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Cover image  
2014 Design Excellence award 
winning MIM parts manufactured by 
Indo-US MIM Tec Pvt. Ltd. and used 
in a hearing aid (Courtesy MPIF)

PIM: Empowering the 
global economy 
 

Globalisation can mean different things to different people, some 
positive, some negative. Globalisation has, however, ultimately 
been driven forward by advances in technology. Without the 
manufacturing innovations that new technologies have enabled, 
it is hard to imagine how there could be truly global products 
such as Apple’s iPhone, which this year reached the milestone of 
500 million units sold since it was launched. 
 
As the Powder Injection Moulding industry reaches maturity, 
it is essential that its achievements are recognised as a truly 
enabling technology by the developers of the next generation 
of global consumer products. What other manufacturing 
technology can deliver a high-precision net-shape metal or 
ceramic component in the tens of millions a week with virtually 
no material waste?
 
As we report in our update on MIM’s phenomenal growth in 
China, there seems to be no let up in demand for MIM parts for 
the consumer electronics industry (page 39). The MIM industry 
worldwide is also enjoying solid growth thanks to its unique 
capabilities and the constant drive for innovative and cost saving 
products. This is clearly reflected in the number of MIM parts 
that were once again recognised at the MPIF’s 2014 Design 
Excellence awards, where two of MIM’s leading international 
producers, ARCMIM and Indo-MIM, won seven awards between 
them (page 47).
 
Innovation, of course, never stands still and there are new 
potentially disruptive technologies keen to find their niche. 
Liquidmetal is one such technology. In this issue MIM industry 
veteran Paul Hauck, now Vice President World-Wide Sales 
and Support at Liquidmetal Technologies, compares the two 
processes and identifies their key advantages and disadvantages 
(page 53).
 
Nick Williams
Managing Director and Editor
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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 
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In this issue
39 Metal Injection Moulding in China: A growth 

phenomenon that shows no sign of slowing 
 The MIM industry in Greater China has grown at an 

astounding rate over the last decade with no signs 
of a slowdown in demand. Dr Yao-Hung Qiu and Judy 
Wang explain the story of the region’s manufacturing 
boom and reveal how the MIM industry has risen to the 
challenges set by OEMs.   

47 MIM manufacturers lead the way in 2014 
MPIF Design Excellence Awards 
MIM parts manufacturers shone once again in the 
Metal Powder Industry Federation’s 2014 PM Design 
Excellence Awards competition. We present the 
winning parts as announced at the PM2014 World 
Congress in Orlando. All stand as excellent examples 
of what MIM technology is today capable of achieving.  

53 Liquidmetal® and Metal Injection Moulding: 
Two complementary metal forming 
technologies 

 Metal Injection Moulding is just one of a number 
of innovative technologies now available for the 
production of complex metal components. Whilst 
MIM itself is considered to be a disruptive technology 
to processes such as machining and investment 
casting, Liquidmetal is also expected to compete with 
these conventional technologies as well as with MIM. 
Paul Hauck introduces Liquidmetal technology and 
highlights both the differences and similarities in the 
two processes.

 

15 42 775632

63 PM2014 World Congress: Advances in PIM 
processing, materials and applications 

 The PM2014 World Congress and Exhibition, Orlando, 
Florida, from May 18-22, lived up to its billing as the 
must-attend Powder Metallurgy event of the year. We 
report on developments in PIM materials, processing and 
applications.  

75 Hansuh MIM Tech: A Metal Injection Moulding 
pioneer in South Korea

 South Korea is today recognised as a major international 
manufacturing economy and Hansuh MIM Tech Co., Ltd., 
one of the country’s longest established MIM operations, 
has witnessed the resulting growth in the demand for 
MIM technology over a period of nearly 25 years. Dr Georg 
Schlieper reports on the history of the company, changing 
markets and the challenges for the future.  

81 The Hannover Fair 2014: Global buyers and 
design engineers learn about the PIM advantage

 Powder Injection Moulding (PIM) may produce only a tiny 
fraction of the total demand for industrial components, 
but the number of PIM companies, both small and 
large, exhibiting at the Hannover Fair has been steadily 
growing. Dr Georg Schlieper visited the exhibition for PIM 
International and reports on what MIM and CIM producers 
had on offer. 

