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Cover image  
Polymer Technologies Inc. received 
a 2013 MPIF Award for this stainless 
steel shuttle used in a surgical 
stapling device (Courtesy MPIF) 

Celebrating ten years 
reporting on the 
PIM industry
Welcome to this tenth anniversary issue of Powder Injection 
Moulding International. It is hard to believe that it is a decade 
since the team at Inovar Communications was preparing for the 
launch of its first magazine.

Optimism and enthusiasm about MIM and CIM technology made 
up for our limited magazine publishing experience and in 2006 we 
worked hard to build support for this new venture. It was without 
doubt the appointment of our original four Consulting Editors that 
helped open so many doors to us as we undertook this task. Many 
thanks therefore go to Prof Rand German, Dr Yoshiyuki Kato, 
Prof Dr Frank Petzoldt and Bernard Williams.

We also are indebted to the many contributors and promoters 
of PIM International over the past decade, in particular Dr David 
Whittaker, Dr Georg Schlieper and Xiao Yulin. 

Special thanks also go to the advertisers, in particular those 
in our early issues who accepted us at our word and gave us, 
through their support, the revenue to get the venture off the 
ground. 

We now look forward to our second decade with as much 
enthusiasm as we did the first. Our aim has always been to both 
report on the PIM industry and to promote it to the wider world. 
We look forward to continuing this mission in collaboration with 
PIM part producers, suppliers, researchers and the invaluable 
collaboration that we enjoy with national and regional trade 
associations.

Nick, Paul, Jon, Hugo and Jo
Inovar Communications Ltd

• At RYER, all our feedstocks are manufactured to the highest level of quality, 
with excellent batch-to-batch repeatability.

• RYER is the ONLY commercially available feedstock manufacturer to offer 
all five debind methods. 

• RYER offers the largest material selections of any commercially available 
feedstock manufacturer.

• RYER offers technical support for feedstock selection, injection molding, 
debinding and sintering.

www.ryerinc.com

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

• Water Debind

• Custom scale-up factors 
available

• Large selection of available 
materials

• A direct replacement for all 
current commercially available 
catalytic debind feedstocks

• Improved flow

• Stronger green and brown 
parts 

• More materials available

• Better surface finish

• Custom scale-up factors 
available

• Faster cycle times

• 65°C / 150°F mold 
temperature

CataMIM®

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

• Hundreds of materials 
available

• Custom scale-up factors 
available

SolvMIM®

AquaMIM®

CataMIM® the next 
generation of 
MIM/PIM Feedstocks

2016 September Ryer ad.indd   6 15-Sep-16   10:01:51 AM

http://www.pim-international.com
http://www.ryerinc.com
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From concept through design and development, to prototypes and, finally, mass 
production, ARCMIM utilizes advanced manufacturing technologies to provide full-service, 
quality solutions with accelerated timelines. 

As a full-service MIM provider, ARCMIM offers its customers the convenience, efficiency, quality 
and cost advantages inherent with a one-source partner.  As a MIM veteran – and technology 
leader – ARCMIM ensures the precision, ingenuity, product efficacy and superior quality necessary 
in today’s competitive marketplace.  We support and provide our customers with:

> Metal injection molding

> Plastic injection molding

> Magnesium injection molding

> Medical cleanroom molding

> 3D printing in metal and plastic

> State-of-the-art tool center

> Custom hermetic seals, flanges and fittings

> World-class facilities in USA and Europe

Discover the ARCMIM Advantage – Contact us today!

Complex precision components.

YOUR ONE-SOURCE for
METAL INJECTION MOLDING
Rapid Prototyping through Mass Production

ISO 9001:2008-Certified
ISO/TS 16949-Certified

AS 9100-Certified
ISO 13485-Certified

www.arcmim.com Contact us today! Europe: +36 35 551 000   United States: 303-833-6000

March 2017
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In this issue
43 Metal Injection Moulding: Building on solid 

foundations in the medical sector   
 The medical sector was one of the first major 

markets for the MIM industry and in recent decades 
it has seen a significant growth in applications. This 
report reviews the continuing development of this 
important sector, with a specific focus on market 
trends, applications and materials, both regionally 
and globally. Industry insight is provided by producers 
from Asia, Europe and North America.  

59 Standards for MIM: Progress to-date and 
future challenges

 As the MIM industry matures, the number of national 
and international standards covering all aspects of 
the technology has steadily increased. Fraunhofer 
IFAM’s Marco Mulser and Prof Dr Frank Petzoldt 
review progress to-date, summarise existing 
standards for MIM technology and consider the 
challenges that lie ahead in order to support the 
growth of new markets and applications.   

69 Cremer Thermoprozessanlagen GmbH: The 
market leader in continuous MIM furnaces 
adds HIP to portfolio

 Cremer Thermoprozessanlagen GmbH has been 
a leading supplier of continuous furnaces for 
Metal Injection Moulding since the 1990s and its 
MIM-Master systems can be found in MIM plants 
around the world. Dr. Georg Schlieper recently visited 
the company at its headquarters in Düren, Germany, 

and met the Managing Director, Ingo Cremer. 
In addition to reviewing the development of the 
company’s MIM furnaces, the latest developments in 
HIP systems specifically for MIM are presented.   

 
75 The influence of process parameters on the 

quality of Metal Injection Moulded parts
  It has long been understood that process parameters 

such as injection speed, holding pressure, mould 
temperature, evacuation of cavity and gate geometry 
have an influence on the final quality of MIM 
parts. Very limited information, however, has been 
published to help understand the impact that these 
influences have. Christian Knöpfle and colleagues 
from Arburg GmbH + Co KG report on a weighting 
of key process parameters in terms of the quality of 
sample test bars by using statistical methods. 

83 WORLD PM2016: PIM widens its appeal 
with novel materials and new applications

  In the third of our reports on PIM papers presented 
at the World PM2016 Congress in Hamburg, 
Germany, October 9-13, Bernard Williams focuses 
on developments in novel materials which will help 
to broaden the appeal and applications for PIM 
technology.  
 

Regular features
5 Industry news

91 Event guide 

92 Advertisers’ index 

http://www.arcmim.com/metal-injection-molding/
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The NEW formulation

Catamold® evo
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(763) 780-8674
 info@dynamicgroup.com 

A LEGACY OF 
PRECISION
SINCE 1977

ISO13485 - ISO9001 Certified 
FDA Registered

Precision Molds
& Molding

Carpenter Technology Corporation, a leading supplier 
of metal powders for Metal Injection Moulding and 
Additive Manufacturing, has announced the execution of 
a definitive asset purchase agreement for the purchase of 
substantially all of the assets and business of Puris LLC, 
a producer of titanium powder for Additive Manufacturing 
and advanced technology applications based in Bruceton 
Mills, West Virginia, for $35 million.

The assets and business to be acquired include Puris’s 
titanium powder operations and business, Additive 
Manufacturing assets, patents and related intellectual 
property. The transaction is subject to customary closing 
conditions and closing is expected to occur during the 
quarter ended March 31, 2017. 

“This acquisition will provide Carpenter with 
immediate entry into the rapidly expanding titanium 
powder market and is consistent with our strategic focus 
on strengthening our leadership position in important 
growth areas,” stated Tony Thene, Carpenter’s President 
& CEO.

“Puris brings industry leading technology and 
processes for the production of titanium powder, Additive 
Manufacturing part production capabilities, a talented 
team, attractive intellectual property and established 
customer relationships. The strengths of Puris, coupled 
with Carpenter’s reputation as an industry leading 
producer of premium alloys and our global commercial 
reach, will allow us to further deliver on the growing 
needs of our customers,” added Thene.

As a result of the transaction, Carpenter will enter 
the titanium powder market significantly earlier than 
previously planned and will reduce its planned fiscal year 
2017 capital expenditures by approximately $20 million.

Operations will continue at the existing site which 
is well positioned for future expansion and will operate 
as a functional unit of Carpenter Powder Products, 
complementing Carpenter’s existing broad portfolio of 
well-established Powder Metallurgy offerings. Stephen 
Peskosky, Vice President of Corporate Development 

Carpenter Technology to 
acquire assets of Puris LLC for 
$35 million

at Carpenter stated, “The addition of titanium powder 
to Carpenter’s existing capabilities is significant due to 
the current and anticipated demand increases from the 
Additive Manufacturing industry, which produces mission 
critical parts supplied to Aerospace and Medical markets, 
as well as other markets.”

“As we continue to differentiate Carpenter as a solu-
tions provider and market focused company, we believe 
the expansion of our powder and Additive Manufacturing 
capabilities further enhances the value we provide our 
customers and further expands our long-term growth 
profile,” added Peskosky.

www.cartech.com | www.purisllc.com   

http://www.metal-am.com/contact
http://www.catamold.de/cm/internet/Catamold/
http://www.dynamicgroup.com/
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he World's Largest Capacity 
in Metal Injection Molding

Over 80years experience

ISO certificates 

ISO/TS 16949:2009

ISO 14001:2004

Email: enquiry@cn-innovations.com  

www.cn-innovations.com  

Head Office

CN Innovations Holdings Limited   

Address: 18/F, Chung Nam Building, 1 Lockhart Road, 

Hong Kong

A member of                      Holdings Limited

Zoltrix Material 
International Limited

T
in Aesthetic & Precision Metal Components

Tel:  (852) 2529 6111

Fax: (852) 2527 0161

H.C. Starck offers a wide variety of special gas atomized high-alloyed metal powders, as well as customized 
solutions for all Additive Manufacturing processes.

Additive.Manufacturing@hcstarck.com
www.hcstarck.com

>  Extensive product portfolio
>  Constant quality
>  Homogenous particle size distribution

>   Identical morphology
>  Optimized for all AM processes
>  Flexible production quantities

Please contact us to learn more about our unique capabilities for customized  
powder development both for R&D and large scale production.

Atomized Metal Powders and Alloys

Visit us at TCT Asia (Booth K39)  
and AMUG (Booth 44)

OBE Ohnmacht & Baumgärtner 
GmbH, a leading MIM producer based 
in Ispringen, Germany, has received 
two awards, each worth €10,000, from 
the regional Ministry of Environment 
in Baden-Württemberg for its efforts 
in developing innovative measures 
for saving materials and also energy 
during manufacturing. 

One of the awards was for an 
EU-funded project called REPRoMag 
which OBE is coordinating and has 
the objective of using 100% recycled 
NdFeB powder for the production of 
new permanent magnets. This has 
the benefit of providing European 
producers with a more sustainable 
source of rare earth raw materials 
(see report on page 88 of this issue of 
PIM International). 

The second award involves the use 
of wear resistant plastic to produce 
micro screws for spectacle frames 

OBE rewarded for its commitment to 
energy and resource efficiency

where any recycled and regranulated 
material used in the production 
of the screws can be repeatedly 
used without loss in properties and 
performance.

www.obe.de   

Dr Carlo Burkhard (left), Managing 
Director at OBE was presented with 
the awards by Franz Untersteller, 
Minister for the Environment, Climate 
and Energy

AP&C receives 
significant 
order for MIM 
applications

Sweden’s Arcam AB, a leading 
supplier to the Additive Manufacturing 
sector, has announced that its 
powder manufacturing subsidiary 
AP&C, based in Montreal, Canada, 
has received a significant order for 
titanium powder for MIM applications.

With fast growth and a new state 
of the art powder manufacturing 
plant in Montreal, AP&C is already 
established as the largest supplier 
of titanium powders to the Additive 
Manufacturing industry. This order, 
stated the company, now also 
establishes AP&C as a major supplier 
in the MIM application field. The 
order is for Ti6Al4V MIM powder and 
the order volume is 30 tons to be 
delivered during 2017.

www.arcam.com   

http://www.metal-am.com/contact
http://www.cn-innovations.com
https://www.hcstarck.com/en/products/ampersintreg_atomized_metal_powders.html
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EPSON ATMIX CORPORATION

• Low Alloy Steel

• High Alloy Steel

• Stainless Steel

• Magnetic Materials

• Granulated Powder

Finer Powder Production

Cleaner Powder Production

Shape Control of Powders

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

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

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

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

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

KOREA
Mr. John Yun
dkico@hanafos.com

MIM SINTERING 
FURNACES

Top quality hard

metals with high 

densification

Operativity:

• Gas pressure  

60 bar/900 psi

• Useful max 

temperature  

1600°C/2900°F

• High insulation - Low 

energy consumption

TAV VACUUM FURNACES SPA - Via dell’industria, 11 - 24043 Caravaggio (BG) - ITALY - ph. +39 0363 355711

www.tav-vacuumfurnaces.com

Advanced Vacuum-Pressure 

Sinter-HIP FURNACES

Molex completes acquisition of 
Phillips-Medisize
Molex LLC, a global manufacturer 
of complete interconnect solutions, 
recently completed its acquisition of 
Phillips-Medisize Corp, a portfolio 
company of the San Francisco, 
California, based private equity 
investment firm, Golden Gate Capital. 
Phillips-Medisize will operate as an 
indirect subsidiary of Molex, LLC.

“Phillips-Medisize brings strong 
capabilities to Molex in the medical 
solutions market globally,” stated 
Martin Slark, Chief Executive Officer 
of Molex. “Combining Molex’s 
expertise in electronics and our 
broad manufacturing presence with 
Phillips-Medisize’s talented and 
experienced team will help us better 
serve the growing needs of the global 
market for innovative connected 
health solutions.” 

“Phillips-Medisize is excited to 
be joining the Molex team and looks 
forward to the opportunities ahead,” 

said Matt Jennings, Chairman, 
President and CEO of Phillips-
Medisize Corp.  

Phillips-Medisize based in Hudson, 
Wisconsin, USA, started life injection 
moulding plastic components in the 
1960s and today employs over 4,300 
people in 17 production locations 
throughout the USA, Europe, Mexico 
and China. 85% of its approx. 
$700 million annual sales come 
from drug delivery, medical device 
and diagnostic products, such as 
disposable insulin pens, glucose 
meters, specialty inhalation drug 
delivery devices, single-use surgical 
devices and consumable diagnostic 
components. In December 2016 
the company announced plans 
to open a new state-of-the-art 
180,000 ft2 manufacturing facility at 
its Menomonie, Wisconsin, campus 
for the design and production of drug 
delivery devices.  

Metal Injection Moulding was 
started at the company’s Menomonie 
plant in 1996 and in early 2016 
work was completed on increasing 
the production capacity of the MIM 
facility to 50,000 ft2.  It now houses 
four continuous debinding and 
sintering furnaces, multiple batch 
furnaces, dedicated Metal Injection 
Moulding machines and a fully 
equipped metallurgical laboratory.  

One of the applications for 
Phillips-Medisize MIM components 
are the jaws for the award winning 
Novare Surgical RealHand High 
Dexterity instrument which is used 
in minimally invasive ‘hidden scar’ 
surgical techniques. In another MIM 
medical application, the design goal 
was to consolidate four parts into 
one in an oxygen regulator device 
used during surgery. The part, which 
contains the main body, a tube 
and two screws, was consolidated 
into one metal injection moulded 
part that also included moulded-in 
threads.

www.phillipsmedisize.com   

http://www.metal-am.com/contact
http://www.atmix.co.jp/en/e_index.html
http://www.tav-vacuumfurnaces.com
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Bosch and MAHLE plan sale of joint 
turbocharger business
The Bosch Group and the MAHLE 
Group have announced the decision 
to seek a buyer for their joint venture, 
Bosch Mahle Turbo Systems (BMTS). 
The joint subsidiary was founded in 
2008 and produces turbochargers for 
manufacturers of passenger cars and 
commercial vehicles. With a total of 
around 1,400 employees, production 
is largely based in St. Michael, 

Austria, and in Shanghai, China. In 
Germany, BMTS also has a presence 
at two further locations in Stuttgart 
and Blaichach.

 The market for turbochargers 
is expected to continue to grow 
in the years ahead as the trend 
toward smaller engines fitted with 
turbochargers, especially for hybrid 
drives, remains strong. BMTS has 

already benefited from this market 
trend. However, it was stated that 
the company is not yet large enough 
to achieve sustainable success in 
this market environment. “Large 
production quantities and the 
associated economies of scale 
represent a critical competitive 
advantage,” stated Dr Rolf Bulander, 
Chairman of the Business Sector 
Mobility Solutions at Bosch.

“Despite bulk orders received from 
renowned customers, the associated 
high capacity utilisation at our plants 
and above-average growth rates, 
present sales volumes at BMTS are 
still too low in comparison with our 
larger competitors and must be 
further expanded,” added Bulander.

For this reason, further 
investments are needed to achieve 
the company size required in the 
market. Bosch and MAHLE said 
they do not intend to drive forward 
the further expansion of BMTS 
themselves, because both parent 
companies need to focus their 
investments chiefly on new areas of 
development. “Thanks to our state-
of-the-art locations and BMTS’s good 
products, we are currently confident 
of finding a prospective buyer who will 
successfully expand the business,” 
stated Wolf-Henning Scheider, 
Chairman of the MAHLE Management 
Board and CEO of the MAHLE Group.

Employee representatives and 
employees have been informed about 
the intention to sell the joint venture. 
Discussions are taking place with the 
relevant representatives to prepare 
the next steps in the sale process.

www.bmturbosystems.com   

Industry News Industry News

Turbocharger components at Bosch 
Mahle Turbo Systems

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

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

Al2O3     ZrO2     LTCC     MIM
Dentalceramics

Liquidmetal® Technologies, Inc. has 
announced that it has ordered its 
first amorphous metal moulding 
machine from its licensee, Eontec 
Co., Ltd. The machine design is 
based on a die casting platform 
and, it is stated, is complementary 
to the injection moulding machine 
developed with Engel. Delivery of the 
machine is expected in March 2017.

Paul Hauck, Executive Vice 
President of Sales and Marketing, 
stated, “The machine technology 
that we are purchasing from 
Eontec will allow the manufacture 
of larger parts, up to 300 g, and 
will allow us to offer lower cost 
parts made possible with larger 
higher-cavitation moulds. The 
machine capabilities from both 
Eontec and Engel are expected to 
significantly broaden the number 
of possible applications across 
multiple markets. In parallel to this 
order, our sales team is reviewing 
past customer opportunities for 
candidate parts that could be served 
with the larger capacity machine.”

On January 24th, 2017 
Liquidmetal® Technologies, Inc.  

TIGRA is one of Germany’s leading 
producers of cutting tools based on 
hard and extremely hard cemented 
carbide, high speed steel, TIGRAlloy 
and PCD cutting inserts for wood-
working and metalworking tools. The 
company recently inaugurated a new 
production hall at its headquarters 
in Oberndorf-am-Lech, Bavaria, 
Germany. 

Additionally, TIGRA provides 
special carbide knives and wear 
parts and is a custom producer of 
carbide parts using Metal Injection 
Moulding and isostatic pressing. The 
company states that it uses MIM for 
high volume production of unground 

Liquidmetal Technologies targets 
larger parts up to 300 g

TIGRA expands production capacity for 
cemented carbide tools and wear parts

announced that it had entered into 
an agreement for the purchase of 
an 41,000 ft2 building to be used as 
a new manufacturing facility. The 
building is located in Lake Forest, 
California, and the purchase price 
was given as approximately $7.8 
million. The company expected to 
close the property purchase on 
February 17th, 2017.

Commenting on the purchase, 
Prof Lugee Li, Chairman and CEO 
at Liquidmetal Technologies, Inc., 
stated, “We are very excited about 
the purchase of our new corporate 
office and manufacturing facility. The 
new facility will allow us to expand 
our manufacturing capabilities in line 
with our overall strategy to prepare 
the Company to be the global leader 
in amorphous alloy production.” Prof 
Lugee Li is also the Chairman and 
majority stockholder of DongGuan 
EONTEC Co., Ltd., a publicly traded 
company on the Shenzhen Stock 
Exchange specialising in new 
materials developments including 
bulk metallic glasses and medical 
grade magnesium for implants.

www.liquidmetal.com   

carbide parts with geometries which 
would be too difficult to achieve in 
conventional die compaction.

www.tigra.de   

An example of a complex tungsten 
carbide geomtery produced by 
Tigra

http://www.metal-am.com/contact
http://www.metal-am.com/contact
http://www.loemi.com
http://www.kerafol.com/en/
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INNOVATIVE INDUSTRIAL 
FURNACES

Thermoprozessanlagen GmbH
www.cremer-furnace.com

CREMER Thermoprozessanlagen GmbH

Auf dem Flabig 6
D-52355 Düren-Konzendorf
Phone:+ 49 (0) 2421 968 30 - 0
Mail: info@cremer-ofenbau.de

MIM-Master Neo Technology
Please contact us!

2017 Spring PIM Advert CREMER.indd   1 19/01/2017   16:55:44

© 2016 CRS Holdings, Inc. All rights reserved.

Carpenter Powder Products is one of the largest global producers of 
prealloyed, gas atomized, spherical metal powders and leads the way as 
a supplier for Additive Manufacturing, Metal Injection Molding, Surface 
Enhancement, and Near Net Shapes/Hot Isostatic Pressing processes. 

• Ultra--ne particle sizes for complex parts.
• Clean, consistent chemistries.
• Several size ranges to meet customer requirements. 
• Wide range of powder alloys available.

cartech.com/powderproducts

Linde and Praxair agree merger to 
form $65 billion company
Linde AG and Praxair, Inc. have 
announced that the companies 
intend to combine in a merger of 
equals under a new holding company 
through an all-stock transaction. The 
companies have signed a non-binding 
term sheet and expect to execute 
a definitive Business Combination 
Agreement as soon as practicable.

Based on 2015 reported results, 
the combination would create a 
company with pro forma revenues 
of approximately $30 billion 
(€28 billion), prior to any divestitures, 
and a current market value in 
excess of $65 billion (€61 billion). 
Under the proposed terms of the 
transaction, current Linde and 
Praxair shareholders would each own 
approximately 50% of the combined 
company.

“The strategic combination 
between Linde and Praxair would 
leverage the complementary 

strengths of each across a larger 
global footprint and create a more 
resilient portfolio with increased 
exposure to long-term macro 
growth trends,” stated Steve Angel, 
Praxair’s Chairman and CEO. “We 
consider this to be a true strategic 
merger, as it brings together the 
capabilities, talented people and 
best-in-class processes of both 
companies, creating a unique and 
compelling opportunity for all of our 
stakeholders.”

The combined company would 
adopt the globally-recognised Linde 
name and be listed on both the 
New York Stock Exchange (NYSE) 
and the Frankfurt Stock Exchange 
(Prime Standard segment). The new 
company will seek inclusion in the 
S&P 500 and DAX indices.

“Under the Linde brand, we want 
to combine our companies’ business 
and technology capabilities and form 

a global industrial gas leader. Beyond 
the strategic fit, the compelling, 
value-creating combination would 
achieve a robust balance sheet and 
cash flow and generate financial 
flexibility to invest in our future,” 
stated Professor Dr Aldo Belloni, CEO 
of Linde.

The combined company would 
be governed by a single Board of 
Directors with equal representation 
from Linde and Praxair. Linde’s 
Supervisory Board Chairman, 
Professor Dr Wolfgang Reitzle, 
would become Chairman of the new 
company’s Board. Praxair’s Chairman 
and CEO, Steve Angel, would become 
CEO and a member of the Board of 
Directors.

www.praxair.com
www.linde.com   

To submit news to PIM International 
please contact Nick Williams:  
nick@inovar-communications.com

Submitting news..
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Future strategies for technical 
ceramics to be highlighted in 
Cleveland 

The third annual Ceramics Expo conference will take 
place in Cleveland, Ohio, USA, from April 25-27, 2017. The 
organisers state that the event will once again provide 
a vibrant and dynamic platform for the exchange of 
ideas in parallel with the exhibition. The event aims to 
promote advances in ceramic manufacturing and enable 
the demonstration of the many and varied industrial 
applications for ceramics. 

