-
tion to increasing the production and
energy efficiency of machines and
systems. Arburg’'s proprietary manu-
facturing execution system (MES)
allows users to digitally plan and
control their entire parts production
process and track all relevant infor-
mation. Mobile ALS functions enable
resource-saving paperless produc-
tion and energy requirements can be
visualised and evaluated via ALS (Fig.
8). In the information and machine
terminal, the total energy require-
ment of the current job, the energy
requirement per 15 minutes or the
average output per 15 minutes can be
displayed.

VOL. 17 NO. 2 2023 INOVAR COMMUNICATIONS LTD

Fig. 8 With the mobile ALS functions, users can always keep an eye on

production, and its energy requirements can also be visualised and evaluated

(Courtesy Arburg)

Conclusion

Energy consulting, as part of a
professional action plan, forms an
important new component of Arburg's
portfolio of services. Customers can
benefit from this in a very tangible
way, especially in times of scarce
resources and high energy costs,
with on-site energy measurements
and in-depth advice identifying
specific areas for action.

The subsequent implementation
of individual measures in a manu-
facturing plant, adjustments to the
machines, and the use of digital
features and supplementary training
courses opens up enormous potential
that can significantly reduce energy
requirements and, therefore, costs.

Contact

Arburg GmbH + Co KG
72286 Lossburg
Germany
www.arburg.com

Further information on Arburg’s
‘Action Plan: Energy’ can made by
contacting energy@arburg.com.
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Z Fraunhofer

IFAM

13. - 14. September 2023, Bremen

4. Workshop

»Sinter-based Additive I\/Ianufacturlng«

Join the event and meet international key players from
industry and R&D who will provide insight into the latest
advancements and industrial implementation of sinter-
based AM technologies.

Final program now available at:

www.ifam.fraunhofer.de/sinter-based-AM
shortcut to registration
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PIM International is dedicated to driving awareness
and development of the MIM, CIM and sinter-based
AM industries and their related technologies. Key to
this aim is our support of a range of international
partner conferences. View our complete events listing
on www.pim-international.com

ImplementAM 2023 - Boston
June 22, 2023

Boston, MA, USA
www.implement-am.com

MAPP Second International Conference
June 28-29, 2023

Sheffield, UK

www.mapp.ac.uk/events/
mapp-2nd-international-conference

AM Forum Berlin 2023
July 4-5, 2023

Berlin, Germany
www.am-forum.de

EPMA Powder Metallurgy Summer School
July 17-21, 2023

Dresden, Germany
www.summerschool.epma.com

ImplementAM 2023 - Denver
July 20, 2023

Denver, CO, USA
www.implement-am.com

Formnext forum Austin
August 28-30, 2023
Austin, TX, USA
www.formnextforum.com

Formnext + PM South China
August 29-31, 2023
Shenzhen, China
www.formnext-pm.com

Event listings and
media partners

If you would like to see your CIM, MIM or sinter-based AM
related event listed in this magazine and on our websites,
please contact Merryl Le Roux:

merryl@inovar-communications.com
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4™ Workshop on Sinter-based Additive
Manufacturing

September 13-14, 2023

Bremen, Germany
www.ifam.fraunhofer.de/sinter-based-AM

AMS]| - AM2023
September 13-15, 2023
Bengaluru, India
WWW.amsi.org.in

EMO Hannover 2023
September 18-23, 2023
Hannover, Germany
www.deutschemesse.co.uk/emo

ReAM 2023

September 25-27, 2023
Dubai, United Arab Emirates
www.ream3d.com

Formnext Forum Tokyo 2023
September 28-29, 2023
Tokyo, Japan
www.formnextforum.jp

Euro PM2023

October 1-4, 2023
Lisbon, Portugal
www.europm2023.com

ASMET - Metal Additive Manufacturing Conference
October 17-19, 2023

Vienna, Austria

www.mamc.at

Formnext

November 7-10, 2023
Frankfurt, Germany
www.formnext.com

ASEAN Ceramics 2023
November 28-30, 2023
Hanoi, Vietnam
WWw.aseanceramics.com

PowderMet2024 / AMPM2024

June 16-19, 2024

Pittsburgh, PA, USA

www.powdermet2024.org / www.ampm?2024.0rg

World PM2024
October 13-17, 2024
Yokohama, Japan
www.worldpm2024.com
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