Regular features
4 Industry news
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Industry News

Kinetics acquisition positions 
Dynacast as a global MIM 
front-runner
Dynacast, a global manufacturer of small, engineered 
metal components headquartered in Charlotte, North 
Carolina, USA, has announced that on or about September 
30, 2014, Kinetics Climax, Inc., a Metal Injection Moulding 
manufacturer based in Wilsonville, Oregon, USA, will 
become a wholly owned subsidiary of Dynacast International 
Inc. Simon Newman, Dynacast’s Chief Executive Officer, 
stated that, “This acquisition establishes Dynacast not 

only as a premier precision component manufacturer 
globally, but also as a front-runner in the growing Metal 
Injection Moulding market.” 

Kinetics is one of the largest MIM companies in 
North America. Dynacast stated that Kinetics is a 
leader in the MIM industry and added that the business 
is synonymous with quality and performance, bringing 
exciting technology and experience to Dynacast. 
Kinetics’ experience in complementary markets, 
including the medical and automotive industries, 
aligns with Dynacast’s expertise and the acquisition is 
expected to be a mutually beneficial relationship for 
both companies and their customers. 

Dynacast’s statement added that its in-house tooling 
expertise and design innovation will enhance Kinetics’ 
MIM manufacturing processes. In turn, by leveraging 
Kinetics’ technology and MIM experience, Dynacast 
will be able to accelerate the development of its own 
existing MIM operations, adding even greater value 
to their customers and solidifying their position as a 
leading multi-faceted supplier in the global precision 
metal marketplace.

In February 2013 Dynacast announced that it 
was adding MIM production to its service offerings. 
The addition of MIM as a manufacturing process, 
stated the company at the time, meant that it would 
be able to expand its ability to produce small, 
complex components using a wider variety of metals 
including stainless steel, titanium and copper. 
Using its proprietary die cast and Metal Injection 
Moulding technologies, Dynacast serves companies 
in automotive, consumer electronics, healthcare, 
hardware, computers and peripherals and many 
other industries. Dynacast operates 22 manufacturing 
facilities in sixteen countries worldwide and has some 
5500 employees. 

As reported in the June 2014 issue of PIM 
International, Dynacast’s two new MIM operations 
in Singapore and Chicago have been fully launched. 
Dynacast made a capital investment of $6.6 million in 
establishing its Singapore and Chicago MIM plants and 
whilst sales generated by these plants in 2013 were 
negligible, 2014 was reported as very positive with a 
number of MIM components already in production.

www.dynacast.com   
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Headquarters: Nabertherm GmbH . 28865 Lilienthal/Bremen, Germany . Tel +49 (4298) 9220 . Fax 129 . contact@nabertherm.de

VHT 40/16MO H2

Made
in
Germanywww.nabertherm.com

EuroPM
Salzburg/Austria
September 21-24, 2014
Booth 23

 Standard sizes 8 to 
500 l

 Tmax 1200 °C - 2400 °C
 Graphite, molybdenum, 

tungsten or 
molybdenum-disilicide 
heating

 Operation under 
vacuum, protective, or 
reactive gases

 Certified safety system 
with fail-safe PLC for 
working under hydrogen 

 Graphic touch panel as 
operator interface

High-Temperature Retort Furnaces

 CIM and MIM sintering furnaces available 
 More information, see catalog „Advanced Materials“

PIM_International_216x313_3_September2014.indd   1 18.08.2014   12:12:53
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Choose the best in sintering

Critical Process Parameters 
in MIM Sintering Furnaces
The accuracy of dimensional tolerances of sintered 
MIM parts is limited, especially in the case of larger 
geometries. One reason is green density fluctuations 
introduced during high-pressure injection molding 
leads to inhomogeneous shrinkage behavior at 
elevated sintering temperatures. Another reason is 
large temperature gradients in the furnace hot zone 
cause geometrical distortions, even in part areas with 
rather homogenous density distributions.
 
By examining different factors for determining 
unwanted temperature gradients in MIM vacuum 
furnaces, we are able to evaluate the process 
parameters and present possible improvements by 
utilizing tight control and accurate design of heating 
elements and hot zones, as well as advanced process 
gas management systems, for commercial use in large 
series production environments. 

Find out about critical process parameters for MIM 
sintering heat treatment furnaces, testing results and 
more by visiting the link below.  