The conference, which is free to attend, will feature 
experts with a deep knowledge of the ceramics industry 
who will present the latest ideas and developments 
in materials, manufacturing, applications and future 
strategies. The Ceramics Expo conference will comprise 
twin-track sessions. Day one will start with a plenary 
session on ‘Forecasting Key Ceramic Markets to 
Understand Industry Trends’ followed by tracks on 
‘Ceramic Material Properties and Application’ and 
‘Ceramic Coating and CMC Manufacturing Processes’. 
This is followed on day two by a properties and 
applications track as well as a track on ‘Forming 
Technologies and Automation’. The final day sees the 
presentation of tracks on ‘Medical Applications’ and 
‘Ceramic and Glass Manufacturing’.

The speaker line-up includes Scott Nelson (Delphi), 
Venkat Anandan (Ford Motor Company), Chad White 
(Siemens USA), Shay Harrison (Free Form Fibers), Dr 
Sonny Bal (Amedica), Jason Langhorn (DePuy Synthes) 
and Dr Kapil Deshpande (Croda).

The organisers state that the conference has been 
specially designed for engineers and decision makers 
from OEMs and Tier 1s in the automotive, aerospace, 
defence, medical, electronics, industrial, energy and 
communication industries. Delegates can pick just those 
sessions that are of interest and can break out at any time 
to take in the booths on the exhibit floor. All are invited 
to network in a relaxed atmosphere during the event’s 
evening drinks receptions.

www.ceramicsexpousa.com   

Seco/Vacuum Technologies 
LLC formed to serve North 
American market

Seco/Warwick has announced the creation of Seco/
Vacuum Technologies LLC (SVT), a new company 
designed to provide standard and custom vacuum 
furnaces and related professional services to the North 
America market. With nearly 400 vacuum furnaces 
installed in North America alone, Seco/Warwick is 
already a well-established vacuum furnace brand. 
Through the creation of a company dedicated to the 
unique requirements of its North American customers, 
Seco/Vacuum Technologies aims to improve delivery of 
the furnace technology and configure it for seamless 
compatibility to American standard components and 
controls.

“Seco/Vacuum Technologies is positioned to 
deliver improved products and services to established 
customers and new companies as well, by adapting 
some of Seco/Warwick’s core products and capabilities 
for better compatibility with North American 
expectations,” stated SVT’s Managing Director, Piotr 
Zawistowski.

www.secovacusa.com   

The Ceramics Expo conference is free to attend
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DELIVERS THE CUTTING EDGE TECHNOLOGICAL

INNOVATIONS LEADING THE INDUSTRY TODAY.

107 Commerce Road, Cedar Grove, NJ 07009 USA • +1.973.239.6066 • www.elnik.com

The Metal Injection Molding process can be risky because small processing errors could be very costly. Elnik 

Systems has made technological innovation it’s cornerstone but beware there are a lot of “MIM-itators” in the 

industry. While such MIM-itations are flattering, they have not grown from innovations. Innovative thinking 

leads to smarter MIM performance, which we call “MIM-telligenceTM”. Elnik’s innovations undergo 

extensive field testing in production sized furnaces at DSH Technologies LLC before the new technology hits the 

market. DSH is a sister company of Elnik providing R&D and Consulting help to the MIM industry. Elnik also 

offers free DSH services for one year with the purchase of each new MIM furnace, providing every Elnik customer 

with additional customized technical support and dependability. Another Elnik “MIM-telligenceTM” benefit.

Beware of Elnik MIM-itations

US Distributor
United States Metal Powders, Inc.
Contact: Rhonda Kalser
rhonda.kasler@usbronzepowders.com
Tel: +1 908 782 5454

YUELONG GmbH
Tel: +49 6074 9147 933
b.li@yueanmetal.com

Jiangxi Yuean Superfine Metal Co., Ltd
Tel: +86 797 8772 869 Fax: +86 797 8772 255
Xinhua Industrial Park, Dayu County, 
Jiangxi Province
www.yueanmetal.com

Metal Powder Industries Federation 
appoints new Executive Director

The Metal Powder Industries 
Federation (MPIF) and APMI 
International (APMI) have formally 
confirmed that James P Adams has 
succeeded C James Trombino as 
Executive Director/CEO, effective 
immediately.

Adams has worked in the Powder 
Metallurgy industry for more than 
30 years following graduation 
from Hennepin Technical College 
in 1985. He began his career 
with MPIF in 2004 as Director of 
Technical Services, working closely 
with the MPIF Technical Board, 
where he has been responsible for 
Federation publications, professional 
development programs and 
conference technical programming. 
Under his direction, the Metal 
Injection Molding and Additive 
Manufacturing with Powder 
Metallurgy conferences were 

developed. He has also served as 
administrative director for APMI 
International and the Center for 
Powder Metallurgy Technology 
(CPMT).

Adams took on additional roles as 
administrative director for the Powder 
Metallurgy Parts Association (PMPA), 
Metal Powder Producers Association 
(MPPA), Powder Metallurgy 
Equipment Association (PMEA), and 
Isostatic Pressing Association (IPA), 
all affiliated associations within the 
MPIF umbrella. Additionally, he has 
also been MPIF’s representative 
for the Lightweight Innovations for 
Tomorrow, a National Network for 
Manufacturing Innovation Institute, 
to aid in the promotion of lightweight 
technology development.

“MPIF has been a global leader 
and voice for the North American 
Powder Metallurgy industry for nearly 

75 years and to be its fourth Executive 
Director is an honour and privilege,” 
stated Adams. “Jim Trombino has left 
MPIF positioned for the future and I 
look forward to serving the current 
industry while advancing emerging 
technologies such as metal Additive 
Manufacturing.”

www.mpif.org   

Jim Adams succeeds Jim Trombino 
as the new Executive Director of the 
Metal Powder Industries Federation  
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CM Furnaces, long recognized as an industrial leader in performance-proven, high
temperature fully continuous sintering furnaces for MIM, CIM and traditional press
and sinter now OFFERS YOU A CHOICE, for maximum productivity and
elimination of costly down time.

Choose one of our exclusive BATCH hydrogen atmosphere Rapid Temp furnaces.
Designed for both debinding and sintering, these new furnaces assure economical,
simple and efficient operation.

OR... choose our continuous high temperature sintering furnaces with complete
automation and low hydrogen consumption.

CONTACT US for more information on our full line of furnaces with your
choice of size, automation, atmosphere capabilities and 

temperature ranges up to 3100˚F / 1700˚C.

E-Mail:
info@cmfurnaces.com

Web Site:
http://www.cmfurnaces.com

FURNACES INC.
103 Dewey Street Bloomfield, NJ 07003-4237  

Tel: 973-338-6500    Fax: 973-338-1625

On the leading edge of
      metal powder manufacture

   
Sandvik Osprey Limited

Milland Road  Neath  SA11 1NJ  UK Phone:  +44  (0)1639 634121  Fax:  +44  (0)1639 630100 
www.smt.sandvik.com/metalpowder  e-mail: powders.osprey@sandvik.com

With over 35 years’ experience in gas atomisation, Sandvik Osprey offers the 
world’s widest range of high quality, spherical metal powders for use in
Metal Injection Moulding. Our products are used in an increasingly diverse
range of applications including automotive, consumer electronics, medical
and aerospace.

Our extensive product range includes stainless steels, nickel based
superalloys, master alloys, tool steels, cobalt alloys, low alloy steels and
binary alloys.

Using gas atomised powders can enhance your productivity and profitability:
contact our technical sales team today for more information.

BOOTH
A55

PM CHINA 2017

VISIT US AT

2017 March PIM advert Sandvik.indd   1 02/02/2017   10:14:07

POWDERMET2017 Las Vegas: Programme 
published and registration opens
The Metal Powder Industries 
Federation (MPIF) has announced 
that the technical programme for 
its POWDERMET2017 conference 
has now been published. The 
POWDERMET2017 International 
Conference on Powder Metallurgy 
and Particulate Materials will feature 
over 200 international industry 
experts presenting on PM, particulate 
materials and metal Additive Manu-
facturing. The event takes place at the  
Bellagio Hotel, Las Vegas, Nevada, 
from June 13 to 16, 2017.

This year’s conference opening 
general session will feature the 
keynote presentation “Navigating 
the Metal Additive Manufacturing 
Landscape” by Todd Grimm, T.A. 
Grimm & Associates, which will 
blend industry updates, trends and 
insights to cut through the hype on 
when, where and why metal Additive 
Manufacturing makes sense.

“This year’s conference hosts a 
packed technical programme with the 
latest innovations in PM, particulate 
materials and metal Additive 
Manufacturing,” stated Dan Messina, 
MPIF’s Technical Manager. 

All full-conference 
POWDERMET2017 attendees will 
also have access to the co-located 
AMPM2017: Additive Manufacturing 
with Powder Metallurgy conference.

www.powdermet2017.org   

The US National Science Foundation 
has announced the approval of a 
grant programme to support forty 
students from US institutions to 
attend the POWDERMET2017 and 
AMPM2017 conferences taking place 
in Las Vegas, USA, June 13–16, 
2017. The awards will cover the full 
conference registration fee and a 
three-night hotel accommodation.

MPIF Executive Director Jim 
Adams stated, “Students will be 
able to meet and learn from some of 
the best engineers and component 
designers in the industry by 
attending technical sessions, special 
interest programs, walking the 
exhibition hall and networking during 
industry luncheons and evening 
events.”

www.powdermet2017.org   

Grant programme 
to support 
students attending 
POWDERMET2017

The iconic Bellagio Hotel is the 
venue for this year’s POWDERMET 
conference  
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HIPER 'l's:Mz. .:ffi_R 
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AII Series Debinding and Sintering Furnace 
for Metal lnjection Molding 

Graphite hot zone Metal hot zone 
debinding and sintering vacuum-pressure furnace debinding and sintering vacuum furnace 

Graphite hot zone Walking beam continuous 
debinding and sintering furnace debinding and sintering vacuum furnace 

HIPER is a professional manufacturer of sintering furnace for 
MIM,which takes the largest market share in Asian-Pacific region. 

HIPER can supply all kinds of sintering vacuum furnaces and 
continuous sintering furnace for MIM.We can customized furnaces 
for different requirements. 

HIPER 
Ningbo Hiper Vacuum Technology Co.,Ltd 

N0.521 Haitong Road,Cixi City,Zhejiang 

Province,China 

T: +86-13567 416699 / F: +86-57 4-23660395 

E : xiangwei.zou@hiper.cn / W: www.hiper.cn 

PM China 2017

Shanghai

26-28 April 2017

PM Tooling
System
The EROWA PM Tooling System is
the standard interface of the press
tools between the toolshop and
the powder press machine.
Its unrivalled resetting time also
enables you to produce small 
series profi tably.

www.erowa.com

Micro exhibits at 
MD&M West 2017
Micro, a long established full service 
manufacturer of precision medical 
devices and sub-assemblies based 
in Somerset, New Jersey, USA, 
exhibited a range of its products at 
the recent MD&M West 2017, said 
to be the world’s largest medical 
technology event. The event took 
place in Anaheim, California, USA, 
from February 7-9. 

The company produces a wide 
variety of blades, scissors, stapling, 
biopsy devices and instruments for 
minimally-invasive laparoscopic, 
endoscopic and arthroscopic 
procedures, and claims to be the 
world’s largest manufacturer of 
titanium and stainless steel litigation 
clips. The company includes metal 
and ceramic injection moulding as 
some of its manufacturing processes 
for the production of high quality 
medical devices.

Micro has been based in Somerset 
since 1988 when it opened a 68,000ft2 
facility at 140 Belmont Drive. In 
2008 the company doubled its 
manufacturing space with an adjacent 
building and in 2016 it established 
a third building housing a number 
of departments. “The necessity for 
expansion was due to several new 
medical device programmes from 
new and existing customers,” stated 
Brian Semcer, Micro President.

MIM has helped surgical device 
manufacturers lower costs and 
improve quality, stated the company. 
Two examples cited include MIM 
end effectors and a powder injection 
moulded component made from an 
implantable material grade with an 
ultra-sharp 0.127 mm (0.005 in.) 
radius tip requiring no secondary 
sharpening after sintering. 

www.micro-co.com   

MIM end effectors for the medical 
sector produced by Micro

Apple Inc has reported a 5% 
increase in iPhone sales to over 
78 million units in the fiscal 2017 
first quarter ended December 31, 
2016. The company posted all-time 
record revenue of $78.4 billion for 
the quarter. These results compare 
to revenue of $75.9 billion in the 
comparable quarter in the previous 
financial year. The rise was attributed 
to stronger than expected demand 

Apple’s strong sales drive MIM 
volumes higher 

for the iPhone 7 and sales of the 
smartphone now account for more 
than two-thirds of Apple revenue. 

Apple is one of the biggest users of 
MIM parts, with applications including 
the lightning connector, of which over 
1 billion have already been produced. 
Experts have suggested that this is 
the highest volume MIM production 
part in history.

www.apple.com   
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with Binder Jetting Technology

exone.com

POWDER METAL 
3D PRINTING

• No tooling required

• Broad material applications

• MIM size parts at MIM densities

• Complex parts

For more information on ExOne® Systems and Services: 877-773-9663  |  ExOne.com  

THE AMERICAS  •  EUROPE  •  ASIA

ExOne® utilizes revolutionary Binder Jetting technology 

to manufacture parts with industrial grade materials.

316L Stainless Steel

X1_PIM_December_2016.indd   1 12/1/16   1:29 PM

LÖMI introduces tabletop debinding 
units for research, prototyping and 
small batch production

medium. Together with their compact 
and energy-saving designs, the 
two new systems are claimed to 
be both extremely economical and 
environmentally friendly.

In recent years LÖMI has reported 
that a number of PIM part producers 
have switched to solvent debinding. 
This offers a number of advantages, 
including a greater freedom of 
feedstock choice for MIM and CIM 
part producers as a wide range of 
feedstocks can be processed using 
the solvent debinding process. 

Ralf Wegemann, Marketing 
Director at LÖMI, told PIM 
International, “This makes it easy 
for part producers to test new kinds 
of feedstock, or to add another 
feedstock producer as a supplier, 
without having to invest in a new 
debinding system. In addition, various 
organic solvents can be employed, 
such as ethanol, isopropanol and 
acetone. At the same time, solvent 
debinding systems offer very compact 

dimensions and a very long lifetime, 
as the solvent debinding process 
causes very little wear and tear.”

The company has been actively 
involved in the PIM industry since 
2001 and all its debinding systems 
have been developed in close 
cooperation with renowned research 
institutes and universities, feedstock 
manufacturers and PIM part 
producers. LÖMI’s portfolio of solvent 
and water debinding systems ranges 
from tabletop units to large-scale 
industrial plants with over 1,000 litres 
of batch volume.

www.loemi.com   

LÖMI tabletop debinding unit EDA-30

Debinding systems manufacturer 
LÖMI GmbH, based in Grossostheim, 
Germany, has launched two new 
solvent debinding units to meet the 
increasing demand from research 
institutes, universities and corporate 
R&D departments for small-sized 
systems. The EBA-30 and EDA-30 
tabletop units are also suitable for 
prototyping, for part producers to 
evaluate PIM, and for low volume 
production, for example in the luxury 
goods sector.

The two systems, which are based 
on well-proven technology, have a 
batch volume of 16 litres and offer 
two-in-one functionality by integrating 
the debinding and drying of parts. 
This saves time and cost as no 
additional handling of the brown parts 
is required between the debinding and 
drying process steps. The EDA-30 unit 
adds a third functionality, integrated 
solvent recovery, with a recovery 
rate of up to 99%. This ensures a 
continuous supply of fresh debinding 

POM based CIM feedstock launched by 
INMATEC Technologies GmbH

“Customers have the freedom to 
decide which feedstock system they 
would like to use and can choose 
between INMAFEED, the wax based 
binder-system for water debinding, 
INMAFLOW, the polyamide based 
binder-system for solvent debinding 
with acetone and INMAPOM, the 
POM based binder-system for 
catalytic debinding,” stated the 
company’s Managing Director Moritz 
von Witzleben. 

“With INMAPOM feedstocks CIM 
manufacturers can use the fast 
catalytic debinding process. Catalytic 
debinding technology, which is 
already well known in the PIM 
industry, allows producers to operate 
a fully automated production process 
with continuous 24/7 operations. This 

INMATEC Technologies GmbH, 
a leader in the field of feedstock 
production for Ceramic Injection 
Moulding, has announced that it 
will be expanding its product range 
to include polyoxymethylene (POM) 
based CIM feedstocks.

A team at the company, which 
is based near Cologne, Germany, 
has developed the new INMAPOM 
CIM feedstock and confirms that 
the system will be launched in the 
coming months. POM based alumina, 
white zirconia and black zirconia 
feedstocks will be available. 

With the INMAPOM binder 
system the company states that 
it is completing its objective of 
offering the complete range of 
binder systems for the PIM market. 

is an advantage for high volume part 
production in the CIM industry.”

The new INMAPOM CIM feedstock 
system will be available globally for 
industrial-scale projects and it is 
stated that full technical support 
is offered in all world regions by 
an team of experienced experts in 
Ceramic Injection Moulding. “We have 
an established project team for the 
INMAPOM feedstocks that can ensure 
that customers will have the neces-
sary support to handle the INMATEC 
catalytic debinding system,” added von 
Witzleben.

INMATEC Technologies GmbH 
will be presenting its first INMAPOM 
ceramic feedstock grades, which are 
targeted at various industries including 
electronics, automotive interiors, 
consumer, medical and communica-
tions, at the Ceramics Expo 2017, April 
25-27, in Cleveland, Ohio, USA.

www.inmatec-gmbh.com    

http://www.metal-am.com/contact
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• Metal or graphite hot zones
• Processes all binders and 

feedstocks 
• Sizes from 8.5 to 340 liters  

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

750 torr
• Vacuum, Ar, N2 and H2

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

• Worldwide field service, 
rebuilds and parts for all 
makes

Centorr Vacuum Industries, Inc.
55 Northeastern Blvd 

Nashua, NH 03062
USA 

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

Email: sales@centorr.com

www.centorr.com/pi

MIM-VacTM 
Injectavac®

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

EMBELUBE® 
Lubricants for powder compaction

eMBe Products & Service GmbH
Gemeindewald 7, 86672 Thierhaupten, Germany
Tel.: +49 8271 4219883  Fax: +49 8271 4219884 

servicepoint@embe-products.com

EMBELUBE® E 6000
binder for green strength, metal free lubricant

EMBELUBE®  SL
smooth powder fl ow

EMBELUBE®  KR
Zn-containing performence lubricant for more density 
and less wear

EMBELUBE®  WP
Lubricant and poreformer available in 5 grain sizes

At eMBe we have the products and services 
to help you “shape up” your metal or ceramic 
powders, from lubricants to poreformers and 
products for MIM or CIM

Develop your individual products with us by
using our in-house laboratory and extensive 
experience as one of Europe´s leading PM 
additive suppliers.

Our services focus on product development 
and product innovation to continuously meet 
our customers’ evolving needs worldwide.

EMBELUBE® is a registered trademark

www.embe-products.com

EMBEMOULD® 

At eMBe we have the products and services  
to help you „shape up“ your metal or ceramic 
powders, from binders for solvent or water  
debinding to ready-to mould feedstock. 

Develop your individual products with us by 
using our inhouse laboratory and extensive 
experience as one of Europe´s leading PM 
additive suppliers.

Our services focus on products development 
and product innovation to continuously meet 
our customers’ evolving needs worldwide.

eMBe Products & Service GmbH
Gemeindewald 7, 86672 Thierhaupten, Germany
Tel.: +49 8271 4219883  Fax: +49 8271 4219884 
servicepoint@embe-products.com

Embemould® is a registered trademark      Photo Arburg GmbH & Co KG

www.embe-products.com

EMBEMOULD® C AND EMBEMOULD® K 83
MIM and CIM binders for water and solvent debinding

EMBEMOULD  FEEDSTOCK
MIM feedstock for water, solvent or catalytic debinding

316 L, 17-4 PH, 100 CR6, FENI8,F 75
OTHERS ON REQUEST

eMBe Products & Service GmbH
Gemeindewald 7, 86672 Thierhaupten, Germany
Tel.: +49 8271 4219883  Fax: +49 8271 4219884 

servicepoint@embe-products.com

MIM - feedstock | MIM & CIM binders 

The European Powder Metallurgy 
Association (EPMA) has announced 
that it will be organising a two-day 
Metal Injection Moulding seminar 
in Ludwigshafen, Germany, from 
June 1-2, 2017. The aim of the 
event, stated the association, is to 
provide a deeper understanding 
and awareness of the technology to 
all those with an interest in Metal 
Injection Moulding. The target 
audience includes companies that are 
considering changing to MIM from 
other manufacturing processes.

Over two days, speakers from the 
Metal Injection Moulding sector will 
explore the future of MIM, design 
criteria and secondary operations, 
quality concepts and materials, as 
well as presenting case studies and 
exploring the advantages that the MIM 
process can provide.

“The seminar will be a forum for 
discussion and provide potential for 

EPMA announces its 2017 Metal 
Injection Moulding Seminar 

collaboration between the attending 
delegates,” explained Dr Lionel 
Aboussouan, EPMA’s Executive 
Director. “There will be an exhibition-
style showcase of MIM parts as 
well as an advertising area where 
delegates and speakers are welcome 
to represent their companies.”

The MIM Seminar programme has 
been created with assistance from the 
EPMA’s EuroMIM Group and will take 
place at the facilities of leading MIM 
feedstock manufacturer, BASF SE.

The EPMA states that early 
booking is recommended as there are 
a limited number of spaces available. 
The deadline for booking on this 
seminar is Thursday May 4th, 2017. 
Specific questions regarding this 
seminar can be directed to Rhianna 
Jones, Events & Administration 
Assistant rj@epma.com, Tel: +44 (0) 
1743 248899.

seminars.epma.com   

Ceramic acoustic reflector used for flow 
metering made by injection moulding

Morgan Advanced Materials, based 
in Windsor, UK, has developed the 
capability to produce complex ceramic 
acoustic reflectors used in ultrasonic 
flow meters, drawing on pioneering 
research carried out in conjunction 
with Loughborough University. The 
company stated that ultrasonic 
flow meters are commonly used in 
residential utilities measurement and 

play an important role in providing 
accurate monitoring and flow control. 

Central to this technology are 
acoustic reflectors, which are used 
in flow tubes to convey ultrasonic 
waves from one sensor to the other. 
Historically, these have generally 
been made from stainless steel, 
and whilst these initially offer 
greater measurement accuracy, 

Selection of ceramic acoustic reflec-
tors developed by Morgan Advanced 
Materials

they have been found to decline 
quite significantly in accuracy over 
a number of years. Conversely, 
ceramic wedges made using 
proprietary alumina from Morgan 
Technical Ceramics (Hilox grade) 
do not experience a comparable 
decline in performance, offering 
greater measurement accuracy 
over the long term. Morgan is able 
to provide high sensitivity and wide 
bandwidth ultrasonic sensors for 
flow measurement, to increase this 
starting sensitivity further.

Morgan’s ceramic acoustic 
reflectors offer a variety of additional 
benefits over their stainless steel 
counterparts, the inert properties of 
the material make it safer in water 
processing while its lightweight 
composition reduces the overall 
weight of components without 
compromising on durability. Other 
benefits include improved surface 
smoothness and scale thickness, both 
of which enhance the accuracy of 
meter readings. 

Morgan developed the ceramic 
acoustic reflectors using injection 
moulding technology, allowing 
the company to accommodate a 
wider range of bespoke designs 
with complex geometries to meet 
the requirements of industry. This 
method also allows Morgan to tune 
the sensors to the correct beam width 
and acoustic properties, ensuring 
maximum sensitivity by potentially 
reducing the turbulence of the water 
flow path around wedges. This is done 
by creating more complex shapes that 
can aid the fluid dynamics of the flow 
in the tube. 

www.morganadvancedmaterials.
com   

Industry News Industry News

ASTM International has announced 
that Katharine Morgan has now 
begun serving as President ASTM 
International, one of the world’s 
largest standards development 
organisations. Morgan will lead a 
team that supports thousands of 
members, customers, partners and 
other stakeholders worldwide. She 
succeeds James A. Thomas, who 
served in the role for twenty-five 
years.