Ipsen’s TITAN DS furnace is 
now available in a smaller 
size, specially designed for 
titanium and other high alloy 
materials.

•   High temperature  
     capabilities up to 3,000 °F
     (1,640 °C)

•   All-metal or graphite hot 
     zones are available  

•   18” x 18” x 24” (457 mm x  
     457 mm x 610 mm) work 
     zone 

Visit IpsenUSA.com/Critical-Process-Parameters 
to view the full technical presentation.

*Ipsen also offers debinding and 
sintering furnaces in a variety of 
larger sizes.

mailto:nick%40inovar-communications.com?subject=
http://www.ipsenUSA.com/critical-process-parameters
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Indo-MIM celebrates four 
MPIF awards
Indo-US MIM Tec. Pvt. Ltd. (Indo-MIM), a leading global 
supplier of precision engineered MIM products, is 
celebrating four MPIF PM Design Excellence Awards at 
the recent 2014 World Congress on Powder Metallurgy & 
Particulate Materials (PM2014) in Orlando, Florida. The 
company won prizes in the automotive engine, automo-
tive chassis, hardware/appliances and medical/dental 
categories.  

Krishna Chivukula Jr., CEO of Indo-MIM, stated, “Indo-
MIM’s winning parts in the MPIF awards aptly demon-
strate that the industry is carving a niche to demonstrate 
its best innovative skills and such recognition is the 
icing on the cake! Tapping on the huge scale of an 
unprecedented technological portfolio, Indo-MIM today is 
geared to offer greater flexibility in the mode of business 
offerings so that our customers get exactly what they 
want, when they want it and wherever they want it. At this 
time, getting applauded for our capabilities is something 
happened at the right time to boost our morale.” 

After receiving the prestigious award, Jagadish Holla, 
Vice President (Marketing) commented, “Indo-MIM has 
always claimed to give a platform for innovative thinking 
and being recognised globally on such a platform proves 
again and again that the sky is the limit for us to show-
case our outstanding skills and capabilities.”

Full details of all 2014 MPIF award winning parts can 
be found on page 47 of this issue of PIM International.

www.indo-mim.com   

Expansion at Wittmann 
Battenfeld
Following the commissioning of a new assembly hall for 
large machines in April 2013, Austrian injection moulding 
machine manufacturer Wittmann Battenfeld has 
announced that it is now increasing its capacity for the 
production of large machines by a further 650 m².

The project relates to an extension of the existing 
assembly hall, where a machining centre for clamping 
plates for large machines will be installed. With this 
new machining centre the company states that it will be 
possible to manufacture the clamping plates for all large 
MacroPower machines in-house, a vital contribution to 
improving the production flow in line with assembly and 
to shortening lead times. Building started in July of this 
year. Completion of the hall is planned for the end of 
the year. Commissioning of the new machining centre is 
expected by the end of the 1st quarter of 2015.

www.wittmann-group.com   
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EPSON ATMIX CORPORATION

• Low Alloy Steel

• High Alloy Steel

• Stainless Steel

• Magnetic Materials

• Granulated Powder

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

ASIA and OCEANIA
Mr. Yoshida, Shunsuke
yoshida-s@pacificsowa.co.jp

CHINA
Mr. Ota, Arata
ota-a@pacificsowa.co.jp

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

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

KOREA
Mr. Yun, John
dkico@hanafos.com

Finer Powder Production

Cleaner Powder Production

Shape Control of Powders

Metal-AM website  
launched
To serve the growing demand for 
news and information on metal 
Additive Manufacturing, Inovar 
Communications Ltd launched its 
Metal Additive Manufacturing website 
and monthly e-newsletter service 
in May 2014. The company also 
publishes Powder Injection Moulding 
International and Powder Metallurgy 
Review magazines.

The Metal-
AM website 
combines 
news on the 
latest industry 
developments 
with technical 
articles, confer-
ence reports and 
market information. The e-newsletter 
is a free news service sent monthly 
to over 8500 industry professionals 
worldwide.

www.metal-am.com    

Metaldyne uses 
MIM to produce 
piston cooling jets
Metaldyne Inc. of Plymouth, Michigan, 
USA, a leading producer of struc-
tural PM parts and Powder Forged 
connecting rods, has turned to Metal 
Injection Moulding (MIM) to produce 
complex net shaped piston cooling 
jets at reduced manufacturing cost 
compared to machining. The MIM 
jets are said to offer an ideal solution 
to piston lubrication and cooling in 
automotive engines. 