“I am thrilled and humbled to 
serve as President of an organisation 
that has played such a foundational 
role in meeting societal needs for 
over a century,” stated Morgan 
during the organisation’s first major 
meeting of 2017 in Norfolk, Virginia, 
USA.  

www.astm.org   

Katharine 
Morgan becomes 
President of ASTM 
International
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Yttria-tetragonal zirconia polycrystal 
ceramics (Y-TZP) have already 
attracted interest as implant 
materials because of their high 
strength and toughness, chemical 
stability, biocompatibility and good 
wear behaviour. Yu-Sen Yang and 
co-researchers at the National 
Kaohsiung First University of 
Science and Technology in Taiwan, 
have been undertaking work on 
optimising the use of Powder 
Injection Moulding (PIM) to produce 
complex shaped dental implants 
from the Y-TZP material using 
mould flow analysis software to 
simulate the moulding process 
and to improve and optimise mould 
design and sintering parameters. 
Their results to-date were recently 
published in the open access 
Journal of Physical Chemistry & 
Biophysics (Vol. 6, No. 3, 2016).

The authors used 3 mol% yttria-
stabilised zirconia with 5.2 wt.% 
Y2O3 to produce the powder injection 
moulded dental implants with 

Powder Injection Moulding of Yttria-
tetragonal zirconia polycrystal ceramics 
for dental implants
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Fig. 1 Critical dimensions of dental 
implants marked as ①, ②, ③ and 
④. (From paper: ‘Effect of injection 
moulding and sintering behaviour on 
Y-TZP dental implants’, by Y-S Yang, 
etal. Journal of Physical Chemistry & 
Biophysics Vol. 6, Issue 3, 2016)

Fig. 2 Diagram of debinding (C) and and sintering steps (D). From paper: ‘Effect 
of injection moulding and sintering behaviour on Y-TZP dental implants’, by Y-S 
Yang, et al. Journal of Physical Chemistry & Biophysics Vol. 6, Issue 3, 2016)

Table 1 Shrinkage of critical dimensions in injection moulding (From paper: 
‘Effect of injection moulding and sintering behaviour on Y-TZP dental implants’, 
by Y-S Yang, et al. Journal of Physical Chemistry & Biophysics Vol. 6, Issue 3, 
2016)
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time, material temperature, mould 
temperature and cooling time. 

After injection moulding the green 
parts were immersed in deionised 
water for 24 h at room temperature 
for water debinding followed by 
thermal debinding at 320°C and 
420°C for the removal of the first and 
second binder components. Zirconia 
assumes a tetragonal structure at 
temperatures above 1170°C; there-
fore sintering temperatures were set 
at 1200°C, 1300°C and 1400°C. Fig. 2 
shows the heating rate for each 
step of the thermal debinding and 
sintering process.

At sintering temperature of 
1400°C, the Y-TZP implants achieved 
a relative density of 99% of the theo-
retical value. Optimal parameters for 
sintering were therefore established 
to include a sintering temperature 
of 1400°C and a holding time of 3 hr 
to achieve a density of 5.96 g/cm3, 
a hardness of Hv 1489 ± 131 and 
a shrinkage rate of 20.82 ± 0.7%. 
Table 1 shows the shrinkage rates 

of critical dimensions for various 
sintering temperatures. The obtained 
shrinkage rates can be taken into 
consideration when designing 
injection moulds. The simulation test 
results also show that the injection 
moulding process with optimal 

moulding and sintering parameters 
significantly reduced shrinkage rates 
compared with results using standard 
parameters.

english.nkfust.edu.tw   

critical dimensions shown in Fig. 1. 
Three different control levels were 
used in injection moulding including 
injection speed, pressure, packing 
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• Tap density: 4.75 g/cm3
• Oxygen content: 3300 PPM
• D10: 3.59 μm
• D50: 7.23 μm
• D90: 15.99 μm

Average shrinkage rate (%)

Critical dimensions

Sintering temperatures
① ② ③ ④

1200°C - 13.05 13.58 11.94

1300°C - 19.37 19.28 18.56

1400°C - 21.48 20.82 20.16

1450°C - 21.02 21.23 23.02

1480°C - 21.16 21.57 21.34

1500°C - 21.14 21.56 21.32
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ACuPowder, ECKA Granules and SCM 
rebranded to form Kymera International

Electric desktop injection moulding 
machine for low volume and prototype 
production

ACuPowder International, ECKA 
Granules and SCM Metal Products 
have been rebranded to form 
Kymera International. The three 
companies, owned by investment firm 
Platinum Equity, are global leaders 
in aluminium and copper based 
powders with over one hundred years 
of history.

“While all three companies 
continue to thrive and grow, it was 
challenging for our customers, 
suppliers and even at times our 
employees to appreciate that we were 
all part of one organisation,” stated 
Barton White, CEO.

The company stated that Kymera 
is an adaptation of Chimera and 
represents the idea of multiple forces 
coming together to create one strong 
entity. White and his team believe 
that this is exactly what having 
ACuPowder, ECKA Granules and SCM 
Metal Products under one common 
brand name will achieve and that it 
will no doubt benefit all of its global 
supply chain partners.

A fully automatic electric desktop 
injection moulding machine has 
been introduced by Advanced 
Production Systems (APS) LLC of 
Blue Ash, Colorado, USA, for the 
low volume production of plastic, 
metal and ceramic injection moulded 
components or for prototyping/new 
product development. 

The APSX-PIM, which is 
approximately 120 cm long, 
30 cm deep and 30 cm high and 
weighs 113 kg, includes a 25 cm 
touch screen to start and stop the 
machine, adjust settings and monitor 
progress in real time. In spite of its 
compact size, the APSX-PIM is a fully 
automatic, 110 V electric powered 

It was stated that the management 
team recognises that ACuPowder, 
ECKA Granules and SCM are all 
known and respected brands and so 
they will continue to use these names 
under the Kymera umbrella until its 
global supply chain partners become 
familiar with the new name. Kymera 
International will be introduced 
slowly to the marketplace and the 
company was keen to highlight that 
no immediate changes will occur 
regarding billing (e.g. invoicing and 
banking), contact details such as 
email, or packaging/labelling.

All three companies will have 
one common website. “Instead of 
surfing around multiple web pages, 
our customers will be able to go to a 
single site to solve all of their material 
requirements,” added White, who also 
indicated that a temporary homepage 
is now accessible with links to the 
three current websites and noted that 
a fully functional site will be launched 
during the second quarter of 2017.

www.kymerainternational.com   

machine with a 1200 W heater. The 
machine features a compression 
spring, heated barrel with motorised 
plunger and a shot capacity of 3-40 g. 
It can hold a 15 cm x 12 cm mould 
base. It works with steel, aluminium 
or CNC cut inserts and 3D-printed 
moulds and it uses only air to cool the 
mould area.

www.apsx.com   

Umicore to acquire 
Eurotungstene 
from Eramet
Umicore announced in December 
2016 that it has signed a share 
purchase agreement to acquire 
100% of Eurotungstene, a company 
within the Eramet Group specialised 
in developing, manufacturing and 
marketing metal powders used 
in diamond tools and hardmetal 
applications.

It was stated that the acquisition 
of Eurotungstene, which will 
be integrated into the Cobalt & 
Specialty Materials business unit, 
brings together two businesses with 
complementary strengths. It will 
allow Umicore to broaden its product 
portfolio to better serve the needs 
of its diamond tool customers by 
relying on Eurotungstene’s in-depth 
technical know-how, operational 
experience and diversified product 
portfolio. It will also allow Umicore 
to offer tungsten-based materials to 
hardmetal customers.

“We are very pleased with this 
acquisition which is an excellent 
strategic fit for the tool materials 
activity of our Cobalt & Specialty 
Materials business unit. This 
transaction further supports our 
ability to grow and deliver value to 
our customers,” stated Benjamin 
Schmoker, Business Director of 
Umicore.

Eurotungstene, based in Grenoble, 
France, is specialised in processing 
metal bonding powders, tungsten 
powders and tungsten carbide 
powders for use in diamond tools 
and hardmetal applications. In 2015, 
Eurotungstene generated a turnover 
of almost €42 million and employed 
127 people.

www.eurotungstene.com
www.umicore.com   
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MAPP, the EPSRC Future Manu-
facturing Hub in Manufacture using 
Advanced Powder Processes, is a 
£20 million research hub led by the 
University of Sheffield, UK. The hub 
brings together expertise from the 
Universities of Sheffield, Leeds, 
Manchester, Oxford and Imperial 
College London, together with 
seventeen industry partners and 
the UK’s High Value Manufacturing 
Catapult. The aim of MAPP is to 
realise the potential of advanced 
powder processes to provide low 
energy, low cost and low waste high 
value manufacturing routes and 
products to secure UK manufacturing 
productivity and growth.

The launch event on January 31st 
in Sheffield, UK, was attended by 
150 delegates from across industry, 
universities, Catapult centres and 
sponsors. MAPP Director and 
RAEng Chair Professor Iain Todd, 
gave an overview of MAPP’s vision 
and how MAPP aims to address 
the challenges and opportunities 
surrounding advanced powder 
processes through an ambitious 
interdisciplinary research 
programme.

“It’s an exciting time for 
powder based processes with new 
opportunities opening up rapidly 
in a range of key sectors including 
aerospace, energy, automotive and 
healthcare. However, there are 
still some fundamental scientific 
issues to be addressed before these 
technologies can be adopted more 
widely,” stated Todd. “MAPP brings 
together leading UK researchers, 
industry and the High Value 
Manufacturing Catapult to achieve 
right first time manufacturing for 
advanced powder processes and 
develop the next generation of 
manufacturing technologies. The 
EPSRC Future Manufacturing Hubs 
are a key element in our approach 
to tackling the UK’s productivity 
gap and solving some of the longer 
term challenges faced by the UK’s 
manufacturing industry,” added Todd.

Presentations from MAPP’s 
academic partners highlighted 
how leading edge research is being 
applied to provide new insights on 
advanced powder processes and 
how this new understanding is 
leading to improved outcomes for UK 
manufacturing.

Professor Peter Lee, from the 
University of Manchester and the 
Research Complex at Harwell, spoke 
about how experiments at the UK’s 
Diamond Light Source are providing 
new information on the fundamental 
physics and chemistry of technologies 
such as Additive Manufacturing. 
Professor Andrew Bayly, from the 
University of Leeds, discussed how 
physical models can give a better 
understanding of the dynamic 
behaviour of powders in processes 
and some of the challenges 
associated with powder processing.

Presentations from MAPP’s 
industry partners outlined the 
opportunities for advanced powder 
processes, some of the challenges 
which need to be overcome and how 
the research in MAPP, together 
with aligned programmes funded 
by industry and UK Government, 
are overcoming the challenges 
and delivering benefit for UK 
productivity and growth. Dr Alison 
Wagland, Technology Manager at 
Johnson Matthey, spoke about the 
use of powders in the production of 
catalysts for emission control and 
batteries for energy storage. Dr Rob 
Sharman, Global Head of Additive 
Manufacturing at GKN Aerospace, 
highlighted the opportunities for 
metal Additive Manufacturing in 
aerospace and the need to design 
new materials and powders which 
were tailored specifically for these 
new processes. Dr Phil Carroll, Chief 
Executive Officer at LPW Technology, 
spoke about the need to understand 
manufacturing from the perspective 
of the powder and the need for 
quality, traceability and consistency of 
powder materials.

www.mapp.ac.uk   

UK hub for advanced powder processes 
launches
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The luminous flux of LEDs decreases 
with the rise of the operating 
temperature and the dissipation 
of any heat generated is therefore, 
aside from the efficiency of the 
LED chip itself, an essential part of 
efficient LED systems. According to 
a recent report in LED Professional 
it was stated that the thermal power 
loss of the LED, in comparison with 
traditional incandescent lamps, is 
not radiated and therefore has to be 
dissipated by thermal conduction 
from the LED into an applied heat 
sink. The design of the LED heat 
sink has to ensure that the heat is 
conducted through the material to 
the surfaces where it is transported 
to the environment by convection 
and radiation. Thus, the design of a 
heat sink has to fulfil two aims: good 
thermal conduction in the heat sink 
and a design giving good thermal 
convection on its surfaces.

The report, prepared by Christian 
Herbold and Cornelius Neumann 
from the Light Technology Institute 
at the Karlsruhe Institute of Tech-
nology (KIT) in Karlsruhe, Germany, 
analysed nature inspired shapes that 
would combine high thermal perfor-
mance with a high aesthetic value 
and which could be mass produced 
economically. They used Metal Injec-
tion Moulding to manufacture proto-
types because of the ability of the 
process to produce complex shapes 
in large quantities and with a high 
level of design freedom. However, 
as MIM is mostly used for small 
parts with typical weights ranging 
from 1 to 100 g, the challenge was to 
use MIM for constructed heat sinks 
having two differing shapes using 
copper powder and weighing around 
330 g, as shown in Fig. 1. The left 
shape reflects conventional heat sink 
design, whilst the right shape shows 
a branched design.

The authors stated that Metal 
Injection Moulding of such large 
sized heat sinks raised two prob-

New designs for LED heat sinks by 
Metal Injection Moulding developed by 
Karlsruhe Institute of Technology

lems. The size makes it difficult to 
fill the whole cavity with the viscous 
feedstock material before it solidifies 
in the mould and, once filled, the 
large surface area causes significant 
surface adhesion to prevent easy 
ejection of the moulded part. The 
cylindrical shape of the sample MIM 
heat sinks offers two advantages to 
deal with these problems. Because 
of the geometry, the whole cross-
section area can be used for ejection. 
For this reason, the pressure to push 
the moulded part out of the cavity is 
applied to the complete cross-section 
area and the risk of destroying the 
part during ejection is reduced. 
Furthermore, with this design the 
ejector can be used for compression 
moulding to support the improved 
filling of the cavity. However, the 
authors also found that by slightly 
reducing the degree of filling the 
mould could be ejected without 
breakage but that the moulded heat 
sinks then have some notches where 
the cavity was not completely filled. 

For the MIM process, copper 
powder was mixed with a polymer 
as binder and granulated to produce 
the feedstock which was injection 
moulded on an Arburg Allrounder 
570 S machine. The water soluble 
part of the binder in the green part 
was removed in a water bath followed 
by thermal debinding and sintering 
to produce the dense MIM Cu parts. 
During sintering the heat sinks shrink 
evenly to about 85% of the size of 
the green part. A shape distortion 
caused by the shrinkage can almost 
be avoided with an appropriate 
sintering support that minimises 
friction between the parts and the 
base. The shapes in Fig. 1 represent 
the constructed heat sink geometries 
very well with the branched heat 
sink design based on an approximate 
mathematical model and several 
thermal simulations. These thermal 
simulations give the branched heat 
sink design an advantage of 8.4% for 

the given size. The notches seen in 
both heat sinks at half height of the 
MIM parts were caused by the neces-
sary reduced degree of filling the 
mould. The branched MIM heat sink 
is 6% lighter than the non-branched 
type. 

The researchers at KIT will carry 
out further work to characterise the 
MIM heat sinks for full heat dissipa-
tion properties. Optical measure-
ments with LEDs will supplement the 
results and a comparison to standard 
heat sinks will be possible. They will 
also investigate an additional design 
to be manufactured by MIM with the 
aim of combining natural shapes 
with the shaping possibilities of the 
MIM process (Fig. 2). They stated 
that heat sinks with larger diameters 
will extend the advance in thermal 
resistance, and that the beauty of the 
branched architecture is certainly 
worth thinking about for luminaires 
designed on this principle, combining 
aesthetics and performance.

www.kit.edu  
www.led-professional.com    

Fig. 1 Metal injection moulded copper 
heat sinks after sintering.

Fig. 2 Possible heat sink design based 
on branched architecture.
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International 
conference on 
titanium PM and 
AM seeks abstracts

EPMA launches 2017 Powder 
Metallurgy Thesis Competition

Organisers of the 4th International 
Conference on Titanium Powder 
Metallurgy & Additive Manufacturing 
have issued a Call for Papers. 
The conference series has been 
successfully held in Australia, 
New Zealand and Germany and 
in 2017 will take place in Xi’an, 
China, September 8-10, 2017. The 
conference will be held in the Grand 
New Century Hotel and is hosted by 
the State Key Laboratory of Porous 
Metal Materials, Northwest Institute 
for Non-ferrous Metal Research, 
China.

“The PM Titanium conference 
series has been successfully held 
in Australia, New Zealand and 
Germany in the last 5 years. Now 
we are pleased to host the next 
wonderful conference set for 8-10 
September 2017 in Xi’an, P.R. China. 
It is quite fruitful for the experts in 
PM Ti areas around the world to 
share, discuss and exchange their 
knowledge, understanding and 
experience again. All scholars and 
experts related to titanium Powder 
Metallurgy & Additive Manufacturing 
are welcome to come and attend 
this PMTi 2017 conference,” stated 
Conference Chair, Huiping Tang.

Presentations must be related 
to Powder Metallurgy of titanium, 
preferably focusing on one of the 
following topics:

• Titanium powder production and 
characterisation

• Titanium Powder Metallurgy 
processes

• Titanium Additive Manufacturing 
processes

• Ti-based materials and 
applications

• Titanium Metal Injection 
Moulding

Abstracts should be submitted via 
the conference’s website no later 
than March 15th 2017.

www.tipmam2017.org   

The European Powder Metallurgy 
Association (EPMA) has launched 
its 2017 Powder Metallurgy Thesis 
Competition at both Diploma 
(Masters) and Doctorate (PhD) levels. 
It was announced that the competition 
will become an annual event, 
increasing from the biennial format of 
previous years.

The competition is open to all 
applicants who have graduated from 

We have the capability and commitment to work with you as an 

extension of your company. Please contact us on your next project. 

click here to send a RFQ
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• TEST-CUTS UPON REQUEST

• WORK HOLDING FIXTURE DESIGN

• ISO 9001:2008 CERTIFIED

ISO 9001:2008 Certified | 45 wire EDM machines | 7 high speed small hole machines

www.xactedm.com800-798-9228 
info@xactedm.com
m

a European university and who have 
had their theses approved during the 
2014/2015, 2015/2016 and 2016/2017 
academic years. The subject must 
be classified under the topic Powder 
Metallurgy. Winners will each receive 
a cheque for €750 in the Diploma 
Category and €1,000 for the Doctorate 
category. The thesis submission 
deadline is April 26th, 2017.

www.epma.com   

Lithoz, a leader in the Additive 
Manufacturing of ceramics, has 
announced that it has established a 
new subsidiary in Albany, New York 
State, USA. Lithoz America is a 100% 
subsidiary of Austria’s Lithoz GmbH 
and will be responsible for the entire 
North American market.

The products and services offered 
by Lithoz America are similar to the 
ones offered at the headquarters 
in Vienna. However, Lithoz America 
operates independently on the US 
market. The company states that 
with its location in Albany, customer 
requests from North America can be 
processed in an efficient manner and 
with a very high level of support.

Johannes Homa, CEO of Lithoz, 
stated, “Thanks to local representa-
tion we meet the requirements of 
the American Export Control, which 
enables us to work together with 
our American customers on special 

Lithoz establishes a subsidiary 
in America

materials or application develop-
ment.” Lithoz America also offers 
collaboration in research projects 
and consulting services along the 
entire value chain of the Additive 
Manufacturing of high-performance 
ceramics.

In the area of application 
development in particular, 
Lithoz is expecting a boost in 
innovation thanks to its presence 
in the American market. Johannes 
Benedikt, CTO of Lithoz, added, 
“The Additive Manufacturing of 
ceramics offers many possibilities 
in the field of function-oriented 
design of products. We have noticed 
that our American customers are 
exceptionally open to innovation. 
Lithoz America has set itself the goal 
of being a strong and competent 
partner for the development of new 
applications and materials. With 
our new US Manager Shawn Allan, 

we have found a very competent and 
expert partner for this task.”

Through its foundation, Lithoz is 
expanding its presence in one of the 
most important AM markets in the 
world. The US market represents 
approximately one third of the 
world market for high-performance 
ceramics and covers a number of 
highly interesting industries and 
applications. Amongst others, 
important applications are in the 
aerospace sector (ceramic cast cores 
for turbine drives) and the biomedical 
sector (implants and instruments).

www.lithoz.com   

Lithoz America’s Shawn Allan

http://www.metal-am.com/contact
http://www.metal-am.com/contact
http://www.matrix-mim.com
http://www.xactedm.com
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Do you get sufficient support from your Feedstock Supplier?
Do you get Technical Service Support from A to Z?
PolyMIM, provides you with technical Support until your 
process is finished!

PolyMIM GmbH is a manufacturer, that offers two different binder 
systems for metal injection molding:

• polyPOM – our catalytic binder system
• polyMIM – our water soluble binder system

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

Our portfolio includes products for mass production for the 
telecommunications and automotive industries as well as the high-
end sector with our special alloys.

Please be informed that PolyMIM is participating from 26th to 28th 
of April at the PM China 2017 in Shanghai, China.

You’re Welcome to visit us at our exhibition booth #A125

www.polymim.com

PolyMIM GmbH
Am Gefach
55566 Bad Sobernheim, Germany
Phone: +49 6751 85769-0
Fax: +49 6751 85769-5300
Mail: info@polymim.com

PM CHINA 2017
BOOTH #A125

VISIT US

High powered electronics are increasingly being 
integrated into devices and the excessive heat gener-
ated by the next generation of microelectronic chips 
is not likely to be removed efficiently or economically 
by conventional copper heat sinks. The University of 
Technology Petronas in Perak, Malaysia, has developed 
a unique nanocomposite material based on copper 
reinforced with carbon nanotubes (CNTs) which can 
be processed into high thermal conductivity material 
using Powder Injection Moulding (PIM). Ali Samer 
Muhsan and co-researchers the University of Technology 
Petronas recently reported the results of their work into 
producing the fully dense PIM Cu/CNTs nanocomposites 
in the December 2016 issue of the ARPN Journal of 
Engineering and Applied Sciences (Vol 11, No. 24, 2016, 
pp14294-14298). The authors stated that the most 
attractive features of using the PIM route to produce the 
metal matrix nanocomposite material is that it allows 
the combination of ingredient materials such as copper 
and carbon nanotubes that would not be compatible in 
the molten state and which would be difficult to produce 
into complex shapes via conventional techniques. They 
therefore undertook to study the effect of different PIM 
sintering parameters on the thermal properties and 
microstructural characteristics of the unique Cu-carbon 
nanotubes reinforced nanocomposites. 

The copper powder used had a particle size of 
15-20 µm and the purified multiwalled carbon nanotubes 

Powder injection moulded 
Cu/CNTs nanocomposites 
for efficient heat extraction 
in electronics

have diameter of 60-80 nm and are 5-15 µm in length. To 
produce a homogeneous injection moulding feedstock the 
CNTs were first mixed with a paraffin wax solution diluted 
with heptane and using sonication and magnetic stirring. 
The CNTs/diluted paraffin wax mixture was dried and then 
mixed with the other binder components – polyethylene 
and stearic acid – to produce a molten binder system with 
uniformly dispersed CNTs to which copper powder was 
added gradually to form the Cu-10 vol.%CNTs+binder 
feedstock having a solids loading of 59%. 

Following solvent and thermal debinding to completely 
remove the binder from the green samples, the PIM 
Cu-10vol.%CNTs nanocomposites were sintered under 
argon at different temperatures (900, 950, 1000, 1050°C) 
for 2.5 hrs. It was found that sintering temperature had a 
significant effect on the microstructure of the nanocom-
posites where at a low temperature of 900 and 950°C Cu 
particles were hardly diffused in small contact spots due 
to insufficient kinetic energy required for the densification 
step. However, in the case of sintering at 1050°C the Cu/
CNTs nanocomposites showed near full density micro-
structures with obvious elimination of the formed pores 
and with stable reinforcement phase of CNTs penetrated 
in the Cu. Thus 1050°C and a dwell time of 2.5 hrs was 
selected as the optimal sintering condition.

www.utp.edu.my   

Fig. 1 FESEM micrograph of Cu/10vol% CNTs sintered 
at 1050°C for 150 min. under argon atmosphere (From 
paper ‘Effects of Sintering Parameters on the Micro-
structural Characteristics of Cu/CNTs Nanocomposites’, 
by A.S. Muhsan, etal. ARPN Journal of Engineering 
and Applied Sciences, Vol 11, No. 24 , December 2016, 
14294-14298).

www.tuozhilu.com
Email: sales@tuozhilu.com  |  Phone: 008613823382583

Catalytic Debinding

STZ-600L

• High capacity with fast debinding rates and stable, secure operation 
• Quantitative acid injection and zoning, precise temperature control 

and effective control of debinding rate to prevent deformation and 
cracking 

• Directional gas flow and uniform debinding rates 
• Unique combustion system design to ensure full exhaust gas 

decomposition, meeting environmental standards 
• Fire and explosion prevention technology to ensure safety in 

production
• Simple and convenient operation with automatic process control

STZ-300L

New laboratory furnaces 
from Linn High Therm
Germany’s Linn High Therm has added to its range 
of laboratory furnaces. The company is offering the 
VMK furnace for temperatures up to 1800°C as well 
as the VMK-S and VMK-Vac options suited for up to 
1200°C. Applications include brazing, annealing, ashing, 
tempering, sintering, reducing, pyrolysis etc.

Special features of the furnaces are said to 
include stainless steel housings for use in corrosive 
environments, easy operation, fast heating and fast 
cooling cycles. Fibre insulation is used for lab and 
high temperature furnaces (VMK) with a heat resistant 
gas-tight muffle insert (1.4841/Inconel). A water cooled 
door flange enables protective gas and/or vacuum 
operation (VMK-Vac) in the case of protective gas/vacuum 
furnaces (VMK-S). Linn standard laboratory furnaces are 
available in sizes 1 – 25 l and 0.6 – 5.0 kW.

www.linn-high-therm.de   
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Results of research into the cost effective series produc-
tion of austenitic 316L stainless steel dental implants with 
micro features by Powder Injection Moulding were recently 
published in a paper by T J Ferreira (Centro de Engenharia 
Mecânica da Universidade de Coimbra, Portugal) et al., 
in the Journal of Orthodontics and Endodontics (Vol. 2, 
No.1:21, 2016) and available online at http://orthodontics-
endodontics.imedpub/com. Key to the research effort 
was developing a procedure capable of injection moulding 
complex 3D shapes with micro details below 0.1 mm. This, 
the authors stated, involved coating the micro mould with 
a high hardness and near frictionless thin film of dichal-
cogenides sulphides (W-S-C) which improves the perfor-
mance of the ejection step of the complex shaped moulded 
parts and which minimises the force needed to separate 
the parts from the moulding surface, thereby maintaining 
dimensional accuracy in the moulded part and prolonging 
moulding tool life. Another key aspect was to coat the 
sintered MIM 316L stainless steel implants with nano 
thin films of hydroxyapatite doped with silicon to improve 
bioactivity of the implants and hence osseointegration.

Improved biocompatibility 
of MIM 316L stainless steel 
dental implants with micro 
features

The authors used spherical water atomised austenitic 
316L stainless steel powder having a powder distribution 
of d10 = 2.99 µm, d50 = 7.68 23 µm and d90 = 12.63 µm. 
The 316L stainless powder was mixed with a multi-
polymeric binder based on polyolefin waxes with the best 
powder/binder ratio in the moulding feedstock found to 
be 60:40. An SEM micrograph of the feedstock shows that 
the 316L powders are homogeneously surrounded by the 
binder (Fig.1).

The micro-cavities surfaces of the mould were, as stated 
above, coated with W-S-C using sputtering technology 
which allowed a reduction of around 50% of the force 
needed in the ejection step and to separate the parts from 
the micro mould surface. The moulding surfaces were 
evaluated by SEM and Fig. 2 shows some of the threads 
on the moulded implant surface (a) and the good defini-
tion obtained on the top of the surface cavity of the dental 
implant (b). Fig. 3 gives an indication of the benefit of the 
W-S-C coating on the reduced extraction force needed at 
injection moulding temperatures of 40°C and 65°C.

Thermal debinding of the green parts was done up to a 
maximum temperature of 700°C in 95% Ar-5% H2 atmos-
phere and the brown parts were then sintered in the same 
atmosphere at 1250°C for a holding time of 60 min. During 
debinding and sintering the dental implant parts had a 
shrinkage of 13% up to 14% with a bright surface finish in 
the finished parts. 

In order to improve the biocompatibility and osseointe-
gration of the MIM 316L stainless steel implants, they were 
coated with three different thin films of hydroxyapatite (HA) 
with and without silicon additions. The HA coated implants 
were then subjected to insertion torque tests using a bovine 
rib because its cortical and spongy regions are similar to a 
human mandible bone. The test showed that the MIM 316L 
stainless steel implants were mechanically suitable for this 
application.

www.uc.pt   

Fig. 1 SEM micrograph of the 316L stainless steel 
feedstock (10,000 X). (From paper: ‘Manufacturing Dental 
Implants using Powder Injection Moulding’ by T.J. Ferreira, 
et al. Journal of Orthodontics & Endodontics Vol. 2, 
No. 1:21, 2016)

Fig. 2 Moulding surface analysis (50 X) of (a) implant thread 
and (b) top of the surface cavity of the implant. (From 
paper: ‘Manufacturing Dental Implants using Powder 
Injection Moulding’ by T.J. Ferreira, et al. Journal of 
Orthodontics & Endodontics Vol. 2, No. 1:21, 2016)

Fig. 3 Comparison of extraction force needed for uncoated 
and W-S-C coated tools at different temperatures. (From 
paper: ‘Manufacturing Dental Implants using Powder 
Injection Moulding’ by T.J. Ferreira, et al. Journal of 
Orthodontics & Endodontics Vol. 2, No. 1:21, 2016)
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A Call for Papers has been issued 
for the International Conference 
on Sintering 2017, taking place in 
San Diego, California, USA, from 
November 12-16. Organised by The 
American Ceramic Society, the 
conference is the eighth in a series 
of international events first held in 
1995. It follows previous conferences 
that have taken place in USA, France, 
Korea and Germany.

The conference will address the 
latest developments in the sintering 
and microstructural evolution 
processes for the fabrication of 
powder-based materials in terms 
of fundamental understanding, 
technological issues and industrial 
applications.

Besides its traditional importance 
for the production of structural 
powder components, sintering 
technology is emerging as a leading 
and irreplaceable tool for a variety of 
modern applications. The conference 
will focus on the increasing ability to 
design complex and multi functional 
materials with specific microstruc-
tures and properties. The technical 
programme will include the following 
topics:

• Fundamental aspects of sintering

• Modelling and simulation of 
sintering at multiple scales

• Sintering of multi-material and 
multi-layer systems

• Microstructural evolution in 
sintering processes

• Novel sintering processes 
(field-assisted, laser, etc.)

• Sintering phenomena in Additive 
Manufacturing

• Stress-assisted sintering (e.g. hot 
pressing, Hot Isostatic Pressing 
etc.)

• Sintering of nano-structured 
materials

• Sintering of electronic materials

• Sintering in emerging energy and 
bio applications

• Chemical interactions during 
sintering

• In situ measurements and 
analysis of sintering

A symposium in honour of Prof 
Randall M German’s fifty years 
of contributions to the science of 
sintering is also scheduled to take 
place as part of Sintering 2017. 

International conference on sintering 
heads to California

The deadline for submitting 
abstracts is March 20, 2017. 
The authors of the papers 
presented at Sintering 2017 will 
be invited to submit a manuscript 
for peer reviewed conference 
proceedings. Additionally, a 
number of contributors will be 
invited to submit a manuscript for 
a peer reviewed special section 
of the Journal of the American 
Ceramic Society, based on the 
presentations at Sintering 2017.

www.ceramics.org   
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Metal Injection Moulding: 
Building on solid foundations 
in the medical sector

MIM in the medical sector 

Over the last twenty five years, 
Metal Injection Moulding (MIM) has 
become an increasingly important 
manufacturing technology for the 
medical device industry. MIM’s ability 
to produce high volumes of precision 
components to net-shape has seen its 
use grow from early applications such 
as endoscopic instruments to a huge 
range of both simple and complex 
surgical devices, the next generation 
of medical robotic systems and 
implants with unique properties.

From a historical perspective, it 
was the North American medical 
device industry that first took advan-
tage of the opportunities presented 
by MIM technology. The most recent 
figures that are available from North 
America’s Metal Injection Molding 
Association (MIMA) indicate that the 
combined medical/dental sectors 
accounted for an estimated 32% of 
US MIM shipments in 2015, making 
the sector the largest consumer of 
MIM components by weight shipped. 
Whilst these figures include dental 
applications that are not covered in 
this report, MIM dental components 
account for a small proportion of 
tonnage shipped, primarily because 
of the very small size of orthodontic 
brackets.

These figures contrast with Europe 
where medical applications are esti-
mated to account for between 10 and 
15% of the total MIM market. There 
are, unfortunately, very limited data 
on the breakdown of Europe’s MIM 
market and it should be remembered 
that Europe’s MIM industry evolved 
in a very different direction from that 
of North America thanks to early 
successes in the automotive industry, 
a sector that continues to account for 

the largest proportion of European 
MIM production. In Japan, meanwhile, 
the Japan Powder Metallurgy 
Association reported that in 2015 the 
medical device sector accounted for 
just over 19% of total Japanese MIM 
production by sales value, up 1% from 
the previous year. 

Whilst data for other countries 
and regions remain hard to come 
by, there is broad agreement that 
the medical sector continues to be a 

Fig. 1 MIM has become the preferred technology for many small, high volume 
precision medical device components such as these stainless steel jaws 
(Courtesy CMG Technologies)

The medical sector was one of the first major markets for the Metal 
Injection Moulding industry and in recent decades it has seen a significant 
growth in applications. In the following report Nick Williams reviews the 
continuing development of this important sector, with a specific focus on 
market trends, applications and materials, both regionally and globally. 
Current challenges to further growth are highlighted and industry insight 
is provided from industry experts from Asia, Europe and North America.   

http://www.metal-am.com/contact
http://indo-mim.com/
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market that is rich with potential for 
MIM producers in all world regions. 
Populations are living longer and 
many require greater access to 
healthcare systems that offer an 
ever-growing list of life-saving and 
life-enhancing surgical procedures. 
This feeds into the growing demand 
for cost-effective surgical devices, 
implants and related applications.

Technology awareness and 
regional trends 

Since the first use of MIM in medical 
device applications, the technology 
has advanced dramatically in terms of 
material choice, process control and 
reproducible quality across all end-
user sectors. Today, it has matured to 
the extent that MIM applications can 
be found in the most demanding and 
critical high-performance applica-
tions in a broad range of industry 
sectors, from high-temperature 
aero-engine components to advanced 
automotive and power generation 
applications.

Putting Metal Injection Mould-
ing’s development in the medical 
sector into context, Tom Houck, Vice 
President – Operations at US-based 
MIM producer ARC Group Worldwide, 
Inc., told PIM International, “Since 
the early 1990s, MIM technology 
has seen an increase in awareness 
of the process, especially from the 
medical device industry. When it was 
first introduced, the technology fell 
short of the expectations of product 
designers and R&D engineering with 
most of the issues revolving around 
process control and repeatability. 
Variance from lot to lot processing 
and Cpks were commonplace and 
MIM did not make for a reliable 
alternative process. However, over 
the last twenty five years or so, the 
development of MIM and the improve-
ments to the technology have resolved 
these setbacks.” 

“MIM is now considered to be 
a reliable process with excellent 
repeatability and this has driven the 
growth of MIM in the medical industry. 
It has also allowed designers to 
create products that may otherwise 

not be capable of being produced due 
to the uniqueness of moulding a part 
out of metal instead of machining 
or other types of processes. The 
level of awareness still has room for 
growth, but the success of current 
applications has increased confidence 
in MIM and, as designers move 
from one company to another, they 
are becoming key advocates of the 
technology,” added Houck.

Whilst the growth of MIM in all 
sectors has been dramatic, with the 
industry growing from sales of less 
than $800 million in 2005 to more 
than $2 billion in 2016, the technology 
remains beset by a combination of 
limited awareness and misconcep-
tions about the process and final 
properties. Houck explained, “One of 
key misconceptions of those who have 
a good understanding of MIM relates 
to density. There is still a perception 
that, since the process yields 96% 
plus dense parts, it cannot match the 
properties of wrought material. While 
MIM parts may not be 100% dense, 

they have the capability of performing 
as well as cast or wrought material 
and can replace more expensive 
machined parts.” 

For applications that require 
higher density levels, the Hot 
Isostatic Pressing (HIP) of MIM parts, 
particularly for the medical sector, 

has become a popular and effective 
post-processing solution. In MIM 
medical applications, fine sub-surface 
porosity exposed during machining 
and finishing operations is regarded 
as a harbour for bacteria and the 
elimination of the risk of infection 
in the operating theatre has been a 

Fig. 2 This Stryker surgical tool features a number of different MIM parts. Stryker 
Instruments’ relationship with MIM dates back to 2004 when the company’s first 
MIM part was introduced. Following the successful development of a number 
of additional MIM components, the vertical integration of MIM at Stryker was 
initiated in 2006. The company’s in-house MIM facility was commissioned in 
December 2009 and by the summer of 2010 the manufacturing equipment had 
been qualified (Courtesy Stryker)  [1]

Fig. 3 This hearing aid sound tube won an MPIF Award of Distinction in 
2014. The part is made by Indo-MIM for its customer, Phonak. The part’s 
function is to enhance sound frequency and improve hearing. Manufactured 
from 316 stainless steel, the highly complex part achieves all its features in 
the as-sintered condition, with only glass bead blasting for a better finish 
performed as a secondary operation. Designed for MIM, it is estimated the part 
provides 20% cost savings over competing forming processes and 500,000 parts 
are delivered annually (Courtesy MPIF)

Fig. 4 These two 5 mm tines manufactured by FloMet LLC, an ARC Group 
Worldwide company, won a MPIF Grand Prize in 2014. The tines, one fixed and 
one moving, are used in a thermal tissue fusion and dissection system made 
by ConMed. Fabricated by MIM from 17-4 PH stainless steel, the manufacturer 
overcame many moulding and processing challenges, including the fixed tines’ 
length and thin-rib requirements, as well as the need for straightness over the 
part’s entire length (Courtesy MPIF)

K I T T Y H A W K
P R O D U C T S

w w w . k i t t y h a w k i n c . c o m
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driving force large enough to justify 
the additional cost of HIP, even when 
the elimination of porosity is not 
required to meet mechanical property 
specifications.

“Another misconception is that 
MIM creates parts that have deep 
voids or cracks in them. With the 
advancement of the technology, these 
types of defects can be processed out 
during the validation phase of part 
development. Once the processing 
parameters are locked in and 
monitored, the risk of these defects 
can be significantly reduced or 
eliminated,” stated Houck. 

Commenting on the awareness of 
MIM in the medical sector and trends 
that are driving the adoption of the 
technology, Krishna Chivukula Jr., 
CEO of Indo-US MIM Tec Pvt. Ltd., 
stated, “Internationally, I believe that 
awareness is excellent. However, the 
medical device industry is inherently 
conservative and resists change for a 
variety of reasons. However, attendant 

cost pressures associated with 
aging populations are forcing them 
to evaluate MIM more aggressively. 
That said, I believe MIM’s adoption for 
medical devices is not primarily driven 
by awareness but by the domestic 
environment in which device compa-
nies operate in this environment is 
different in every country.”

North America
The number of Metal Powder Industry 
Federation (MPIF) award winning 
MIM medical components over the 
last decade reflect the importance 
of the technology to the medical 
sector as well as the innovations and 
cost-savings it enables. A selection of 
these parts can be seen in Figs. 3-6, 8 
and 17. Commenting on US market, 
Indo-MIM’s Chivukula stated, “In the 
USA the move to single-use devices to 
reduce liability is forcing components 
to MIM since small complex parts 
can be disposed of after one or 
several uses. Design complexity is 

also forcing more complexity onto 
less component real estate, which 
increases the cost of machining and 
reduces the viability of disposing of 
the component when the industry is 
under cost pressure. The combination 
of higher volumes, cost pressures 
and increasing design complexity 
is pushing more and more medical 
components into the MIM envelope.”

Europe
Manuel Caballero, Technical Director 
at Spain’s Mimecrisa SA believes 
that the different healthcare systems 
in the US and Europe have had 
an impact on the market for MIM 
medical components. “The US has 
private health insurance schemes 
that can pay for more expensive 
operations and the widespread adop-
tion of single-use devices. European 
healthcare, by contrast, is dominated 
by social security systems with 
limited funding and tighter control of 
costs. This is not to say that MIM as 

a technology is unknown in Europe, 
but the scale of the market is much 
smaller and has been typically limited 
to stainless steel medical devices.”

Rachel Garrett, Managing Director 
at the UK’s CMG Technologies, 
believes, however, that the European 
medical device industry is being 
forced to move in a similar direction to 
that of North America, with resulting 
opportunities for the European MIM 
industry. “The medical sector is the 
largest one for us as a company and 
I believe people in Europe as well as 
the US are becoming more aware 
of MIM’s capabilities, even though 
there is still room for improvement. 
Currently around 80% of our products 
are sold in Europe compared with 
17% that are exported to the US. This 
demonstrates both the international 
nature of the MIM supply chain 
and the international appeal of the 
technology,” stated Garrett.

Explaining the evolution of the 
medical device market in the UK, 
Garrett stated, “As a company, we 
work closely with a number of leading 
medical device manufacturers 
who rely on us to provide complex 
parts that cannot be manufactured 
using traditional methods due to 
prohibitive costs or design issues. 
From a UK perspective, guidelines 
published by the National Institute for 
Health and Care Excellence (NICE) 
are insisting that more and more 
medical devices are single-use. This 
is where MIM really comes into its 
own because it is a much cheaper 
option than machining and I believe 
there will be growth in demand for 
popular applications such as keyhole 
surgery and devices used to manage 
diabetes.”

Commenting on the European 
market, Indo-MIM’s Chivukula stated, 
“We do not see volumes increasing 
on medical programs. However, 
opportunities do exist. We are not 
currently seeing the same level of 
pressure on the European medical 
device/instrument market to move 
towards single-use devices. Volumes 
remain low and the industry remains 
conservative on new technology 
adoption, creating barriers for MIM. 
However, multinational corporations 

Fig. 5 Polymer Technologies Inc. received an MPIF Award of Distinction in 2013 
for this stainless steel shuttle used in a smart stapling device for both open and 
minimally invasive arthroscopic surgery. The shuttle incorporates two separate 
components that were previously combined via laser welding. Making this 
intricate, small and lightweight 4.9 g component presented many challenges, 
including the extremely thin walls, tight radii and true position geometries. 
Properties include 7.75 g/cm³ density, 200,000 psi UTS, 160,000 psi yield 
strength, 11-30% elongation and 82 HRB hardness (Courtesy MPIF)

Fig. 6 FloMet LLC, an ARC Group Worldwide company, won an MPIF Grand 
Prize in 2013 for these 17-4 PH stainless steel jaws made for US Endoscopy 
and used in a Raptor™ device. The design is very complex due to its small size 
and thin wall requirements (0.25 mm). The sharp talons and teeth are produced 
net-shape. The parts have >7.5 g/cm³ density, 130,000 psi UTS, 106,000 psi 
yield strength, 6% elongation and 27HRB hardness. Only minimal secondary 
processing (coining to help maintain the alignment of the jaws) was needed. 
MIM is estimated to have saved more than 60% over die casting or machining 
(Courtesy MPIF)
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in Europe are aware of MIM and 
occasionally have the volumes and 
the attitude for MIM programs.” 
Whilst this view on single-use devices 
differs from that of CMG, there is an 
inevitability that a combination of 
pressure from regulatory bodies and a 
growing awareness of the cost-saving 
and design potential of MIM will drive 
this trend. 

Torsten Lenk, Project Engineer, 
GKN Sinter Metals GmbH, Bad 
Langensalza, Germany, told PIM 
International, “MIM Technology 
allows us to manufacture high-tech 
medical devices at an affordable level. 

European companies are, however, 
strongly focused on automotive 
components and they have to transfer 
this knowledge and the related 
standards in process and quality 
management to the medical sector.” 

China
MIM has enjoyed considerable 
success in China in recent years. 
Growth in this region has, however, 
been primarily driven by the IT and 
consumer electronics sectors. 
Commenting on the awareness 
of MIM amongst medical device 
manufacturers in China, PC Chan, 

Research and Development Director 
at Hong Kong-based Zoltrix Material 
International Limited, stated, “The 
awareness of MIM in the Chinese 
medical sector is actually not bad. We 
have received a considerable number 
of enquiries from new customers in 
the medical field. However, the hit 
rate is quite disappointing. Most of 
them are very cost-sensitive and think 
MIM is a much lower cost technology 
than it actually is.” 

Chan also suggested that the 
training of designers might be one 
reason holding back the growth of 
MIM in the Chinese medical device 
sector. “This, of course, means we do 
not see many new product launches. 
We are still struggling in reaching 
this market’s innovative mind.” Chan 
also believes that there is an inherent 
conservatism in matters relating to 
surgery and implant applications in 
China. “Acceptance of MIM in this 
area will be slow moving. The training 
of surgeons, to my understanding, 
is another area that hinders this 
market but this is out of our sphere of 
expertise.”

Commenting on the outlook for 
MIM in the medical sector in China, 
Chan stated, “We are still waiting for 
its turning point, but MIM technology 
is ready. It seems that demand will 
stay flat or grow slowly in the coming 
two to three years. Healthcare for 
the elderly seems to be the major 
battlefield for both China and US with 
high demands and high growth rates. 
I think there is not much difference 
between the two countries in this 
respect.”

Indo-MIM’s Chivulka also believes 
that an aging population, with the 
attendant cost pressures, will create 
more opportunities for MIM. “In China 
there are the same pressures as in 
USA and Japan and there is a plethora 
of medical programs. However, 
imitation of Western designs without 
an understanding of what is actually 
critical to functionality makes the 
medical device market in China a 
‘rough patch to hoe’ in terms of MIM 
new product development. Margins 
in the Chinese medical component 
market are also lower, as medical 
companies there have purchasing 

systems similar to automotive OEMs;  
they operate with larger scales and 
know they have pricing power in 
terms of their purchasing decisions. 
It is a difficult market to operate in. 
However, opportunities do exist for 
the enterprising MIM fabricator with 
engineering resources and a lot of 
patience.”

Materials

The primary materials used for MIM 
surgical instruments and devices 
are 17-4PH, 420 and 440C stainless 
steels, combining high strength, 
good wear and corrosion resistance 
and good biocompatibility. MIM 
316L stainless steel is also very 
widely used, offering high ductility 
with excellent corrosion resistance. 
Nickel-free stainless steel grades are 
available, but less common. In terms 
of orthopaedic implant applications, 
the primary materials are cobalt 
chrome and titanium alloys. As can 

be seen in Fig. 8, MIM tungsten 
components have also been used in 
medical devices. 