The MIM piston cooling jets 
(see photo) spray oil in targeted 
areas on engine pistons to reduce 
their temperature and Metaldyne’s 
patented design effectively directs and 
controls oil flow into the areas that 
need it most. The company is said to 
use a proprietary alloy composition 
for the MIM feedstock which after 
sintering offers a density of 7.5 g/cm3. 
Ultimate tensile strength of 250 MPa 
and yield strength of 150 MPa are 
reported.

Design features include a ball 
style flow control check valve offering 
maximum flow efficiency at an 
equivalent pressure to a piston style 
valve and a delayed valve opening at 
low pressure for reduced leakage 
and maintained oil pressure at idle 
conditions. The patented net-shape 
internal oil flow channel increases 
efficiency and oil stream precision for 
hitting tighter target requirements, 
and a patent-pending check valve seat 
geometry reduces noise from opening 
and closing pressure. 

www.metaldyne.com   

Piston cooling nozzles for automotive 
engines produced by MIM (Photo 
Metaldyne Inc.)

mailto:nick%40inovar-communications.com?subject=
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H.C. Starck offers a wide variety of special gas and water atomized high-alloyed metal powders,  
such as Fe-, Ni- and Co-based alloys, as well as customized solutions.

Ampersint@hcstarck.com
www.hcstarck.com

Kinetics Climax, Inc., Wilsonville, 
Oregon, USA, has launched a new 
MIM rapid prototyping service, 
branded QuickMIM, in order to meet 
the demand from end-users for 
sample MIM components without 
the initial high capital investment in 
production tooling and the associated 
development time.

The system uses prototype tooling 
combined with production injection 
moulding machines and debinding/
sintering furnaces, significantly 
reducing tooling costs and lead-times. 
Production grade feedstock is also 
used and a quick turnaround time 
of 21 days for up to 500 as-sintered 
parts is offered. Standard materials 
offered include 17-4PH, 316, 420, 
12Cr, 4605 and 420Nb. Kinetics also 
offers a smartphone app that allows 
customers to select MIM materials 
based on their required properties.  

Kinetics launches new QuickMIMTM 
rapid prototyping service

Kinetics stated, “Customers can 
now achieve unparalleled real world 
results by leveraging our quick, low 
cost, low risk prototyping services. As 
early product design quickly evolves 
and time to market becomes more 
critical, the early selection in sourcing 
manufacturing methods can play 
a critical role on project success. 
QuickMIM offers design teams an early, 
quick and cost-effective alternative to 
directly test component design form, 
fit and function utilising production-
grade MIM materials. Successfully 
prototyping with QuickMIM can allow 
customers to specify and scale this 
manufacturing method for production, 
dramatically shortening develop-
ment timeline and accelerating the 
production path by avoiding alternative 
prototyping methods that often don’t 
represent final production properties.”

www.kinetics.com   

Allflex expands 
service to include 
Metal Injection 
Moulding
Allflex Packaging Products, based 
in Ambler, Pennsylvania, USA, has 
been providing creative packaging 
for over 46 years and specialises 
in the design of cost effective and 
functional packaging products for 
industrial and consumer markets. 

The company, which also 
injection moulds plastic and rubber 
parts either as prototypes or in 
small run quantities, recently added 
Metal Injection Moulding to its 
portfolio. The company stated that 
it will use its experienced injection 
moulding engineers to work with 
MIM customers to design an 
effective model, produce a 3D CAD 
model file, produce prototypes and 
design moulds for series production.

www.allflex.com   

mailto:nick%40inovar-communications.com?subject=
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Catamold®

Imagination is the only limit!

BASF SE
GBU Carbonyl Iron Powder  
and Metal Systems
Powder Injection Molding  
G-CA/MI – J513
67056 Ludwigshafen, Germany
Phone: +49 621 60 52835
E-mail: catamold@basf.com
Internet: www.basf.de/catamold
 

 
Discover the amazing possibilities of metal and ceramic components 
manufacturing using Power Injection Molding with Catamold® and BASF.