The material range available for 
MIM continues to grow and this has 
evolved significantly over the past 
decade. ARC Group Worldwide’s 

Houck stated, “The most significant 
trend in terms of materials is the 
variety available as compared to ten 
years ago. As material feedstock 
development continues to increase, 
new alloys and versions of existing 
alloys are now available for MIM. EMI 

Fig. 7 Swann-Morton, a world leader in the manufacture of surgical 
scalpel blades, handles and disposable scalpels uses CMG Technologies, 
under an exclusivity agreement, to supply almost the complete range of 
the company’s metal surgical handles. Having the handles manufactured 
by MIM has brought many benefits for the company. CMG and Swann-
Morton work closely on the design of the handles to ensure that the parts 
are optimised for the MIM process and the largest handles are 210 mm 
in length. A hollow handle is also in production which is made up of two 
green parts that are the sintered together [2]

MIM in the medical sector MIM in the medical sector 

Fig. 8 These MIM tungsten electrodes are used in a surgical ablation device. 
Tungsten enables the electrodes to reach and maintain their operating 
temperature more efficiently than with other alloys. The parts won a 2016 MPIF 
Award for Flomet LLC, an ARC Group Worldwide company (Courtesy MPIF)
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Magnesium
Metal Injection Moulding appears 
to be an attractive process for the 
production of biodegradable ortho-
paedic implants using magnesium 
alloys. The advantages of MIM’s 
ability to process high volumes 
of complex, net-shape implants 
combines attractively with Mg alloys 
that are able to fully degrade in the 
body into non-toxic elements, whilst 
offering properties matching those of 
human bone.

Research efforts have focussed 
on overcoming the problem of the 
stable oxide layer on Mg powder 
particles, which acts as a diffusion 
barrier during sintering, along with 
the need to prevent additional oxygen 
pick up. To-date researchers have 
used a gas atomised Mg powder 
as the base material and mixed 
this with a gas atomised Mg-10Ca 
master alloy to achieve the desired 
Mg-0.9Ca composition. Satisfactory 
mechanical properties have been 
reported at a porosity level of 4.8%, 
with a tensile strength of 136 MPa 
and 7% elongation at fracture. This 
could be increased to 142 MPa UTS 
and elongation of 8% ±1% and yield 
strength of 67 ±1 MPa by reducing 
the PPcoPE backbone polymer 
amount to 25 wt.% in the binder 
system (Fig. 10) [4].

TiNi shape memory alloys 
The unique properties of TiNi alloys, 
namely shape-memory and super-
elasticity, are applied in a variety 
of application sectors including 
the medical sector. Currently, TiNi 
products and components are mainly 
produced by the ingot metallurgy 
route, for example melt casting, 
hot and cold working, thermal 
treatment and machining. However, 
machining of TiNi is difficult and is 
associated with extensive tool wear, 
and cold working is accompanied 
by high strain hardening, leading 
to expensive intermediate thermal 
treatments. MIM is currently being 
investigated as an alternative for 
the fabrication of TiNi components, 
because it allows net-shape, large 
series manufacture of implant 
components.  

Implants: opportunities and 
challenges

Commenting on the current status 
of the commercialisation of TiMIM 
implants and implantable devices, 
Praxis’s Grohowski believes that the 
technology is qualified and substantial 
manufacturing capacity is available. 
“Praxis has been selling implantable 
TiMIM products in the US market for 
several years. Customer awareness 
is beginning to gain momentum, but 
we are still at the beginning of the 
potential for a very strong growth 
period for TiMIM in implantable 
devices. Currently, at least one OEM 
from each of the relevant medical 

device market sectors is either fully 
engaged in manufacturing products 
via TiMIM or actively evaluating it. In 
December 2016, we put a Masterfile 
in place with the US Food and Drug 
Administration (FDA) and we expect 
this will speed up adoption of the 
technology.”

A critical factor in relation to the 
development and acceptance of TiMIM 
has been the availability of standards. 
Grohowski added, “ASTM F2885 is an 
excellent standard for MIM Ti-6Al-4V 
for surgical implant applications. Our 
qualified process and the Masterfile 
in place with the FDA specifically 
address qualification and biocompat-
ibility concerns. This sets the stage 

shielding materials, soft magnetics 
and exotic alloys can now be formu-
lated for MIM use as well as the most 
widely used stainless steels. This has 
opened the door to new markets in 
the medical device industry that did 
not exist ten years ago.”

Titanium
The high level of R&D activity relating 
to the MIM of titanium and Ti alloys 
has not yet been matched by signifi-
cant market penetration in three key 
target areas, namely the biomedical, 
aerospace and consumer products 

Fig. 13 Tensile data of various aged 
examples of the knee prosthesis 
shown in Fig. 11 (Courtesy Trento 
University and Palloma Mutterlle) [5]

Fig. 11 Prototype MIM knee prosthesis components manufactured by Mimest, 
Italy, from CrCoMo Alloy (ASTM F75). Mimest has worked closely with Trento 
University in the development and testing of these products [5]

Fig. 12 Microstructure of the knee 
prosthesis shown in Fig. 11 (Courtesy 
Trento University and Palloma 
Mutterlle) [5]

Fig. 10 Left: MIM magnesium demonstrator parts made from Mg-0.9%Ca at 
Helmholtz-Zentrum Geesthacht, Germany. Green parts are on the right and 
the as sintered parts are on the left. Right: suture anchor screws produced 
by injection moulding. The lower screw is produced using MIM Mg-0.9Ca 
feedstock and the upper screw made from PLDLA using the same mould [4]

sectors. This is in part related to 
the widely-recognised challenges of 
controlling interstitial contamina-
tion (primarily oxygen and carbon 
content) and achieving consistent 
mechanical properties (yield strength 
and elongation in particular) from a 
TiMIM process. 

The high costs of MIM grade 
titanium powders has also been 
a prohibiting factor behind the 
poor market penetration of TiMIM. 
However, Joseph Grohowski, Presi-
dent of Praxis Technology, explained 
that this was now changing. 

“The growth of titanium Additive 
Manufacturing has driven down the 
cost of MIM grade titanium powders. 
Because most additive techniques 
use particle size distributions 
larger than those used by MIM, MIM 
grade titanium powder has become 
more available and less expensive. 
However, because substantial cost 
differences still remain between 
titanium and stainless steel, the use 
of TiMIM has been limited mostly 
to implantable applications, where 
the cost is more easily offset by the 
demand for biocompatibility.”

Grohowski stated that non-
implantable medical applications for 
titanium MIM are still relatively rare 
and, when titanium is specified, it 
is because of its low weight or MRI 
compatibility, or both. “The availability 
of titanium MIM suitable for surgical 
applications is relatively new. A 
familiar challenge to its acceptance 
is simply the lack of the industry’s 
awareness of the technology’s 
availability and benefits.”

From a European perspective, 
CMG’s Garrett stated, “The real 
barriers preventing further growth 
are in getting MIM titanium approved 
and tested for increased use in 
the medical sector due to current 
regulations. With the medical sector 
facing increasing financial pressures, 
however, I am sure work will be done 
by manufacturers to overcome these 
barriers because MIM offers so many 
benefits, especially in the fact that 
there are no scrappage costs. As the 
sector seeks greater efficiencies, I 
believe further growth will happen in 
the future.”

Grohowski cautioned that those 
looking to develop applications need 
to consider the specialist nature of 
the processes and materials involved. 
“Another familiar challenge are 
organisations purporting to do TiMIM 
and giving the technology a bad name 
by failing to deliver. A savvy purchaser 
would ask to learn about a supplier’s 
qualification of the TiMIM process and 
the resulting process capabilities. 
If a supplier cannot produce these 
numbers, they cannot produce TiMIM 
parts suitable for surgical or implant-
able applications,” he stated.

MIM in the medical sector MIM in the medical sector 

Fig. 9 MIM Ti-6Al-4V parts manufactured by Silcon Plastic, Italy, and used in 
an adjustment system of a knee rehabilitation system. These two MIM Ti alloy 
parts weigh just 45.8 g compared to 80.4 g for the equivalent stainless steel 
parts [3]
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for the successful adoption of the MIM 
version of this alloy by the medical 
device industry. ASTM F2989 is also 
in place for MIM of unalloyed titanium 
for surgical implant applications. 
While unalloyed materials are not 
nearly as common as Ti-6Al-4V 
materials, the combination of these 
two specifications covers virtually 
all of the commercial implantable 
applications that are suitable for MIM 
processing. Both of these standards 
were written in the context of surgical 
implants, but they are suitable for 
non-implantable medical devices as 
well.”

From a European perspective, 
Ecrimesa’s Caballero stated, 
“Implants are the next generation 
of MIM medical applications and, 

applications, again due to stringent 
regulations about materials that 
can be used. I do believe this is 
an area where MIM could be used 
successfully once the existing 
barriers have been overcome and 
the use of different materials gains 
accreditation.”  

Porous titanium implants
Whilst MIM titanium has significant 
potential in terms of medical device 
manufacturing, the technology 
has also emerged as an attractive 
processing route in the manufacture 
of implants with controlled porosity. 
This can be achieved by using a 
feedstock that includes titanium 
and space holder powders blended 
with a binder. Sodium chloride or 
potassium chloride salts have been 
demonstrated as space holder 
material thanks to their stability at 
MIM temperatures and pressures. 
After injection, the green implant is 
debound, desalinated and sintered. 
Such implants can offer benefits 
such as improved osseointegration. 

Other routes to porous titanium 
surfaces via MIM include the use of 
sacrificial inserts to form structures 
during injection moulding. The 
inserts can be made by Additive 
Manufacturing, so the freedom of 
geometry is very high. The inserts 
are placed in the mould and the 
feedstock is injected around and 
into the part. After moulding the 
insert is removed in a similar way to 
spaceholders in porous materials 
and the part is sintered. This process 
is also suitable for providing special 
surfaces, for example in terms 
of roughness. Fig. 15 shows an 
example of an ingrowth surface (left) 
along with a close-up view (right) 
manufactured using this route [7]. 

Long-standing 
misconceptions 

As MIM technology has matured, 
production processes have been 
refined and quality concerns 
addressed. As with all manufac-
turing processes, however, quality 
issues may remain a concern for 

some end-users, perhaps as a result 
of poor initial experiences with a 
producer that failed to deliver, or the 
troubled production of a component 
that had not been suitably designed 
for the MIM process.  

ARC Group Worldwide’s Houck 
stated, “Quality concerns remain 
an issue for those not fully aware 
of the capabilities of MIM. This can 
be easily resolved with the use of 
process FAI, IQ, OQ, PQ and PPAP 

validations. The key is being able to 
relay these capabilities to individuals 
who have quality concerns. Competi-
tion has grown, especially in the last 
ten years, and low cost countries are 
having an impact on domestic US 
MIM production as some medical 
companies become more and more 
price sensitive, especially with 
legacy parts. Also, if a medical 
device company moves its operation 
overseas they tend to want to source 

Fig. 17 Smith Metal Products, USA, won an MPIF Award of Distinction in 2014 
for this MIM 17-4 PH stainless steel shaft assembly used in a novel single-use 
surgical instrument for passing suture through difficult-to-reach tissue. The 
shaft is 180 mm in length and was produced in two parts before laser welding 
them together. Finish processes include machining, ID reaming, heat treating, 
sand blasting and passivation. MIM was four to five times cheaper than Swiss 
CNC machining (Courtesy MPIF)

Fig. 14 Prototype spinal implant cages with dense core and porous surface 
manufactured by MIM Forschungs Zentrum Juelich GmbH, Germany [6]

MIM in the medical sector MIM in the medical sector 

Fig. 15 An example of an ingrowth surface (left) along with a close-up view (right) (Courtesy Praxis Technologies) [7]

whilst Europe’s R&D institutions 
are playing a leading role in the 
development and evaluation of the 
technology, there is, at this stage, 
a lack of knowledge among MIM 
producers and designers on how to 
develop these applications. Titanium 
is, of course, of great interest here, 
but work is also well advanced on 
the MIM of magnesium implants, 
which offer the advantage of being 
able to be dissolved by the body 
after the necessary function has 
been performed, reducing the need 
for a second operation to remove a 
temporary implant.”

Many companies are concerned 
about the legal regulations and 
risks associated with a move to 
the production of MIM implantable 

devices. As with all implant-related 
technologies, there is concern 
about the difficulty in estimating the 
amounts that could be involved in 
potential lawsuits. This concern is 
by no means limited to MIM parts 
producers, with some feedstock 
suppliers being unwilling to approve 
the use of their materials in such 
applications for fear of lawsuits in 
the future. 

Commenting on the existing 
barriers to the increased use of 
MIM for implantable devices and 
fracture/fixation applications, ARC 
Group Worldwide’s Houck stated, 
“Materials are the key issue here. 
Implantable grades of materials will 
drive the increase in this market 
sector. Titanium, cobalt chrome 
and other long-term implantable 
materials need to be developed. 
While some MIM companies offer 
these materials, the majority do 
not. The development and cost 
of producing these materials are 
hurdles to entry into the markets, 
especially with titanium. The 
orthopaedic market is growing as 
the population continues to live 
longer and orthopaedic companies 
are aware of MIM and its capabilities; 
however, materials - and to some 
extent the size of these devices - 
push the capabilities of the MIM 
process.” 

CMG’s Garrett stated, “At the 
moment, not many companies are 
exploiting MIM for implantable 
devices and fracture/fixation 

Fig. 16 A titanium dental implant demonstrating a porous central region for 
tissue ingrowth (National Research Council of Canada) [8]
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a local supplier. However, we have 
seen a resurgence in on-shoring due 
to quality issues with some low-cost 
country suppliers. It will be important 
for domestic US MIM suppliers to 
increase their capabilities through 
innovation to stay ahead of the 
curve.”

“Most medical device companies 
are focused on quality. They are 
looking for MIM suppliers that can 
meet their validation requirements 
and produce quality product 
consistently. They are also looking 
for MIM suppliers that can add 
value by early development input 

in order to make the part more 
suitable for the MIM process and to 
improve the performance of the part 
and final product’’, added Houck.

Indo-MIM’s Jag Holla, VP 
Marketing North America, 
stated that whilst most of the 
large to medium medical device 
manufactures in US and China are 
aware of the MIM process and its 
advantages, there is still a lot of 
apprehension about the strength 
of the MIM components for the 
given application. “Many design 
engineers do not fully understand 
the limitations of the MIM process in 
terms of wall thickness, component 
length ratios etc. Hence, developing 
an optimum MIM design for medical 
applications is still the responsibility 
of MIM producers.”

Holla added, “Quality concerns 
do exist in relation to MIM and 
the medical sector is yet to gain 
the total confidence with the MIM 
process for it to use the process 
on a larger scale. Also, limited 
international material and testing 
standards are a cause for concern 
and currently most of the larger 
players develop their own internal 
standards for MIM applications. 
Material availability is not a major 
concern. However, a lack of MIM 
powders for applications that use 
Nitinol, Stainless Steel 465 (a 
martensitic, age-hardenable alloy 
that offers high strength, toughness 
and corrosion resistance) and 
implant grade titanium are some of 
the hurdles for the growth of MIM in 
the medical device market.”

Chee-Hoo Liang, Director, 
Business Development & 
Technology, AMT, Singapore, 
stressed the fact that, across all 
end-user sectors, there remains 
a very poor understanding of the 
design criteria and achievable 
tolerances for MIM components. 
“The MIM user needs a better 
understanding of the dimensional 
tolerance that MIM can provide as 
compared to the machining process. 
Also, standards and biocompatibility 
data will help to further promote the 
growth of MIM in the medical device 
sector.”

Unique aspects of the 
medical market

The medical device sector has a 
number of unique requirements 
including sector-specific standards, 
biocompatibility, complex component 
design, hygiene and quality. There 
are also identifiable trends such as 
a high level of innovation, stability 
of order volumes and speed to 
market. ARC Group Worldwide’s 
Houck stated, “The medical device 
industry is a steady growth market 
that doesn’t have the sharp ups and 
downs of other markets that are 
consumer driven. Technology is the 
key factor for growth. Medical device 
companies are looking for new and 
innovative products continually and 
MIM allows greater freedom in design 
and creativity. Speed to market will 
be important in the growth of MIM as 
innovation drives the medical device 

technology forward. Those MIM 
companies that can add value through 
speed to market will benefit the most. 
Healthcare will always be an ongoing 
market and with developing countries 
also seeking to improve their quality 
of healthcare, this global market only 
adds to the possibilities for MIM and 
its role in healthcare.”

Comparing the medical device 
sector with other major MIM markets 
such as automotive, Indo-MIM’s 
Chivulka stated, “To some, automo-
tive and medical are worlds apart. 
However, at Indo-MIM we look at 
automotive as the path to medical. 
Advanced Product Quality Planning 
(APQP) practices drive process 
development and risk mitigation on 
development programs. Medical 
customers are rarely experts in APQP, 
which is why you see a significant 
and steady hiring of engineers with 
automotive APQP experience in the 

medical device industry. We train our 
engineers in automotive and then 
graduate them to medical.” 

“Another key difference is verti-
calisation. Indo-MIM operationalised 
its medical component business as 
a completely separate vertical within 
the company. This means dedicated 
engineering resources, dedicated 
quality engineers, dedicated floor 
space and dedicated capacity. 
Medical MIM is a factory within a 
factory at Indo-MIM and we bring a 
focused approach that we believe our 
customers appreciate.” 

Thanks to the nature of many 
medical applications, MIM producers 
are frequently able to add value as 
suppliers through additional services 
such as product sub-assembly, laser 
welding and plastic over-moulding. 
Indo MIM’s Suresh Kumar Sivaraman, 
Sr. Manager, Operations, commented, 
“We have been backward integrating 

MIM in the medical sector MIM in the medical sector 

Fig. 18 Image of the inside of the 
check valve in operation, above is 
when it is ‘stopped’ and below is 
when it is ‘flowing’

Fig. 19 Appearance and inner struc-
ture: the thickness of 0.2 mm is only 
possible with MicroMIM [9]

In recent years micro component 
manufacture by metal or ceramic 
injection moulding (MicroPIM, 
MicroMIM, MicroCIM, µMIM 
etc.) has become an important 
economic and technical field. 
Injection moulding in particular 
is used for the production of both 
individual micro components with 
typical dimensions of ≤ 1 mm 
as well as microstructured 
components, that is to say micro 
or even nanoscale structures 
on larger carrier surfaces. MIM 
technology offers very high 
economic efficiency in the case 
of medium and large series 
production of such components. 

One example for the medical 
sector is a check valve that 
normally allows fluid, be it liquid or 
gas, to flow through it in only one 
direction. In some check valves a 
spherical ball is used to block or 
release the flow. Japanese MIM 
producer Taisei Kogyo Co. Ltd.
has introduced what the company 
claims is the world’s smallest 
MIM-made metal check valve. 
The check valve has a diameter 
of just 2.4 mm and wall thickness 
of 0.2 mm, which is considered to 
be the limit of conventional MIM 
technology.

The function of this MicroMIM 
check valve component is to 
control the flow of blood to the 
heart. However, the design 
is not limited to just medical 
applications. Fig. 18 shows the 
internal structure of the check 
valve and its operation in the 
‘stopped’ and ‘flowing’ states. 

Fig. 19 shows the MicroMIM check 
valves inner design. 

Taisei Kogyo reports that 
it has been successful in the 
series production of these small 
parts thanks to its many years 
of experience in MicroMIM 
technologies. The company states 
that such a complex shape would 
be impossible to machine and 
some of the internal features 
would also be impossible without 
Metal Injection Moulding.

Micro components: Opportunites for the 
downsizing of medical devices with MicroMIM 

Fig. 20 Four components used in this surgical retractor are produced by Metal Injection Moulding (Courtesy Arburg 
GmbH + Co KG)
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many MIM processes to provide 
better service to the customer. Most 
of our medical related post-sintering 
processes are now done in-house 
rather than being outsourced. MIM 
companies can improve the value 
chain by also moving into sub-assem-
blies. We at Indo-MIM added plastic 
injection moulding to support the 
manufacture of complete assemblies 
and other processes, such as laser 
welding and sterilisation, are in the 
pipeline.”

The medical device industry itself 
is also evolving and is becoming 
much more international in nature. 

Indo-MIM’s Chivulka commented, 
“Medtronic’s acquisition of Covidien 
showed that there is consolidation at 
the international level and I am sure 
that due to cost pressures in OECD 
counties there will be additional 
consolidation at the Tier 1 / Tier 2 
level internationally as well. Cost 
pressures will drive this consolidation 
and improved designs to reduce cost 
will increase component complexity, 
playing into the hands of MIM.”

ARC Group Worldwide’s Houck 
also recognises a globalisation 
of the MIM supply chain, stating 
“Component development has 

remained regional for the most part, 
with manufacturing more likely to be 
done internationally. However, many 
US MIM companies sell to divisions 
of US medical companies located all 
around the world. We have also seen 
an increase in international device 
manufacturers approaching US MIM 
companies for the development 
and manufacturing of MIM parts 
and devices. If the technology fits, 
location is really not an issue.”

The importance for 
end-users to be MIM aware

Metal Injection Moulding offers the 
medical sector huge opportunities 
to develop and manufacture medium 
to high volumes of precision 
medical products. All MIM part 
producers around the world will 
agree, however, that critical to the 
success of MIM in such applications 
is an awareness of the technology’s 
unique design criteria. 

If a designer does not have a 
good understanding of designing for 
MIM, it will pay dividends to discuss 
designs with a MIM company in 
order to adapt the design for the 
most efficient MIM production. 
Allowing changes to a part’s design 
can prevent a number of challenges 
later on in the process. Design 
considerations may include allowing 
a flat surface for sintering, adding 
sacrificial supports for complex 
geometries, paying attention to 
wall thicknesses and radii. Basic 
design guidelines are available from 
most MIM manufacturers, Powder 
Metallurgy trade associations and 
the PIM International website.  

Outlook

The Metal Injection Moulding 
industry is well positioned to take 
full advantage of the trends and 
challenges in the medical sector. The 
drive towards single-use surgical 
devices, combined with an increasing 
elderly population worldwide, will 
see production volumes and cost 
pressures continue to rise. This 
combination is expected to result in 

the growing use of MIM technology. 
In addition, the opportunities for MIM 
implants are expected to result in the 
creation of a distinct and high-value 
market segment for MIM producers. 

Indo MIM’s Chivulka stated, 
“There is nothing holding the MIM 
industry back. Overall, globally the 
wind is behind MIM’s sails when 
it comes to driving growth in this 
market. Challenges are local and 
a MIM company has to adopt its 
product development engines to 
adapt to the different requirements 
of specific geographic markets. 
However, engineering resources are 
the most critical factor in putting 
medical programs into production. If 
you have them you can scale, if you 
don’t then it is a slog. Awareness is 
still a challenge, however, and while 
it has improved significantly the MIM 
industry needs to drive awareness 
throughout the medical arena. Those 
in the medical devices sector that 
are using MIM technology are the 
best advocates; however, the next 
generation of development and design 
engineers also need to be educated in 
the technology.”

AMT’s Liang stated, “For MIM 
medical, I think the future is bright. 
More applications are being explored 
with MIM technologies, for example 
in robotic surgery systems and 
diagnostic applications. The range 
of materials will also expand, with 
the use of precious materials such 
as platinum and MP35N materials 
being used in MIM medical implant 
applications.”

Indo-MIM’s Holla concluded, “We 
are very optimistic about the future 
in this area. The industry is moving 
fast towards single-use instruments 
which opens large opportunities for 
the MIM industry. Single-use concepts 
demand cheaper components as well 
higher volumes - and high volumes 
of lower-cost complex metal parts is 
MIM’s domain. The medical device 
industry has opened large potential 
for growth, similar to consumer 
electronics in the last fifteen years. 
Volumes may not be comparable to 
consumer electronics, nevertheless 
the applications that are growing are 
helping the industry to mature.”
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Asian Powder Metallurgy 
Association 
www.apma.asia

European Powder Metallurgy  
Association 
www.epma.com

Global Powder Metallurgy Property 
Database 
www.pmdatabase.com

Japan Powder Metallurgy 
Association 
www.jpma.gr.jp/en/

Metal Injection Moulding Association  
www.mimaweb.org

Metal Powder Industries Federation 
www.mpif.org

MIM Expert Group (MIM 
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www.mim-experten.de
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Standards for Metal Injection 
Moulding: Progress to-date and 
future challenges 

MIM standards

Metal Injection Moulding can 
today be considered as a maturing 
manufacturing technology for small, 
complex shaped metal components. 
A broad spectrum of materials is 
available for MIM production and 
a number of steels, titanium and 
titanium alloys, nickel superalloys 
and an increasing number of special 
materials such as copper, cobalt-
chromium or tungsten are qualified 
for MIM. The need for new materials 
is primarily driven by upcoming 
applications in the automotive, 
aerospace and medical sectors. In 
order to help designers, engineers, 
manufacturers and customers to 
choose one manufacturing process 
over another for these new applica-
tions, it is very helpful if a reliable 
basis for comparison is available. 
Standardisation is an essential 
process to provide such a database 
of typically attainable results. Some 
of the first international standards 
for MIM were established several 
decades ago and as technologies 
are constantly being modified 

and improved, with the range of 
usable materials steadily growing, 
standardisation is a continuously 
ongoing process. The aim of this 
article is to give an overview of the 
current situation in regards to MIM 
standards along with standardisation 
activities worldwide.

The present situation

MIM is today a €2 billion global busi-
ness and many success stories have 
been reported in terms of both the 
technical performance and economic 
advantages of MIM components. 
Nevertheless, trust in MIM technology 

Fig. 1 International standardisation activities on Metal Injection Moulding
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technology has steadily increased. In the following exclusive report 
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Marco Mulser and Prof Dr Frank Petzoldt review progress to-date, 
summarise existing standards for MIM technology and consider 
the challenges that lie ahead in order to support the growth of new 
markets and applications.
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among component designers seems 
to remain rather limited. The ques-
tions are why it is like this and how 
can we overcome this scepticism?

Firstly, there is a critical need to 
educate part designers at end-user 
companies in general information 
about MIM technology, since a lack 
of knowledge is often discernible 
amongst this group. A number of 
regularly organised workshops in 
the US, Asia and Europe address the 
need to train engineers and topics 
typically include an introduction 
to the fundamentals of the MIM 
process chain, the handling of metal 
powders, MIM design rules, quality 
control and material properties. The 
next MIM workshop organised by 
the European Powder Metallurgy 
Association (EPMA), as an example, 

takes place from June 1-2,, 2017, in 
Ludwigshafen, Germany. Additionally, 
information on the capabilities of MIM 
is still not widely included in university 
lectures for engineering students on 
manufacturing and material science 
courses.

Additionally, increased trust in a 
manufacturing technology always 
goes hand in hand with the availability 
of reliable information on material 
properties and achievable tolerances. 
Definitive standards also, of course, 
protect against and eliminate 
misunderstandings between a 
manufacturer and a purchaser and 
help to support end-users in selecting 
the most suitable material for a 
particular product or application. 
Therefore, it is critical to be able to 
rely on industry standards.

Fig. 1 gives an overview of MIM 
standardisation activities worldwide 
over the last three decades. The 
first standardisation activities for 
MIM were initiated in the US by the 
Metal Powder Industries Federation 
(MPIF) during the early 1990s. The 
outcome was a separate edition 
of MPIF Standard 35, published in 
1993, that focused on MIM materials. 
In addition to the edition relating 
to MIM, Standard 35 includes 
editions covering structural parts by 
conventional Powder Metallurgy, PM 
self-lubricating bearings and steel 
components made by Powder Forging. 
In the years since, the MPIF has 
published further standards dedicated 
to MIM that relate to MIM terminology 
and specifications for testing MIM 
materials.

ASTM International, formerly the 
American Society for Testing and 
Materials, has published four MIM 
standards, with the first being issued 
in 1997. The focus of all four ASTM 
standards was on material properties 
including steels, titanium and its 
alloys and cobalt-chromium.

In Europe, the first activities on 
MIM standardisation also started 
around twenty five years ago with 
significant input from the EPMA’s 
EuroMIM Working Group and 
Germany’s MIM–Expertenkreis. In 
1996, the International Organization 
for Standardization (ISO) Technical 
Committee TC 119 for Powder 
Metallurgy founded a working group 
WG 5 within the subcommittee SC 5 
that was dedicated to MIM. Its work 
resulted in ISO standard 22068, 
issued in 2012 and specifying physical 
and mechanical properties for typical 
MIM materials. In addition, in the 
mid-1990s, a tensile test specimen 
suitable for MIM was introduced and 
added to the ISO 2740 standard which 
specifies tensile test pieces for PM 
technologies. 

After the American National 
Standards Institute (ANSI) notified the 
committee of its decision to relinquish 
the secretariat for the subcommittee, 
the work of SC 5 was terminated in 
May 2015. The responsibility for MIM 
standardisation was transferred to 
TC 119. At that time there was no 
strong support from the international 
MIM industry to continue with the 
work. Obviously, there were a number 
of other organisations covering the 
tasks, in particular the MPIF with its 
activities on Standard 35, which it 
continuously reworked and updated.

Several countries such as the 
UK, Germany, Italy, Spain and Brazil 
have taken action to set up national 
standardisation activities in their 
own language, mainly by referring 
to the MPIF, ASTM or ISO standards, 
respectively. As an alternative or 
supplement to standardisation, MIM 
material property data is also avail-
able in the Global Powder Metallurgy 
Database (www.pmdatabase.com), 
which is a combined effort of the 
three major international industry 
associations; MPIF, EPMA and the 

Table 1 Overview on global MIM standards

MPIF 
(Metal Powder Industries Federation)

• Established in the 1940s

• Headquarters in Princeton, New Jersey, USA

• Scope: Promoting the PM technology as well 
as developing the essential standards and 
testing methods for the metal powder producing and consuming 
industries

• Members: Representatives of six trade associations for Metal 
Injection Molding (MIMA), Powder Metallurgy Parts (PMPA), 
Metal Powder Producers (MPPA), Powder Metallurgy Equipment 
(PMEA), Refractory Metals (RMA), Isostatic Pressing (IPA)

ASTM International 
Committee B 09
(Formerly American Society for Testing and 

Materials/Committee B 09)

• Established in 1944

• Headquarters in West Conshohocken, 
Pennsylvania, USA

• Scope: Formulation of specifications and methods of test for 
metal powders and metal powder products

• Members: Representatives of different stakeholders (companies, 
universities, research organisations etc.)

• Presently about 75 members

ISO Technical Committee  
TC 119
(International Organization for Standardization/

TC 119)

• Established in 1966

•  Secretariat at the Swedish Standards Institute in Stockholm, 
Sweden

•  Scope: Standardisation in the field of Powder Metallurgy within 
several subcommittees (SC) and working groups (WG)

•  Members: Representatives of several national standardisation 
organisations, each member organisation may nominate experts 
for committees and working groups

• Presently 12 participating countries and 19 observers

•  Work of subcommittee SC 5 for Specifications for Powder 
Metallurgical Materials (excluding Hardmetals) with its working 
group WG 5 on Metal Injection Moulding Materials was founded in 
1996 and terminated in 2015. Responsibility for standardisation on 
MIM was transferred to TC 119.

Fig. 2 The main bodies active in the development of international MIM 
standards

Area Organisation Standard Title

Terminology MPIF Standard 64 Terms Used in Metal Injection Moulding

MIM 
Materials

General

MPIF Standard 35 Materials Standards for Metal Injection Moulded Parts

ISO 22068 Sintered Metal Injection Moulded materials - Specifications

ASTM B883 - 15
Standard Specification for Metal Injection Moulded (MIM) 
Materials

Ti ASTM F2989 - 13
Standard Specification for Metal Injection Moulded 
Unalloyed Titanium Components for Surgical Implant 
Applications

Ti-6Al-4V ASTM F2885 - 11
Metal Injection Moulded Titanium-6Aluminum-4Vanadium 
Components for Surgical Implant Applications

Co-28Cr-6Mo ASTM F2886 - 10
Standard Specification for Metal Injection Moulded Cobald-
28Chromium-6Molybdenum Components for Surgical 
Implant Applications

Ni SAE AMS 5917
Metal Injection Moulded Nickel Based Alloy 718 Parts Hot 
Isostatically Pressed, Solution and Aged

Testing

ISO 2740
Sintered metal materials, excluding hardmetals - Tensile 
test pieces

MPIF Standard 50
Preparing and Evaluating Metal Injection Moulded (MIM) 
Sintered/Heat Treated Tension Test Specimens

MPIF Standard 59
Method for Determination of Charpy Impact Energy of 
Unnotched Metal Injection Moulded (MIM) Test Specimens

MPIF Standard 62
Determination of the Corrosion Resistance of MIM Grades of 
Stainless Steel immersed in 2% Sulfuric Acid Solution

MPIF Standard 63
Density Determinations of MIM Components  
(Gas Pycnometry)
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Japan Powder Metallurgy Association 
(JPMA). The number of MIM data sets 
is, however, still rather limited at the 
moment.

The standards that have been 
published so far can be divided into 
three areas of MIM; terminology, 
materials and testing. Table 1 gives an 
overview of the available international 
MIM standards, excluding national 
standards, that were adapted from the 
ones listed. The following paragraphs 
comprise short summaries of the 
main content of each standard to 
give a condensed overview about the 
current situation of MIM standardisa-
tion.

Terminology

Precise terminology is an important 
factor for a successful relationship 
between a MIM part manufacturer 
and its customer. It simplifies 
communication and avoids misun-
derstandings between both parties. 
There was a need to establish a 
standard exclusively dedicated to 
MIM terminology because of the fact 
that there are several terms and 
expressions that differ from other 
manufacturing technologies such 
as machining, forging and casting. 
The terminology also differs from the 
already specified standard terms for 

related manufacturing technologies, 
such as Powder Metallurgy (specified 
in MPIF Standard 9 and ASTM B243) 
or Plastic Processing (ASTM D883).

MPIF Standard 64
The purpose of MPIF Standard 64 
is to ensure consistency of usage 
and the proper understanding and 
precise interpretation of MIM related 
terminology. This includes definitions 
of those terms that are necessary for 
the interpretation and application of 
MIM. The standard contains relevant 
terms for powder particles char-
acteristics (for example, spherical 
powder, irregular powder, specific 

surface area, particle size distribu-
tion, tap density), terms for each 
process step along the process chain 
(mixing, compounding, moulding, 
pre-sintering etc.) and terms for key 
process parameters (for example, 
solids loading, melt temperature, hold 
pressure, shrink factor). 

Definitions for the name of a MIM 
part at various stages of the process 
(green part, brown part, sintered 
part etc.) and the terms for typical 
MIM part defects that occur due to 
improper processing (jetting, flash, 
weld-line, sink, slumping, void, 
blister, crazing etc.) as well as terms 
for MIM material characteristics 
(for example density, interconnected 
porosity, closed porosity) are also 
covered.

MIM materials

The standardisation of materials and 
their properties is essential in order 
to obtain reliable component perfor-
mance. To define material properties, 
the concepts of minimum property 
values and typical property values are 
useful, as described in Fig. 3. Three 
standards have been published that 
give a generic overview on common 
MIM materials. An example of speci-
fied minimum values of mechanical 
properties is given in Table 2. Further 
standards concentrate on require-
ments in particular for titanium and 
its alloys, cobalt-chromium and 
nickel-based alloys.

MPIF Standard 35
This standard covers several aspects 
of Powder Metallurgy, including 
structural parts made by conventional 
press-and-sinter technology 
(Materials Standard for Structural 
Parts), bearings and bushings made 
by PM (Materials Standard for PM 
Self-Lubricating Bearings), steel 
components made by Powder Forging 
(Materials Standard for P/F Steel 
Parts) and for components made by 
MIM (Materials Standard for Metal 
Injection Molded Parts). 

The edition on MIM is divided 
into three subsections; explanatory 
notes and definitions, data tables in 

inch-pound units and data tables in SI 
units. The first section describes the 
relevant terms which are necessary 
to understand and use MIM compo-
nents. It additionally includes terms to 
define chemical composition, density 
values, mechanical properties, 
corrosion resistance, soft magnetic 
properties and thermal properties. 
Section two and three are divided into 
subsections based on various types of 

common MIM materials in commer-
cial use including low alloy steels 
(MIM-2200, MIM-2700, MIM-4140, 
MIM-4605), stainless steels (MIM-
316L, MIM-420, MIM-430L, MIM-440, 
MIM-17-4PH), soft magnetic alloys 
(MIM-2200, MIM-Fe50Ni, MIM-Fe3Si, 
MIM-Fe50Co, MIM-430L), controlled 
expansion alloys (MIM-F15) and 
copper (MIM-Cu). 

For each MIM material, values for 
chemical composition, density and 
mechanical properties are provided 
with or without subsequent heat 
treatment. If relevant for the listed 
material, physical properties such 
as corrosion resistance (stainless 
steels), magnetic properties (soft 
magnetic alloys), coefficient of 
thermal expansion (controlled 
expansion alloys and copper) and 
thermal conductivity (copper) are 
given. Both minimal values as well as 
typical values are listed in inch-pound 
and SI units. The standard is regularly 
reviewed and updated, with the latest 
version being published in 2016.

ASTM B883-15
A standard for MIM materials has 
also been issued by ASTM denoted 
B883-15 – Standard Specification 
for Metal Injection Molded (MIM) 
Materials. The ASTM standard 
was adapted from MPIF Standard 
35 and uses the same MPIF MIM 
nomenclature system but covers 

fewer materials, containing only data 
on low-alloy steels, stainless steels 
and copper.

ISO 22068
This standard does not apply to 
structural parts manufactured by 
other Powder Metallurgy routes such 
as press-and-sinter or powder forging 
technologies. It is solely dedicated 
to providing necessary information 

for specifying materials in MIM 
components. Terms as well as test 
and measurement specifications for 
chemical composition, density, tensile 
properties, magnetic properties, 
hardness and corrosion resistance are 
defined. The MIM material require-
ments for chemical composition, 
mechanical and physical properties of 
low-alloy steels (MIM-Fe2Ni, MIM-
Fe2NiC, MIM-Fe8Ni, MIM-Fe8NiC, 
MIM-4140, MIM-4340, MIM-4605, 
MIM-52100), stainless steels (MIM-
316L, MIM-430, MIM-17-4PH), soft 
magnetic alloys (MIM-Fe2Ni, MIM-
Fe3Si, MIM-Fe50Ni, MIM-Fe50Co, 
MIM-430), titanium and Ti-6Al-4V are 
specified with, as well as without, 
subsequent heat treatment.

Titanium and titanium alloys

Titanium and its alloys are of special 
interest for medical and aerospace 
applications in particular. It is 
estimated that the current global 
market for titanium MIM components 
is no more than 1% of total produc-
tion. These are often, however, very 
demanding high value applications 
that demand standards to be in place. 
To-date, there are several standards 
dealing specifically with surgical 
implants. For MIM aerospace applica-
tions, there are no specific standards 
for titanium currently available.

MPIF Standard 35 ISO 22068

UTS
[MPa]

Yield 
strength 

[MPa]

Elongation
[%]

UTS
[MPa]

Yield 
strength 

[MPa]

Elongation
[%]

MIM-4605 380 170 11 380 170 11

MIM-4605 (heat treated) 1480 1310 <1 1480 1310 <1

MIM-316L 450 140 40 450 140 40

MIM-430 350 210 20 350 210 20

MIM-17-4PH 790 650 4 800 650 3

MIM-17-4PH (heat treated) 1070 970 4 1200 1000 2

MIM-Ti not specified 500 400 5

MIM-Ti-6Al-4V not specified 800 600 3

Table 2 Minimum property values for common MIM materials (according to MPIF Standard 35 and ISO 22068)

Minimum value concept

Material standards as, for example, in MPIF Standard 
35 and ISO 22068, provide minimum values on physical 
and mechanical properties for the listed materials. The 
minimum values display properties achieved under 
commercial manufacturing procedures. Enhanced 
mechanical properties and other improvements in 
material performance characteristics may be attained 
through improved and optimised processing. 

The minimum values may be used to determine the 
material best suited to the particular application as 
it is manufactured. This makes it possible for the 
user to select and specify the exact MIM material and 
properties most suitable for a specific application 
when required properties are provided - for example 
according to customer requirement specifications.

MIM standardsMIM standards

Typical value concept

In addition to the minimum property values, most 
material standards and specifications contain 
typical values for physical or mechanical properties 
of particular materials. Some or all of them may 
be important for a specific application based on its 
intended use. They are listed for general guidance and 
may serve as an additional aid to the user for proper 
material selection.

The data for typical property values was compiled from 
test specimens processed by individual producers. 
While achievable through common processing, they 
may vary depending upon the area of the component 
chosen for evaluation or the specific manufacturing 
process utilised. Typical values should never be 
considered minimum values.

Fig. 3 The concepts of minimum property values and typical property values explained

“The standardisation of materials 
and their properties is essential in 
order to obtain reliable component 

performance”
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ASTM F2989-13
This specification covers the chem-
ical, mechanical and metallurgical 
requirements for unalloyed titanium 
to be used in the manufacture of 
surgical implants by MIM. Two types 
of pure titanium are specified; Type 1 
may have been densified beyond its 
as-sintered density by post-sinter 
processing whereas Type 2 has not 
been densified after sintering and 
therefore shows the as-sintered 
density. Chemical composition is 
provided with tolerance limits for 
three different grades including the 
oxygen, carbon, nitrogen, hydrogen 
and iron content. 

Minimum mechanical properties 
are specified in inch-pound and SI 
values including the ultimate tensile 
strength, yield strength, elongation 
and reduction of area for both types 
(densified / not densified) and all 
three grades. The data take into 
account that a higher contamination 
with oxygen leads to higher strength 
but reduced elongation. The specifica-
tion also contains information about 
requirements for microstructure, 
density and non-destructive examina-
tion.

ASTM F2885-11
This specification contains the 
chemical, mechanical and metal-
lurgical requirements for Ti-6Al-4V 
MIM components in surgical 
implants. In accordance with ASTM 
F2989-13 for pure titanium the 
chemical composition for two types 
of Ti-6Al-4V (densified / not densified) 
are specified including tolerance 
limits. It implies additional limits for 
aluminium, vanadium and yttrium. 
The mechanical properties are 
listed for both types. In addition to 
the titanium standard, information 
regarding requirements on micro-
structure, density and non-destructive 
examination are specified.

Cobalt-Chromium alloys

ASTM F2886-10
ASTM standard F2886-10 covers 
the chemical, mechanical and 
metallurgical requirements for MIM 

components made of Co-28Cr-6Mo 
for surgical implants. It contains 
the chemical requirements for two 
different qualities of Co-28Cr-6Mo 
which differ in carbon content. 
The specification includes require-
ments for mechanical properties 
(ultimate tensile strength, yield 
strength, elongation, reduction of 
area) for both alloys, as well as 
dimensions and permissible shape 
variation, microstructure, density 
and non-destructive examination for 
Co-28Cr-6Mo MIM components.

Nickel-based alloys

SAE AMS 5917
The Aerospace Material Specifica-
tion SAE AMS 5917 is a standard 
specifically for the corrosion and 
heat-resistant nickel alloy 718 
processed by MIM. Nickel based 
superalloys for aerospace applica-
tions typically require high strength 
levels at temperatures up to 650°C. 
However, usage is not limited to 
such applications. The standard 
specifies requirements regarding raw 
materials and processing procedures 
such as the chemical composition, 
powder selection, usage of regrind, 
Hot Isostatic Pressing (HIP) and heat 
treatment. Furthermore, it contains 
required properties as density, 
grain size, microstructure, tensile 
strength data at room temperature 
and elevated temperature of 649°C 
(1200°F) and stress-rupture proper-
ties. In addition, quality assurance 
testing and reporting regulations 
on samples and components are 
specified especially for aerospace 
applications.

Testing

Standards for the testing of materials 
and components ensure that the 
dimensions of samples, testing 
procedures and measurement tech-
niques are consistent. The testing 
specifications in the published MIM 
standards provide the essential 
basis for comparability of material 
properties obtained by MIM.

MPIF Standard 50
Standard 50 describes the prepara-
tion and evaluation of tensile test 
specimens to be used in determining 
tensile properties of sintered and 
heat treated MIM materials. Fig. 4 
shows the green part test specimens 
defined by the MPIF standard. The 
grip ends of the test pieces have holes 
for linking pins to be passed  through 
and connected to a testing machine. 
A large and a small specimen shape 
were defined which differ in length, 
cross section, thickness and radii 
as well as the diameter of the hole 
for clamping. According to the MPIF 
standard, the test specimen size to 
be used depends upon the material 
being tested and capacity of tensile 
testing machine.

ISO 2740
In general, ISO standard 2740 is 
applicable to all sintered metals 
and alloys with the exception of 
hardmetals. It specifies the die cavity 
dimensions used for making tensile 
test pieces for pressed-and-sintered 
materials, machined from sintered 
materials, Powder Forged materials 
and, since 1999, MIM materials. The 
tensile test pieces specified for MIM 
differ comprehensively from the ones 
defined for all other PM technologies. 
Fig. 5 shows the geometry defined 
for MIM green parts according to 
ISO 2740. Sharp edges were avoided 
and only smooth transitions in cross 
section exist to allow a uniform flow 
front for feedstock injection and a 
homogenous mould filling. The mould 
parting line is specified to be in the 
middle of the cavity. Compared to the 
test pieces according to MPIF, the 
holes for clamping are omitted in the 
ISO specification.

MPIF Standard 59
This covers the apparatus, test 
specimen and procedure for impact 
testing of MIM materials. The 
materials may be as-sintered, heat 
treated or in some other condition 
that is typical for a fully processed 
MIM material. The method to be used 
is the single-blow Charpy impact test. 
The shape and dimensions of the test 
specimens are specified. In addition, 

the gate location is specified to 
minimise its effect on the centre 
section of the specimen. Machining 
of the specimen is allowable. A 
pendulum-type impact machine with 
a capacity of at least 325 J may be 
used. Regarding the test procedure 
the standard refers to ASTM E23 for 
impact testing of metallic materials.

MPIF Standard 62
This standard specifies the appa-
ratus, test specimen and procedures 
for determining the corrosion 
resistance of MIM grades of stainless 
steels. The stainless steel should be 
either sintered or heat treated or in 
some other condition typical of MIM 
processing. The standard recom-
mends using test specimens, for 
example as specified for the Charpy 
test in Standard 59, but also other 
convenient shapes may be used. 
The samples are to be immersed in 
a 2% sulfuric acid (H2SO4) solution. 
Details concerning the apparatus 
and the test procedure are specified, 
including the containers for testing, 
the amount of solution in the 
container, the ambient temperature, 
the number of samples to be tested 
and the procedure of drying the same 
before and after immersion. The 
gradual dissolution during immer-
sion of the MIM material needs to be 
monitored. The corrosion resistance 
is calculated in terms of mass loss 
which is expressed in g/dm² per day 
to normalise for the surface area.

MPIF Standard 63
Standard 63 describes the apparatus, 
test specimen and procedures to 
measure the density of green parts, 
brown parts and sintered MIM 
components using a gas pycnometer. 
The standard describes the basic 
steps involved to obtain a final result 
during density measurements. Any 
open porosity will not be included 
as part of measured volume. The 
components may be heat treated, 
machined or in some other condition 
typical of MIM processing and may 
be comprised of one component, 
multiple components or sections of 
a component. The standard specifies 
the required accuracy of the utilised 

MIM standardsMIM standards

b c Lc Ld Lt w R1 R2 D
± 0.1 ± 0.1 ± 0.2 ± 0.2 ± 0.5 0.1 ± 0.5 ± 0.5 ± 0.1

large ø 5.82 ø 5.87 30.5 31.75 94.0 5.85 R 25 R 38 ø 7.85
small ø 3.80 ø 3.85 30.5 27.50 85.5 3.85 R 23 R 23 ø 6.00

* applicable for length Lc

Shape

Fig. 5 Tensile test pieces specified for MIM according to ISO 2740

Fig. 4 Tensile test pieces for specified MIM according to MPIF Standard 50

http://www.metal-am.com/contact
http://www.metal-am.com/contact


Powder Injection Moulding International     March 201766 © 2017 Inovar Communications Ltd   Vol. 11 No. 1

| contents page | news | events | advertisers’ index | contact |

balance for weighing the samples, 
the purity of the employed gas, the 
minimum number of measurements 
to be accomplished and the required 
precision for volume values.