With Catamold®, conventional injection molding machines can be used to 
produce geometrically demanding components economically. You can do 
injection molding of metal and ceramic feedstock as easily as plastic. 
And this opens up new means of producing complex components that 
provide economic and technical benefi ts in sectors ranging from Automotive, 
Consumer Products, and Mechanical Engineering to Medical Products and 
Communications/Electronics.

Take advantage of the new diversity in Powder Injection Molding with Catamold®.
Get in touch with us – we’ll be glad to help you on the road to success.

®= registered trademark of BASF SE

[ Catamold® – Inject your ideas ]

892_Catamold_Anzeige_210x297.indd   1 21.08.2008   16:43:11 Uhr
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ARC Group Worldwide, Inc., a leading 
global provider of advanced manu-
facturing and 3D printing solutions 
based in Deland, Florida, USA, has 
announced the appointment of Ali 
Fadel as Vice President of Interna-
tional Sales and Business Develop-
ment, a newly created role at ARC. 
ARCMIM, comprising the manufac-
turing facilities of Advanced Forming 
Technology (AFT) and Flomet, is a 
division of the ARC Group and one of 
the world’s largest MIM producers.

ARC stated that Fadel is a MIM 
industry veteran, having formerly held 
the position of CEO at Indo-US MIM 
Tec Pvt. Ltd, another of the world’s 
largest MIM producers headquartered 
in Bangalore, India. In this newly 
created role he will focus on distrib-
uting ARC products worldwide.

Jason Young, Chairman and CEO 
of ARC, stated, “We are honoured to 

ARC Group appoints former Indo-MIM 
CEO to international sales, expands 
RapidMIM prototyping capacity

have Mr Fadel join our team. Mr Fadel 
has an exceptional background in 
advanced manufacturing and Metal 
Injection Moulding, combined with an 
international sales background. While 
ARC has meaningful penetration in 
the US and European markets, we 
believe there are growth opportunities 
outside of those markets, particularly 
in regions such as Asia. With the 
addition of Mr Fadel, we should be 
able to further cement our leading 
position in MIM and gain additional 
market share. His background is also 
quite strategic to our overall business 
model, which should add to our ability 
to cross sell ARC products and bring 
our advanced manufacturing and 3D 
printing solutions to new markets.”

Fadel added, “I am very excited 
to join the ARC team. I have always 
had great respect for ARC’s leader-
ship in MIM. I also believe they have 

put together the most compelling 
platform in advanced manufacturing, 
with their holistic approach and focus 
on technology, which is what attracted 
me to ARC. I also think their unique 
approach of combining additive and 
subtractive technology is an excellent 
long term strategy. I believe there is a 
big opportunity to take their product 
offering and technology to new 
international markets, which I am 
quite excited to get to work on.”

Fadel has had an extensive 
international sales and advanced 
manufacturing career, having also 
held leadership positions at General 
Dynamics, Barnes Group, Herman 
Miller, Chrysler, and Textron. 

Increased capacity for ARC’s 
RapidMIM technology
ARC Group Worldwide also 
announced that its 3D Material 
Technologies division (3DMT) has 
increased capacity for its rapid Metal 
Injection Molding technology, known 
as RapidMIM. RapidMIM, which 3DMT 
launched in late 2013, dramatically 
reduces the lead time necessary to 

mailto:nick%40inovar-communications.com?subject=
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If you are looking 
for a complete line 
of furnaces for heat 
treatment, look no 
further than GERO.

n Furnaces for MIM 
and CIM production 
and quality testing

n Thermal or catalytic 
debinding without 
the need for 
condensate traps

n Sintering furnaces 
under partial 
pressure or low 
overpressure

www.gero-gmbh.com

Furnaces 
up to 3,000 °C

Gero-Advert-GB-PM-105x297.indd   1 07.04.2014   09:38:55

Industry News

produce production quality Metal Injection Moulded (MIM) 
components from the typical six to eight week process to 
less than two weeks.

This shortened lead-time, stated the company, provides 
designers and engineers with the ability to validate form, 
fit and function prior to final design freeze. Notably, the 
compressed validation time also provides for additional 
design optimisation, thereby improving the final device 
performance and user experience. Further, by optimising 
the design for manufacturability, customers ultimately 
reduce final device cost.

The RapidMIM process is designed for short run 
volumes, providing customers with the ability to produce 
parts from the single digits into the thousands without 
requiring a tooling investment. “Our proprietary tech-
nology provides for the design flexibility and material 
choices available in MIM for low volume production 
projects that aren’t otherwise possible due to the cost of 
tooling,” stated Ashley Nichols, General Manager of 3DMT.

The RapidMIM process uses the same feedstock 
and materials as conventional MIM parts. Alloys avail-
able include low alloy steels, such as MIM-4605 and 
4140, stainless steel alloys such as 17-4PH and 316L, 
and superalloys such as Inconel 718 and MAR-M-247. 
RapidMIM also utilises the same debinding and sintering 
processes, therefore mechanical properties and surface 
finishes are comparable to traditional MIM components.

“For higher production volumes, customers can 
also use RapidMIM to validate their design and process 
on an expedited time line. While launching production 
with RapidMIM, customers can complete MIM tooling 
in parallel, thereby enabling projects to move into full 
production in less than a month,” commented Nichols. 
“RapidMIM is a unique, efficient process that works 
symbiotically with the conventional MIM process offered 
by 3DMT’s sister company, ARCMIM. The combination 
of these services and our 3D printing capabilities makes 
ARC a one-stop shop to our customers by offering a 
spectrum of highly advanced products, processes, and 
services across a variety of generic and proprietary base 
materials.”

“We have received significant traction since the 
introduction of our RapidMIM technology and are excited 
to now launch our online quoting and increased capacity 
for this revolutionary process,” commented Jason 
Young. “We remain committed to bringing cutting edge 
technology and software solutions to the manufacturing 
industry. The automation of our proprietary online quoting 
software, which we have been developing since 2013, 
will help streamline and accelerate the quoting process. 
ARC’s business model remains focused on helping our 
customers improve speed-to-market, by providing high 
quality, holistic manufacturing solutions. Further, we are 
uniquely positioned to seamlessly offer rapid prototyping, 
short run fabrication, and full run production capabilities 
to our customers.”

www.3dmaterialtechnologies.com   
www.arcmim.com   

mailto:nick%40inovar-communications.com?subject=
http://www.gero-gmbh.com


Powder Injection Moulding International     September 201414 © 2014 Inovar Communications Ltd   Vol. 8 No. 3

| contents page | news | events | advertisers’ index | email |Industry News

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.
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Iconic British air rifle manufacturer 
BSA Guns has announced improved 
air rifle component quality and overall 
cost savings thanks to a collabora-
tion with Metal Injection Moulding 
specialist CMG Technologies, based 
in Rendlesham, Suffolk, UK. BSA 
Guns initially approached CMG 
Technologies in early 2013 to request 
assistance in the development of 
its sporting air rifle range following 
quality issues with its previous preci-
sion component manufacturer. 

CMG was initially tasked with the 
development of turnkey components 
required for the air rifle’s trigger 
action, together with other Metal 
Injection Moulded components 
specifically for its sporting range of 
products. Using various metal alloys 
CMG’s technical team processed 
the materials in order to mould 
the components in line with BSA 
Guns’ heat treatment requirements, 
resulting in small, complex compo-
nents produced on a mass scale.

CMG Technologies’ Managing 
Director Chris Conway told PIM 
International, “The air rifle compo-
nents produced for BSA Guns are 
an excellent example of the benefits 
of the MIM process. Not only have 
we been able to mass produce high 
quality components, we have also 

helped to reduce overall company 
costs by introducing other secondary 
operations into the one process.”

CMG has now worked with BSA 
Guns for over a year and has devel-
oped its initial brief of component 
production into a one-stop solution 
for all air rifle components by 
refurbishing tooling and introducing 
secondary operations. This includes 
ongoing support for thermal manage-
ment of other components and full 
quality documentation and capability 
reports. 

As a result CMG Technologies has 
helped BSA Guns improve the quality 
of its air rifle components and ensure 
cost saving per piece on a mass scale. 

Simon Barron, Head of Operations 
at BSA Guns stated, “Our designed 
complex components were a 
perfect fit for the Metal Injection 
Moulding process and I am extremely 
impressed by CMG’s ability to help 
us to develop higher quality air rifle 
components at reduced costs. This is 
a process that can be used on many 
different applications in engineering, 
and is one that designers definitely 
need to be more aware of due to 
its unique capabilities in making 
very small complex metal parts at a 
consistent level of quality.”

www.cmgtechnologies.co.uk    

CMG Technologies helps BSA Guns 
increase air rifle quality at reduced 
costs

An Fe-Ni “long sear” manufactured by CMG Technologies for use in the inset 
BSA air rifle
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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

Research undertaken at Oregon State 
University, Corvallis, USA, has shown 
that mullite-zirconia powder compos-
ites can be successfully Powder Injec-
tion Moulded into complex shapes 
such as miniature turbine stators 
used in drone turbine engines. 