Conclusion

Although MIM is a maturing 
technology, there is still a lot of 
room for the improved dissemination 
of knowledge to part designers 
employed in the wide range of end-
user industries that the technology 
serves. The need to provide 
reliable data on attainable material 
properties in the MIM process for 
its customers, and prospective 
customers, has been recognised by 
the MIM industry for a long time. A 
number of international standards 

for the most common materials, 
as well as testing methods, have 
therefore been established. These 
standards are reworked continu-
ously by some of the international 
standardisation committees.

This overview shows that in 
addition to the specifications for 
ferrous MIM materials, specifications 
have, in particular, been generated 
for surgical implant materials and 
the medical industry. The aerospace 
industry is currently regarded as a 
potentially even bigger market for 
MIM than the medical sector and 
the first titanium MIM parts are 
now being produced for commercial 
aircraft. This is in large part thanks 
to titanium’s excellent compatibility 
to Carbon Fibre Reinforced Polymers 
(CFRP) compared to aluminium, 
which has been used predominantly 

in aircraft manufacturing in the past. 
Today, most metal aircraft parts 
are produced by machining with a 
resulting high loss of raw material.  
This puts MIM titanium in a strong 
position to expand in the aerospace 
industry. There is as yet, however, 
no standard that addresses the 
particular requirements of MIM-Ti 
and MIM-Ti-6Al-4V aerospace 
components.

The specifications for the testing 
of MIM components still lack fatigue 
testing requirements, which are 
especially important for a range of 
ferrous based and stainless steel 
based components for the automo-
tive sector and titanium materials 
and aerospace applications. A 
potential standard on fatigue testing 
should specify the geometry of test 
pieces especially for MIM, since 

neither the standard fatigue test 
specimen nor the one defined for 
pressed-and-sintered materials 
according to ISO 3928 are suitable 
for MIM.

Standards offer a reliable basis 
for decision making in technical 
purchasing departments. Therefore 
they can help to establish MIM as 
the manufacturing technology of 
choice in the early stages of part 
design, making technical discussions 
between part designers and MIM 
part manufacturers easier.

It should be mentioned that 
in spite of existing standards, 
individual agreements between MIM 
manufacturers and end-users on 
achieving better results for measure-
ment tolerances and/or material 
properties compared to standard 
values are daily practice and mostly 

accomplished by material and 
feedstock modifications. Here, MIM 
standards often just act as a general 
guidance for the material selection.

Although missing standards 
are probably not a major obstacle 
for further market growth, an 
intensive discussion between 
powder and feedstock suppliers, 
MIM parts producers and their 
customers in the different market 
segments should take place to 
define a common global roadmap 
for standardisation, thereby helping 
to increase the awareness of MIM 
technology in industry.

More information

The basic information for this article 
was taken from published standards 
and the websites listed below:

• www.astm.org

• www.iso.org

• www.mpif.org

• www.standards.sae.org

• www.din.de

• www.abnt.org.br

• www.bsigroup.com

• www.epma.com
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Cremer Thermoprozessanlagen 
GmbH: The market leader in 
continuous MIM furnaces adds 
HIP to portfolio 

Cremer Thermoprozessanlagen GmbH

Cremer Thermoprozessanlagen GmbH has been a leading supplier of 
continuous furnaces for Metal Injection Moulding since the 1990s and its 
MIM-Master systems can be found in MIM plants around the world. Dr. 
Georg Schlieper recently visited the company at its headquarters in Düren, 
Germany, and met the Managing Director, Ingo Cremer. In addition to 
reviewing the development of the company’s MIM furnaces, the company’s 
latest developments in HIP systems specifically for MIM are presented.

Fig. 1 Cremer’s MIM-Master (Courtesy Cremer Thermoprozessanlagen GmbH)

Cremer Thermoprozessanlagen 
GmbH has been manufacturing 
industrial furnaces in Düren, 
Germany, since 1968. From the 
start, a major focus has been on 
furnaces for the Powder Metallurgy 
industry and very soon the company 
acquired a leading position in the 
development and production of 
sintering furnaces with controlled 
atmospheres. Cremer consequently 
developed the use of nitrogen/
hydrogen atmospheres with a low 
dew point for sintering PM steels in 
addition to the Endogas atmospheres 
that were most commonly used at 
that time. In the 1970s, the company 
designed and built the first walking 
beam furnaces for high-temperature 
sintering of structural PM parts made 
from newly developed high-strength 
steel powders. In recent times, the 
company’s walking beam technology 
has been adopted in the fuel cell 
sector and even the nuclear industry 
for the sintering of fuel elements of 
uranium oxide at temperatures up to 
1800°C in hydrogen.

The evolution of 
MIM-Master technology

When MIM technology emerged in the 
1990s as a high volume component 
manufacturing process the walking 
beam furnace principle proved to be 

ideal for the mass production of MIM 
parts. Cremer developed the MIM-
Master, which was a walking beam 
furnace for sintering at temperatures 
up to 1600°C in which the lubricant 
burn-off zone of the furnace that 
was used for die pressed parts was 
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modified into a thermal debinding 
zone (Fig. 1). For MIM parts made 
from BASF’s Catamold® feedstocks, 
a catalytic debinding system was 
developed and, today, the third 
generation of this system is available. 
In parallel, furnaces have also been 
developed to process solvent based 
feedstocks. 

The integration of sintering 
furnaces into the quality management 
systems of manufacturing companies 
is of prime importance for suppliers 
to the automotive industry. Computer 
based Total Process Control (TPC) 

and Human-Machine Interface (HMI) 
software are standard on Cremer 
furnaces. Furthermore, the equip-
ment is designed for integration into 
the Continuous Quality Improvement 
(CQI-9) process management system 

of the automotive industry for heat 
treatment processes. Medical and 
aviation standards can also be 
applied. 

Up to the present day, Cremer 
Thermoprozessanlagen GmbH has 
always been a family enterprise and 
it currently employs 130 people, 
including five technical trainees. The 
floor space of the factory has recently 
been extended from the previous 
3000 m2 through the addition of a 
newly erected 650 m2 production hall. 

Ingo Cremer, Managing Director 
of Cremer Thermoprozessanlagen 

GmbH, is a well known figure within 
the world of PM. From 2007 to 2013, 
he was President of the European 
Powder Metallurgy Association 
(EPMA) and remains one of five EPMA 
Vice Presidents and a member of the 

EPMA Council. Through such appoint-
ments he has devoted considerable 
energy to the advancement of the PM 
industry in general.

The commercial success of the 
MIM-Master system internationally 
has inevitably prompted some 
competitors in the market to develop 
similar products. Whilst this is 
not unusual in a free market, Ingo 
Cremer expressed some irritation 
at the nature and scope of what he 
regards as unacceptable copyright 
infringements in some regions. 
However, he also takes a rather 
relaxed view of the activities of 
newcomers in the market trying to 
compete against the MIM-Master. 
“In a way we feel honoured by the 
attempts of competitors to copy 
our walking beam furnace, but they 
should note that such a furnace is 
quite a complicated system. We have 
more than forty years of experience in 
making walking beam furnaces and 
have generated so much expertise 
during this time that a newcomer will 
have a hard time in keeping up with 
our standards.” Over seventy-five 
Cremer walking beam furnaces 
are running in MIM applications 
throughout the world.

The twin-runner walking-beam 
furnace, with two parallel lines of 
sintering goods, was launched in 
2005 and continuous improvement 
of the furnace control software has 
been pursued over the years in 
conjunction with the advancement 
of computer technology. Particular 
attention is paid to temperature 
uniformity and gas flow in the 
furnace. In 2016, the Institute for 
Industrial Furnace Design and 
Thermal Technology at the Tech-
nical University of Aachen carried 
out a scientific study on the gas flow 
in Cremer MIM-Master furnaces 
and their results have been used 
to reduce gas consumption and 
increase the cooling rate. A rapid 
cooling zone has also been devel-
oped for the MIM-Master system. 

The company’s new ‘MIM-Master 
Neo’ program is now underway in 
which, using the same area of floor 
space, a near doubling of sintering 
capacity has been achieved with 
only a 30% increase in consump-
tion figures. Cremer is reluctant, 
however, to divulge further detail 
on this development because of the 
ever-growing competition in the 
furnace equipment market. 

Fig. 3 The residual porosity in MIM materials affects the mechanical properties ultimate tensile strength (UTS), yield 
strength (YS), fatigue strength (Rm), elongation (A), and impact energy (IE)

The development of HIP 
systems specifically for MIM 
parts 

Manufacturers of MIM parts know 
that most MIM materials contain a 
small amount of residual porosity 
after sintering. These pores are 
usually isolated and uniformly 

distributed in the component. Each 
pore has the effect of a fine internal 
notch that causes local stress 
concentrations. The relative effect of 
the residual porosity, in comparison 
with pore-free material, on the 
macroscopic mechanical properties 
of PM parts is shown in Fig. 3. The 
remaining porosity in most ferrous 
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Fig. 4 Ingo Cremer (right) demonstrating the HIP prototype to Georg Schlieper

Fig. 2 A MIM-Master system with stacked trays of sintered MIM parts (Courtesy Cremer Thermoprozessanlagen GmbH)

“Computer based Total Process 
Control (TPC) and Human-Machine 

Interface (HMI) software are 
standard on Cremer furnaces"

The porosity and mechanical properties of PM steel
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MIM materials after sintering is 
between 3% and 6%. In this range, 
the effect of the porosity on tensile 
and yield strength is almost negligible 
and, for most applications, totally 
irrelevant, but the fatigue strength, 
elongation to fracture and impact 
strength are more seriously affected. 

For applications with a high 
demand for fatigue and impact 
resistance, the residual porosity is 
removed by Hot Isostatic Pressing 
(HIP). This is particularly the case 
in MIM aerospace applications. As 
the pores have no connection to the 
surface, parts can be HIPed in what is 
called a containerless process.

Capacities for HIP treatment on 
a contract basis are available in all 
industrialised countries. However, 
these are mainly used for special 
high-temperature alloys and tool 
steels that require significantly higher 
HIP temperatures and pressures 
than MIM parts. These presses 
require investments of several million 
Euros and are unaffordable even for 
the largest MIM producers. Since 
the volumes of small MIM parts 
are seldom large enough to fill the 
entire space of a Hot Isostatic Press, 
MIM parts are usually HIPed as a 
partial load in conjunction with other 
products. This implies that the HIP 
parameters are usually not optimised 
for the MIM material and it is known 
that excessive temperature can lead 
to grain growth with undesirable 
consequences for material properties.

Ingo Cremer recognised this 
problem several years ago and has 
developed a Hot Isostatic Press 
specifically for MIM parts. Since such 
a system would require less pressure 
and lower temperatures than the HIP 
units that are presently available on 
the market, this was able to be built 
at significantly reduced cost. The 
technical details and design of these 
units were developed in co-operation 
with the Technical University of 
Aachen, Germany. 

The temperatures and pressures 
that are required to completely densify 
MIM materials were determined at 
RWTH Aachen in a complex series 
of tests. Furthermore, efforts were 
directed at reducing the cooling time 

by optimising the gas flow in order 
to increase the press capacity on the 
basis of shorter cycle times.

Based on these results, the Hot 
Isostatic Press was designed to 
be safe but no stronger than was 
necessary for its intended use. The 
prototype is now standing in Cremer’s 
workshop (Fig. 4). The system 
achieves a maximum temperature 
of 2000°C at an argon gas pressure 
of 2000 bar. The usable dimensions 
of the ‘proof of concept’ press load 
are 150 mm diameter and 300 mm 
height. The carrier of the press load 
and the pressure vessel, with a wall 
thickness of 200 mm, are shown in 
Figs. 5 and 6.

Outlook

Ingo Cremer is confident that regional 
HIP services will now be able to offer 
better conditions for the secondary 
HIP treatment of MIM parts with 
the new system and, for Cremer 
Thermoprozessanlagen GmbH, it is 
a new product line that is expected 
to contribute to an even stronger 
position in the MIM supply chain, 
bringing ongoing growth for the busi-
ness. Ingo Cremer is also confident 
that his company’s ongoing research 
in industrial furnace technology will 
help it to remain at the forefront 
of international developments in 
sintering furnaces.
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Cremer Thermoprozessanlagen 
GmbH
Auf dem Flabig 6
D-52355 Düren, Germany
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www.Cremer-furnace.com 
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Dr. Georg Schlieper
Harscheidweg 89
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Email: info@gammatec.com 

Fig. 5 The HIP load carrier of Cremer’s MIM-specific Hot Isostatic Press 
(Courtesy Cremer Thermoprozessanlagen GmbH)

Fig. 6 The pressure vessel of Cremer’s MIM-specific Hot Isostatic Press 
(Courtesy Cremer Thermoprozessanlagen GmbH)
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The influence of process 
parameters on the quality of 
Metal Injection Moulded parts

Process parameters

Complex metal components are 
today an essential part of global 
manufacturing, from the automo-
tive industry to the electronics, 
IT, medical and consumer goods 
sectors. Metal Injection Moulding 
is now an established and proven 
technology for the cost-effective 
processing of metals with the 
promise of further growth [1]. MIM 
technology additionally offers the 
chance to use materials that cannot 
be processed with conventional 
processes.

Compared to conventional 
metalworking processes, MIM is a 
relatively new technology. However, 
comprehensive process knowledge 
on the parameters that have an 
influence on part quality is largely 
missing. In this article, the following 
parameters have been investigated 
using design of experiments to 
enhance knowledge regarding the 
characteristics of metal injection 
moulded parts; injection speed, 
holding pressure, mould tempera-
ture, gate geometry and vacuum. 
The investigated attributes of green 

part weight, dimensional accuracy, 
microstructure and surface property 
show diverging reactions to the 
processing adjustments.

For statistical evaluation, the 
analysis of variance method is used, 
as described in [2]. The method 

uses the total sum of squares to 
show changes in the command 
variable. With this method, it is 
possible to distinguish true changes 
from random ones. Three values 
result from the analysis. Firstly, the 
influence value, which shows the 

It has long been understood that process parameters such as injection 
speed, holding pressure, mould temperature, evacuation of cavity and gate 
geometry have an influence on the final quality of MIM parts. Very limited 
information, however, has been published to help understand exactly what 
impact these influences have. Christian Knöpfle and colleagues from 
Arburg GmbH + Co KG carried out a weighting of key process parameters 
in terms of the quality of sample test bars by using statistical methods. It 
is hoped that the results will facilitate faster process optimisation in the 
future.

Fig. 1 A small selection of the types of MIM components in commercial 
production worldwide (Courtesy Arburg GmbH + Co KG)
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18 mm. The moulded parts are test 
bars, where geometric changes  
such as holes, surface roughness, 
gate geometry or part design can be 
made. Fig. 2 shows a test bar after 
sintering. A design of experiments 
was used for this investigation as 
shown in Table 1. While the param-
eters injection speed and holding 
pressure were classified into three 
steps for a better disbanding, the 
others were classified into two steps. 
Furthermore, the gates differ in their 
geometry and their surface area but 
have the same cross sectional areas.

All test parts were moulded using 
Catamold 17 – 4 PH A feedstock 
manufactured by BASF SE. Debinding 
and sintering were carried out in 
Elnik CD3045 and MIM 3045 furnaces 
respectively at DSH Technologies 
LLC. Sintering was carried out 
at 1380°C under hydrogen. After 
debinding and sintering, the sintered 
parts were measured. For the meas-
urements, different quality param-
eters such as dimensions, surface 
properties, shape distortion and 
fracture pattern were defined. The 
measuring positions for the length, 
width 1 (near gate), width 2 (end of 
the flow path) and shape distortion 
(round areas) are shown in Fig. 2. The 
surface properties are defined by the 
surface roughness, sink marks and 
by failures on the surface such as 
notches and powder/binder segrega-
tion zones. The fracture pattern was 
analysed by cracking the green parts 
and examining the parts under the 
microscope.

After measurement, the values 
were analysed using analysis of 
variance. Table 2 shows the results of 
such an analysis for the part surface 
roughness, as an example.

Results and discussion

Table 2 shows the influence of the 
five investigated parameters and 
their interaction with each other on 
the surface roughness of the part. 
The parameters injection speed, gate 
geometry and the interaction ACD 
are the only true parameters, which 
have an influence on the part quality 
(p value lower than 10%). The other 
parameter influences are statistically 
irrelevant, meaning that they show no 
effect on the part.

The gate geometry shows the 
highest influence on the surface 
roughness, followed by the injection 

speed. These effects are caused by 
different shear ratios. The higher the 
injection speed, the higher are the 
shear ratios. High shear ratios lead 
to high stress on the feedstock and, 
therefore, to large powder/binder 
segregation areas [3]. Furthermore, 
Table 2 shows the high influence 
of the gate geometry (34.84%). 
Also, it is shown that the mould 
temperature has no influence on 
the quality. However, in combination 
with the injection speed and the 
gate geometry (ACD), the mould 
temperature has an influence on the 
part quality. This effect can be seen in 
Table 2 (ACD) where this interaction 

has an influence of 12.72% and a p 
value between 0.1% and 5% (highly 
relevant). Furthermore, the influence 
of the interaction is shown visually in 
Fig. 3.

Fig. 4 shows, on the right hand 
side, a notch at the end of the flow 
path. The notch is formed by the flow 
behaviour of the melt during injection. 
At first, the melt separates from the 
wall of the cavity and flows to the end 
of the part. After the melt reaches the 
end of the flow path, the part then fills 
backwards and air is trapped between 
the separation zone and the end of 
the flow path. Fig. 5 shows the filling 
behaviour in the area of the notch.

Factor
Value

- 0 +

Injection speed [cm³/s] 5 10 20

Holding pressure [bar] 100 800 1200

Mould temperature [°C] 125 / 135

Gate geometry Film / Round

Vacuum Off / On

Table 1 Factorial design of experiment

Fig. 3 Powder/binder segregation: influenced by the interaction of injection speed, mould temperature and gate 
geometry 

Fig, 4 Mould evacuated (left) and not evacuated (right)

Table 2 Analysis of variance on surface roughness

Factor / Interaction Influence p - Value Statistical relevance

A Injection speed 15.68% 2% Highly relevant

B Holding pressure 1.28% 54% Irrelevant

C Mould temperature 1.65% 48% Irrelevant

D Gate geometry 34.84% 0% Extremely relevant

E Vacuum 0.07% 89% Irrelevant

AC 7.52% 13% Irrelevant

AD 6.42% 16% Irrelevant

ACD 12.72% 5% Highly relevant

View 1: 5 cm³/s; 125°C; film gate View 1: 5 cm³/s; 135°C; film gate

View 1: 20 cm³/s; 125°C; film gate View 1: 20 cm³/s; 135°C; film gate

View 2: 5 cm³/s; 125°C; round gate

View 2: 20 cm³/s; 125°C; round gate View 2: 20 cm³/s; 135°C; round gate

View 2: 5 cm³/s; 135°C; round gate

Fig. 2 Test bar with measuring points

Length: 49,8mm 

Width 2: 6.5mm Width 1: 6.5mm 

Gate 

View 1 

View 2 

parameter’s influence on the part 
quality. Secondly, the F value, which is 
an auxiliary quantity to generate the 
third one, the p value, in the tables 
mentioned as statistical relevance. 
The p value shows the probability of 
error and exposes changes caused 
by chance. To separate the true 
parameters from the random ones, 
a p value level of 10% is set. This 
means that every parameter with a p 
value higher than 10% is statistically 
irrelevant. Values with a level between 
0.1% and 5% are highly relevant and 
parameters with a p value lower than 
0.1% are extremely relevant. Since 

the investigated parameters can have 
interactions with each other that 
alter their influence, every possible 
combination of parameter setting 
is applied, requiring a wide-ranged 
experimental design.

Experimental

An Arburg Allrounder 270 S 400 - 70 
machine was used for the injection 
moulding tests. This machine has 
a clamping force of 400 kN and 
was equipped with a MIM cylinder 
assembly with screw diameter of 
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Due to the fact that the notch is 
formed by trapping air in the cavity, 
the only way to solve the problem 
is evacuation of the mould. Fig. 4 
shows the result of the evacuation. 
The figure shows that the notch is 
removed if the mould is evacuated. 
Table 3 shows the statistical analysis 
for the notch.

Another quality parameter is the 
shape distortion, which influences the 
dimensional accuracy. This quality 
parameter is affected by the holding 
pressure itself and the interactions of 
holding pressure / mould temperature 
(BC) and of injection speed / holding 
pressure/ gate geometry (ABD) 
(Table 4).

its total value over all of the trials 
performed. The part length is 
primarily a function of the holding 
pressure, as can be seen in Table 5. 
With higher pressure levels, the part 
length increases. The differences 
between the levels are in the range 
of 0.2 mm, i.e. a variation on the total 
length of 0.4%.

This effect is stronger the shorter 
the distance to the gate. While the 
holding pressure has an influence of 
nearly 87% (Table 6) on the width near 
the gate, it only has an influence of 
round about 17% on the width at the 
end of the flow path (Table 7).

From the tables, it can be seen 
that the effect of the holding pres-
sure at the end of the flow path 
position, compared to the near one, 
is decreased. Furthermore, it can be 
seen that other parameters such as 
injection speed or gate geometry, 
which influence the filling behaviour 
of the part, have an increased 
influence (0.83% → 2.68%).

These effects are the result of 
the physical characteristics of the 
material. Basically, the thermal 

Factor / Interaction Influence p - Value Statistical relevance

A Injection speed 2.86% 36% Irrelevant

B Holding pressure 2.86% 36% Irrelevant

C Mould temperature 0.71% 65% Irrelevant

D Gate geometry 0.71% 65% Irrelevant

E Vacuum 35.00% 0% Extremely relevant

AE 17.86% 2% Highly relevant

BC 6.43% 16% Irrelevant

BD 6.43% 16% Irrelevant

Table 3 Analysis of variance on the notch Fig. 6 Total part lengths

Table 4 Analysis of variance for shape distortion

Table 5 Analysis of variance on part length

Factor / Interaction Influence p - Value Statistical relevance

A Injection speed 4.64% 24% Irrelevant

B Holding pressure 9.82% 8% Relevant

C Mould temperature 1.18% 55% Irrelevant

D Gate geometry 2.57% 38% Irrelevant

E Vacuum 0.11% 86% Irrelevant

BC 14.56% 3% Highly relevant

ABD 12.46% 8% Relevant

BDE 8.40% 11% Irrelevant

CDE 6.35% 16% Irrelevant

The highest change in the value 
can be reached by varying B and 
C together. The shape distortion 
can be reduced by setting pressure 
levels as low as possible in combi-
nation with low mould temperatures 
(the part has to be filled completely). 
If the pressure level is higher than 
this ‘critical point’ then the shape 
distortion snowballs. 

Dimensional parameters, such 
as length and width, are mostly 
affected by the holding pressure. 
With higher pressure levels, the 
testing bar becomes longer as 
well as wider. The part length is 
affected by the holding pressure 
only. However, this influence has a 
level of nearly 80%, which means 
that 80% of the total part change 
of the length is caused by changing 
the pressure level, as can be seen 
in Table 5.

Fig. 6 gives as global summary 
of the resulting part length with 

Factor / Interaction Influence p - Value Statistical relevance

A Injection speed 2.51% 38% Irrelevant

B Holding pressure 78.84% 0% Extremely relevant

C Mould temperature 4.41% 24% Irrelevant

D Gate geometry 3.96% 28% Irrelevant

E Vacuum 0.14% 84% Irrelevant

AB 2.09% 44% Irrelevant

48.50

49.00

49.50

50.00

Total part length as a function of holding pressure

low pressure level  medium pressure level                 high pressure level

Fig. 5 The formation of a notch
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conductivity and the heat capacity 
influence the cooling rate. High 
cooling rates lead to a fast solidifica-
tion of the injected part. This issue 
inhibits a well ranged pressure 
transfer to the end of the flow path. 
Therefore, the holding pressure 
cannot be as effective as in the area 
near the gate.