According to a paper by Renee 
Martin and colleagues published in 
the Journal of Materials Research 
and Technology (July–September 
2013, pp 263–268), commercially 
available high-purity mullite (43 
vol%) and ceria-stabilised zirconia 
powders (57 vol%) were used as 
starting materials and mixed with 
a multi-component binder system 
composed of polypropylene, paraffin 
wax, linear low-density polyethylene 
and stearic acid. A powder loading 
of approximately 84 wt.% was used. 
Multi-slotted test pieces were injec-
tion moulded, debound and sintered 
in air at 1500°C for 4 h. Mould filling 

PIM mullite-zirconia to produce 
miniature turbine stator

simulations were performed using 
Autodesk Moldflow 2010 software. 
The simulation studies identified 
suitable processing conditions for 
the injection moulding of miniature 
turbine stators.

The authors stated that sintered 
parts showed relative densities 
greater than 99% and exhibited a 
linear shrinkage of around 20% 
relative to the moulded state. The 
sintered specimens had hardness 
and fracture toughness values of 
11.94 ±0.26 GPa and 4.11 ±0.28 MPa 
m1/2, respectively. The high hardness 
and fracture toughness obtained in 
the present study is attributed to the 
higher amount of zirconia and low 
porosity in the PIM composite. 

Future work will focus on 
determining the optimal injection 
moulding parameters for the 
composite feedstock to fabricate 
the engine part. Also, the effect of 

varying feedstock and composite 
composition will be explored. In 
tandem, the sintering characteristics 
of injection-moulded parts and 
process–property relationships will be 
evaluated.

The above research was also 
the topic of a Master of Science 
Thesis undertaken by Renee Martin 
at the Oregon State University and 
submitted in 2013.   

The miniature Powder Injection 
Moulded turbine stator part 
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Contacts:
William R. Mossner

Dwight Webster
Advanced Metalworking

Practices, LLC
401 Industrial Drive

Carmel, IN 46032, USCarmel, IN 46032, USA
e-mail: info@AMP-LLC.net

Phone: +1 317 843 1499
Fax: +1 317 843 9359

www.advancedmetalworking.com 

Feedstock for Metal Injection Molding

ISO 9001:2008 certified
Supplier of quality feedstock ADVAMET  
Feedstock production from 25 lb to 1700 lb in one batch
Can supply customers with lower cost, off-the-shelf, 
standard 4605 Alloy Steel and 17-4 PH Stainless 
Supplier of Customized feedstock made from numerous Supplier of Customized feedstock made from numerous 
ferrous and non-ferrous metals and alloys.

High Quality Feedstocks since 1988 
-  longer than any other supplier

At Advanced Metalworking Practices feedstock production is our only business. 
Our products are used widely for applications in industries such as medical and
orthodontic, electronics, hardware and sporting goods.

®

ISO 9001:2008 Certified

Advanced Metalworking Practices

Application specific customized 
feedstocks for metals and ceramics

Six commercially available wax/
polymer binder variations 

Feedstock production batches 
available from 10 to 770 kg

AMP was the first to offer commercially 

available PIM feedstock. PIM feedstock 

production is our only business. We offer full 

R&D capabilities including trial size batches, 

capillary rheometery, molding test bars, 

debinding and sintering. 

4511 West 99th Street 
Carmel 
IN 46032
USA

Advanced Metalworking Practices, LLC
Phone: +1 317 337 0441
dwebster@amp-llc.net
ldonoho@amp-llc.net 
www.amp-llc.net

The Forerunner in Powder Injection 
Molding Feedstock

The Fraunhofer Institute for 
Manufacturing Technology and 
Advanced Materials (IFAM), Bremen, 
Germany, has been working with the 
Medical Materials and Technology 
Section at the University Hospital in 
Tübingen to develop cortical bone 
replacement materials fulfilling 
biodegradability, biocompatibility and 
adequate mechanical strength. 