Summary

The investigation shows that the 
holding pressure is the strongest 
factor of those examined. Also, this 
parameter covers the effect of other 
parameters. This is important to 
know if there are processes with low 
pressure levels or tiny gates, which 
freeze very fast.

The study shows that part 
quality is widely adjustable to 
the required properties. The best 
results regarding part dimensions 
are achieved with a high holding 
pressure level. With higher injection 
speeds, the surface roughness is 
decreased, but the joint line appear-
ance is increased. This leads to a 
compromise for the worker, who 

Table 6 Analysis of variance on part width near the gate

Table 7 Analysis of variance on part width at the end of the flow path

Factor / Interaction Influence p - Value Statistical relevance

A Injection speed 0.83% 64% Irrelevant

B Holding pressure 86.55% 0% Extremely relevant

C Mould temperature 1.39% 52% Irrelevant

D Gate geometry 0.42% 75% Irrelevant

E Vacuum 0.50% 70% Irrelevant

AB 1.95% 43% Irrelevant

AD 2.07% 42% Irrelevant

Factor / Interaction Influence p - Value Statistical relevance

A Injection speed 2.51% 38% Irrelevant

B Holding pressure 78.84% 0% Extremely relevant

C Mould temperature 4.41% 24% Irrelevant

D Gate geometry 3.96% 28% Irrelevant

E Vacuum 0.14% 84% Irrelevant

AB 2.09% 44% Irrelevant

has to determine the major quality 
parameter. With higher mould 
temperatures the welding of flow 
fronts improves, whereby the joint 
line appearance is reduced.

The study shows that film 
gates cause higher powder/binder 
segregation than round gates; this 
is caused by higher shear ratios. So, 
for critical parts, round gates should 
be preferred over film gates for good 
part quality.

The last investigated parameter 
is the evacuation of the mould. If 
evacuation is carried out, notches 
caused by trapped air can be 
avoided.

Outlook

Based on the results of this study, 
continuing investigations will be 
made. Different feedstocks, surface 
roughness of the cavity and different 
melt temperatures will be tested. 
Other testing methods, such as 
rheological investigations, should 
be applied to obtain information 
regarding the shearing during the 
injection moulding process.
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WORLD PM2016: PIM 
widens its appeal with 
novel materials and new 
applications

PIM at World PM2016: Part 3

Powder Injection Moulding 
of multi-modal type iron 
micro-nano powders

Jai-Sung Lee and colleagues at 
Hanyang University-ERICA in 
Sangnok-gu, Ansan, Korea, have 
previously reported on their work 
to produce complex shape micro 
components using bi-modal powders 
for Powder Injection Moulding 
(PIM) feedstock, where a carbonyl 
Fe micro powder has been mixed 
with Fe nano agglomerated powder. 
According to their previous report 

(PIM International, Vol. 6, No. 4, 
December 2012, pp 51-52) the authors 
concluded that the combination of 
micro and nano iron powders allowed 
the development of a cost effective 
process for producing micro PIM 
parts with unique microstructural 
features and high sintered density 
resulting in improved surface 
roughness. They found that the 
nano Fe powders filled the space 
among the micro Fe powders during 
feedstock mixing which resulted in 
a high powder loading of 70 vol.%. 
The agglomerated nano Fe powders 

are crushed and are rearranged 
among the micro Fe powders at low 
mixing torque leading to excellent 
flow behaviour of the feedstock 
during injection moulding even at 
low temperature (ca 70°C) and low 
pressure of 4 MPa. The authors 
also found that the addition of the 
Fe nano agglomerates played an 
important role in activating the 
sintering process after debinding by 
enhancing densification whilst at the 
same time suppressing grain growth 
in isothermal sintering up to 1250°C 
in hydrogen for three hours. 

In the third of our reports on PIM papers presented at the World PM2016 
Congress in Hamburg, Germany, October 9-13, Bernard Williams focuses on 
developments in novel materials which will help to broaden the appeal and 
applications for Powder Injection Moulding technology. The report includes 
high density, fine grain size microPIM iron parts made from tri-modal 
powders, PIM tungsten parts for fusion devices, micro heat pipes for heat 
dissipation in electronic devices and a new cost effective approach to the 
production of PIM NdFeB magnets.

Fig. 1 SEM micrographs of (a) carbonyl iron micro powder and (b) Fe- bi-modal nano powder agglomerates [1]
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In a paper presented at the World 
PM2016 Congress [1], the researchers 
reported on further work undertaken 
on the concept of multi-modal powder 
systems by using a tri-modal type 
micro-nano powder mixture for PIM. 
The base powder is again carbonyl 
iron having particle size D50 = 4.1 µm 
which is mixed with a hydrogen 
reduced ball milled and spray dried 
iron oxide agglomerate having a 
bi-modal particle size distribution 
ranging from 1 to 5 µm. The average 
particle size of the starting iron oxide 
bi-modal powder was measured 
at 28 ±3 nm and 325 ±22 nm with 
volume fractions of 32% and 68% 
respectively. Thus the tri-modal type 
micro-nano powders were mixed 
in a ratio of 75 vol.% carbonyl Fe 
micro powder and 25 vol.% nano 
Fe agglomerates. Optimal powder 
loading in the tri-modal powder 
feedstock was established at 70 vol.% 

and the feedstock was successfully 
injection moulded to produce a 
complex micro multi-tooth gear at 
a temperature of 75°C and 4 MPa 
moulding pressure. Fig. 1 shows SEM 
micrographs of the Fe micro powder 
(a) and the Fe bi-modal nano powder 
agglomerate (b). 

Fig. 2 shows the injection moulded 
gear produced from the tri-modal 
Fe powder and its microstructure. 
The PIM micro part, which has a 
green density of 69.7 ±0.5% T.D. after 
debinding, has a sound surface, 
uniform dimensions and no defects 
such as cracks or pores. The 
densification process of the tri-modal 
Fe PIM parts during sintering in 
hydrogen is shown in Fig. 3. As can be 
seen densification proceeds gradually 
at temperatures up to 700°C after 
which it increased markedly in the 
temperature range 700 to 900°C to 
86% T.D. Densification then again 

proceeded more slowly during 
isothermal sintering at 1250°C for 
3 h when near full density (96%) was 
reached. 

The authors stated that the 
tri-modal Fe powder showed 
activated sintering already at low 
temperatures (<700°C) due to the 
nano particles actively sintering to 
each other and also by the nano 
particles pulling the micro iron 
powders to increase particle contact. 
In the temperature range 800 to 
900°C the nano particles were found 
to promote rapid densification by 
grain boundary diffusion, and the 
nano particles also effectively pin 
the migrating grain boundaries to 
provide high diffusion paths for pore 
elimination. Above 1100°C normal 
micro powder sintering was found to 
take place with slight grain growth 
and the nano powders growing to a 
size corresponding to micro powders 
with near full density achieved at 
1250°C and with a grain size of less 
than 10 µm. This finding implies that 
the addition of the nano powders is 
efficient in controlling the sintering 
of tri-modal powder compacts by 
enhancing densification as well as 
suppressing grain growth (Fig. 4). 

The authors are confident that 
the use of tri-modal micro-nano Fe 
powder mixtures has opened up a 
new and efficient way of processing 
high strength micro-PIM components 
having near full density and fine 
grain size in the sintered parts.

MIM tungsten components 
for fusion devices

Tungsten (W) has been gaining 
acceptance as a material for high 
plasma performance fusion devices 
used in the ITER (International 
Thermonuclear Experimental 
Reactor) and He-cooled divertor 
fusion reactors thanks to its unique 
thermal and physical properties. 
Jiupeng Song and co-workers at 
China National R&D Centre for 
Tungsten Technology in Xiamen and 
the China Southwestern Institute 
of Physics in Chengdu, reported in 
their paper on the development and 
production of ultrafine W powder and 
also an ultrafine oxide dispersion 
strengthened (ODS) W-1.2wt.%Y2O3 
powder, both of which were used to 
manufacture components for high 
plasma fusion devices using Metal 
Injection Moulding (MIM) [2]. The 
MIM W components included the 
main body and shielding parts for 
Langmuir probes shown in Fig. 5(a) 
and the thimble parts with integrated 
cooling channel made from the ODS 
W-1.2Y2O3 powder shown in Fig. 5(b) 
which are intended for use in helium 
cooling divertors. MIM was found 
to be a promising route for such 
advanced W components because 
of its ability to produce the complex 
geometries required and having the 
desired isotropic, homogeneous 
microstructure with relatively high 

density and high purity. The author 
stated that machining such complex 
shapes from wrought W bar would 
involve significant additional cost 
including more than 50% material 
wastage.

The authors stated that the key to 
the success of the MIM process in the 
W components is the use of ultrafine 
W powder developed in-house using 
ammonium paratungstate as the 

starting material and a hydrogen 
reduction process. This proprietary 
process resulted in an ultrafine 
W powder having a particle size 
of 500-900 nm, which the authors 
state is suitable for MIM because 
of its good flowability, its high 
purity and good sinterability. The 
ODS-W-1.2Y2O3 powder was produced 
by a liquid-liquid doping process 
using ammonium metatungstate 

Fig. 5 MIM tungsten components used in (a) main body and shielding for Langmuir probes and (b) thimble shaped parts 
produced from W-1.2Y2O3 for helium cooling divertors [2]

Fig. 2 SEM micrographs of (a) injection moulded gear using tri-modal Fe 
powder and (b) its microstructure [1]

Fig. 3 Variation of theoretical density with increasing 
temperature during heating-up and isothermal sintering 
stages [1]

Fig. 4 Relationship between grain growth and densification 
of the sintered tri-modal Fe PIM parts and parts made 
from micro Fe powder
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Table 1 Sintered properties of MIM W and MIM W-1.2Y2O3 [2]

Type W
sintered

W
sintered + 

HIP
W-1.2Y2O3 
sintered

W-1.2Y2O3 
sintered + 

HIP

Sintered 1950°C, 4h 1700°C, 2h 1950°C, 4h 1700°C, 2h

HIP /
1700°C,  

180 MPa, 1h
/

1700°C, 
170 MPa, 1h

Density (g/cm3) 18.95 18.97 18.35 18.47

Relative density 98.2% 98.5% 98.6% 99.2%

Hardness (HV30) 388 403 450 447

Grain size (µm) 20-30 10-15 3-5 3-5

Table 2 Mechanical properties of MIM tungsten from room temperature to 
800°C [2]

T (°C) UTS (MPa) Yield strength  
(MPa) Elongation (%)

25 282.67 / 0.14

200 284.44 / 0.04

400 365.9 234 3.17

600 351.6 201 19.54

800 300.07 176 21.29

(a) (b)
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(WO3 ≥ 88 wt.%) and yttrium nitrate 
(Y(NO3)3•6H2O) as the starting 
materials. The solution of ammonium 
metatungstate and yttrium nitrate 
was dried in a high-speed centrifugal 
spray dryer at 100-120°C, followed 
by direct reduction in H2 atmosphere 
at 700-800°C. The particle size of the 
W-1.2Y2O3 powder was approximately 
600-1000 nm but with the particles 
being highly agglomerated. 

The ultrafine W and W-1.2Y2O3 
powders were mixed with a binder 
containing 51 wt.% paraffin wax, 
30 wt.% polypropylene, 16 wt.% 
polyethylene and 3 wt.% stearic 
acid. Ultrafine powder loading to 
produce tensile specimens from 
both feedstocks was 51%. After 
injection moulding solvent debinding 
of the moulded parts was followed 
by thermal debinding in hydrogen 
atmosphere and the MIM parts 
were subsequently sintered in H2 at 
1950°C for 4 h. The relative density 
of the sintered MIM W parts reached 

98.2% which could be increased to 
98.5% using a combination of a lower 
sintering temperature of 1700°C 
for 2 h plus a HIP treatment. The 
W-1.2Y2O3 material reached 98.6% 
density when sintered at 1950°C 
for 4 h and 99.2% when sintered at 
1700°C for 2 h plus HIPing (Table 1). 
Both types of ultrafine powders 
allowed the use of the lower sintering 
temperature of 1700°C compared with 
conventional W powders (>2000°C) to 
reach a high final density with a finer 
grain size and improved hardness.

In terms of mechanical properties, 
the UTS and elongation of MIM-W 
material were found to be lower 
than wrought W at temperatures 
below 400°C (Table 2) but became 
comparable at higher temperatures. 
The authors stated that the related 
mechanical properties of the MIM 
W-1.2Y2O3 material are still under 
investigation. Thermal conductivity in 
the temperature range from 100 to 
950°C and thermal shock were also 

measured for both the MIM W and the 
MIM W-1.2Y2O3 materials. It was found 
that the thermal conductivity of MIM-W 
is lower than that of the wrought W 
at low temperatures but becomes 
comparable above 500°C (Fig. 6). The 
thermal conductivity of W-1.2Y2O3 is 
much lower than that of MIM W due 
to the Y2O3 particles distributed in the 
W matrix, which have a much lower 
thermal conductivity. The results of 
preliminary thermal shock tests of 
sintered MIM W components, without 
HIP treatment, indicated no cracks 
when tested at 160 MW/m2, 1 ms, 100 
cycles, crack initiation at 220 MW/ m2, 
1 ms, and crack propagation at 
330 MW/m2, 1 ms, 100 cycles. 

The authors concluded that MIM is 
a promising manufacturing route for 
the W and ODS W-1.2Y2O3 components 
for fusion devices and further work 
is underway to establish additional 
properties. 

Micro copper heat pipes 
produced by PIM

Recent advances in mobile electronic 
devices such as smartphones, tablets 
and other similar devices have become 
increasingly multi-functional with 
faster processors leading to increased 
heat generated by the internal 
components. Thus effective heat 
dissipation in these electronic devices 
is a critical issue for their good perfor-
mance. Heat pipes are a relatively 
simple thermal management device 
comprising evaporator, adiabatic 
section and condenser. Working fluid 
evaporates at the evaporator by heat 
source. The vapour flows through the 
adiabatic section and condenses at the 
condenser. The condensed fluid then 
returns to the evaporator through a 
wick structure in the adiabatic section. 
Because the heat pipe uses the latent 
heat of the working fluid, it has very 
high and effective thermal conductivity. 
Additionally, heat pipes are essentially 
a closed loop system and are therefore 
also maintenance free.

Micro heat pipes are normally 
manufactured by machining or lithog-
raphy. However, these processes have 
relatively low productivity resulting in 

high manufacturing costs. Hanlyun 
Cho and Jungho Lee at Pohang 
University of Science and Technology 
(POSTECH), in Pohang, Korea, and 
Seong Jin Park at the Korea Institute 
of Machinery and Materials in 
Yuseong-gu, Daejeon, have developed 
technology to mass produce micro 
copper heat pipes using PIM. The 
authors reported on the results of 
some of their fundamental experi-
ments at the World PM2016 Congress 
[3], stating that PIM is a promising 
route for producing micro copper heat 
pipes because of its ability to achieve 
the required total pipe thickness of 
less than 0.6 mm with a wall thick-
ness of around 0.1 mm ~ 0.2 mm.

The authors used pure irregular 
shaped copper powders having 
particle size D50 of 10.93 µm. The 
Cu powders were mixed with a 
wax-based binder comprising paraffin 
wax 57.5 wt.%, polypropylene 25 wt.%, 
polyethylene 15 wt.% and 2.5 wt.% 
stearic acid. Cu powder loading in 
the feedstock was 50 vol.%. Injection 
moulding was done in a square mould 
cavity containing a stainless steel 
insert which allowed specimens to 
be produced having thicknesses from 
700 µm to 230 µm. Fig. 7 shows the 
mould cavity (left) and the mould 
insert (right). Because the lengths 
of the PIM Cu specimens were 
identical, aspect ratios varied from 
17.86 to 54.35.

Solvent debinding in hexane at 
50°C for just 10 min extracted all the 
wax and stearic acid except 1 wt.% 
remaining binder in the 700 µm thick-
ness specimens. Thermal debinding 
was done in a hydrogen atmosphere 
in the time regime shown in Fig. 8, 
which also shows the debinding 
stages using thermogravimetric 
analysis (TGA). Because of the short 
solvent debinding time the authors 
also experimented with omitting this 
stage to simplify the PIM process. 
However, omitting solvent debinding 
resulted in increased warpage of the 
micro Cu parts during subsequent 
thermal debinding and sintering.

Sintering conditions for the micro 
Cu heat pipe parts was 1030°C 
in hydrogen atmosphere for 1 h. 
The shrinkage and final density 

was measured as 0.181 and 0.995 
respectively as can be seen in Fig. 9. 
Fig. 10 shows the resulting sintered 
PIM Cu samples having a thickness 
of 600 µm (left) and a thickness of 
190 µm on the right. Each sample 
was 10 mm in length. Fig. 10 also 
shows the warpage of the sintered 
specimens which were measured 
for their variation in height using 

an interferometer. The thinner 
specimen on the right showed the 
most severe warpage. It was found 
that the change in heating rate 
during thermal debinding had a more 
pronounced effect on warpage than 
that during sintering. Slow heating 
rates during both process steps 
were key to reducing and controlling 
warpage.

Fig. 8 Thermogravimetric analysis (TGA) for mass change during thermal 
debinding (left) and temperature/time profile also for thermal debinding 
(right) [3]

Fig. 7 Mould cavity (left) and stainless steel mould insert (right) used to produce 
microPIM Cu heat pipe samples [3]

Fig. 6 Thermal conductivity of MIM W, W-1.2Y2O3 and wrought W [2]
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HR [°C/min] Tth [°C] TS [°C]

Sintering run 1 1 360 / 640 1100

Sintering run 2 0.5 300 / 700 1100

Sintering run 3 0.5 300 / 700 1080

Sintering run 4 0.5 300 1100

HR - heat-up rate during thermal debinding;
Tth - temperature plateaus during thermal debinding;
TS - sintering temperature.

Binder Compounding Debinding

Feedstock 1 Reference Single-step, air Solvent 1

Feedstock 2
Modified backbone 

component
Single-step, air Solvent 1

Feedstock 3
Modified backbone and 

wax component
Three-step, inert 

atmosphere
Solvent 2

Table 3 Three feedstocks under investigation for the recycled NdFeB powders [4]

Fig. 11 Schematic illustration of the hydrogen decrepitation (HD) process to 
produce recycled NdFeB powder [4]

Table 4 Parameters used for thermal debinding and sintering of the NdFeB PIM 
magnets [4]

New approach to production 
of PIM rare earth magnets 

There is increasing demand for 
rare earth (RE) magnets based on 
neodymium-iron-boron (NdFeB) 
materials used in a wide range 
of applications such as electrical 
motors, sensors, actuators, electro-
mobility, energy, smartphones, 
computers, headphones, etc. Several 
groups have over the past decade 
undertaken research on the use of 
Powder Injection Moulding to produce 

sintered permanent RE magnets with 
the aim of achieving greater shaping 
capability for complex parts than is 
possible with conventional pressing 
and sintering. However, the high 
affinity of NdFeB powders to oxygen 
and carbon pickup in PIM processing 
makes it more problematic to obtain 
sufficient remanence and coercivity in 
the sintered PIM NdFeB magnets.

A paper prepared by a team led 
by Carlo Burkhardt, OBE Ohnmacht 
& Baumgärtner GmbH, Ispringen, 
Germany, and a number of partners 

in an EU-funded project designated 
REProMag, outlined research into a 
new approach which allows for the 
economically efficient production of 
net-shape RE magnetic parts with 
complex structures whilst being 
100% waste-free and more energy 
efficient by using Powder Injection 
Moulding [4]. The authors stated that 
the research has focused on the use 
of 100% recycled NdFeB powders 
which, it was stated, will help provide 
European producers with a more 
sustainable source of rare earth raw 
materials. Currently over 90% of 
the global rare earth supply is being 
mined in China.

The approach taken by the research 
project is to recycle RE magnets, 
for example those found in used 
hard disk drives, by using the high 
reactivity of Nd with hydrogen. The 
NdFeB magnets are placed in a closed 
reactor drum under hydrogen and 
following a short period of tumbling 
the NdFeB powder can be collected 
and removed in its hydrogenated 
form after pumping out the hydrogen 
(Fig. 11). The recycled NdFeB powder 
produced by hydrogenation is angular 
in shape and has a mean particle size 
of 26.3 µm. The powder has acceptable 
interstitial levels of oxygen (0.68 wt) 
and carbon (0.097 wt.%) and after 
removal of corrosion coatings such as 
electroplated nickel layers, the powder 
can be processed by PIM. 

The recycled NdFeB powder 
was used to prepare PIM feedstock 
using three different binder systems 
(Table 3). The first two binder 
systems were proprietary and could 
be processed by normal solvent and 
thermal debinding/sintering equip-
ment. The third binder was processed 
under inert atmosphere and was 
based on a different wax-polymer 
system which required a different 
solvent for debinding. Injection 
moulding to produce disc shaped 
samples (23.7 mm diameter and 
6 mm height) was performed whilst 
flooding the funnel and screw with 
argon to prevent O2 pickup at elevated 
temperatures. The geometry of the 
moulded samples was chosen to suit 
subsequent material characterisation 
and to determine magnetic properties.

Solvent debinding was carried out 
for 24 h at 50°C for feedstock 1 and 2, 
and at 60°C for feedstock 3. This was 
followed by thermal debinding and 
sintering in the same furnace using 
the parameters shown in Table 4. 
Examples of some of the PIM NdFeB 
samples after sintering showed 
cracks or bulges which was attributed 
to insufficient solvent debinding of 
feedstock 3. Feedstocks 1 and 2 
reached the theoretical debinding 
rates given by the supplier. Further 
trials with different solvent debinding 
agents and prolonged debinding times 
are expected to further improve this 
stage of the debinding process for 
feedstock 3. 

All feedstock variants were 
processed in the same thermal 
debinding (reducing atmosphere) 
and sintering (inert gas) runs shown 
in Table 4. The sintered PIM NdFeB 
parts were characterised for O2 and C 
content (Fig. 12) as well as magnetic 
properties (B-H demagnetisation 
curves). Table 5 shows the magnetic 
properties obtained in the PIM 
samples in different sintering runs. 
Feedstock 3 with its good carbon and 
O2 levels showed a remanence of 
0.57 T and coercivity of 970 kA/m in 
sintering run 4. These properties, the 
authors stated, were well within the 
range of isotropic NdFeB magnets 
processed by MIM using virgin 
non-recycled powders. 

Further research is being 
done with respect to feedstock 
compounding and PIM processing 
conditions to optimise magnetic 

properties of the recycled powders. 
The near-suppression of O2 pickup in 
feedstock 3 is attributed to the use 
of the three-step compounding route 
under inert atmosphere and using 
this approach for feedstock 2 may 
lead to similar interstitial levels.
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Fig. 12 Oxygen and carbon contents measured in the sintered PIM parts for different feedstocks and for different 
sintering runs [4]

Table 5 Magnetic properties of NdFeB PIM samples using recycled powders [4]

Feedstock 1 Feedstock 2 Feedstock 3

Br [T] jHc 
[kA/m] Br [T] jHc 

[kA/m] Br [T] jHc 
[kA/m]

Sintering run 2 0.26 40 0.21 41 - -

Sintering run 3 0.26 146 0.25 141 0.15 33

Sintering run 4 0.15 15 0.12 16 0.57 970
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apma2017.conf.tw
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www.ceramicsexpousa.com/ 

PM CHINA 2017
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www.cn-pmexpo.com/en/ 

Rapid + TCT
May 8-11, Pittsburgh, USA 
www.rapid3devent.com 
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www.plansee-seminar.com

EPMA -Metal Injection Moulding Seminar
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seminars.epma.com/mim/home

6th National Congress on Powder Metallurgy  
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vicnp.es

POWDERMET2017
June 13-16, Las Vegas, USA
powdermet2017.org

EURO PM2017
October 1-4, Milan, Italy
www.europm2017.com

formnext powered by TCT 2017
November 14-17, Frankfurt, Germany
www.formnext.com
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