The researchers at IFAM report 
in the August 15, 2014 issue of the 
Journal of Materials Science that 
long-term degradation studies show 
that the addition of beta-tricalcium 
phosphate (ß-TCP) to iron can be 
a novel and promising material 
for degradable bone substitution, 
particularly for load bearing areas 
where high strength is required. Both 
dense and porous Fe/ß-TCP samples 
were Powder Injection Moulded, the 

Novel degradable PIM Fe/ß-TCP 
composites for cortical bone 
replacement

porous samples with 60.3% porosity 
produced with polyoxymethylene as a 
spaceholder. 

Dense and porous samples were 
immersed in 0.9 % sodium chloride 
solution (NaCl) or in phosphate 
buffered saline solution (PBS) for 
56 days. Following immersion, the 
degradation rate, compressive yield 
strength, and ion release were deter-
mined. A maximum degradation rate 
of 196 µm/year was observed after 
56 days for iron with 40 vol% ß-TCP. 
This was found to be 28 % higher than 
for pure iron. After immersion, the 
compressive yield strength of pure 
iron decreased by 44 % (NaCl) and 48 
% (PBS). In comparison, iron with 40 
% ß-TCP samples lost <1 % (NaCl) 
and 9 % (PBS) of strength following 
immersion.

www.ifam.fraunhofer.de   

Intensive short 
course on 
atomisation
Atomising Systems Ltd and Perdac 
Ltd have announced that their popular 
two day intensive course, Atomisation 
for Metal Powders, is scheduled to 
take place in Manchester, UK, from 
February 26-27, 2015.

The course, now in its 11th year, 
will consist of presentations from 
Andrew Yule, Emeritus Professor 
Manchester University, John Dunkley, 
Chairman, Atomising Systems Ltd, 
and Dirk Aderhold, Technical Director, 
Atomising Systems Ltd. Sessions will 
cover the main methods of atomising 
metals, the specific requirements 
for different classes of metal, the 
design, operation and economics of 
plant, measurement methods and an 
introduction to modelling. All current 
atomiser types will be covered.

www.atomising.co.uk  
www.perdac.com      
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CUTTING EDGE TECHNOLOGICAL ADVANCES THAT CAN SAVE YOU THOUSANDS $$

The Metal Injection Molding process can be both risky and very costly unless you have a company like Elnik Systems

working with you. The reason is simple. For over 18 years, Elnik Systems has made technological innovation its 

cornerstone. And innovative thinking leads to smarter MIM performance, we call “MIM-telligenceTM”.

Taking it a step further, once Elnik innovates, extensive fi eld testing is done before their new technology hits the market 

with the help of the full-sized production furnaces at DSH Technologies LLC, a research and development sister 

company of Elnik. Elnik also offers free DSH services for one year with the purchase of each new piece of 

their equipment, providing every Elnik customer with additional customized technical support and dependability. 

Another Elnik “MIM-telligenceTM” benefi t.

INTRODUCINGINTRODUCINGINTRODUCING ELNIK’S ELNIK’S ELNIK’S

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

TM

INNOVATIVE SYSTEM FEATURESINNOVATIVE SYSTEM FEATURESINNOVATIVE SYSTEM FEATURESINNOVATIVE SYSTEM FEATURESINNOVATIVE SYSTEM FEATURESINNOVATIVE SYSTEM FEATURES

  AccuTemp™ proprietary thermocouple control  
 resulting in tight temperature control
 
  Automatic Cleaning Features of binder 
 trapping components and Dry Vacuum Pump.

  ColdFinger™ Debind Trap forced fl ow 
 enhanced binder trapping.
 
  Gas Tight Retort Design Superior gas control  
 throughout process zone, eliminating escaping 
 gas as compared to competitive designs. 

  Laminar Gas Flow effi cient and effective gas   
 management for debinding and sintering.

  Simple Ease of Use PLC controls via Excel 
 spreadsheet.  

mailto:nick%40inovar-communications.com?subject=
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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.comwww.centorr.com/pi

MIM-VacTM 

Injectavac®

MIM debind and sinter 
vacuum furnaces
Over 6,500 production and laboratory furnaces manufactured since 1954
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New book  
charts history of 
sintering
 
A new book written by Professor 
Randal German, Dean of Engineering 
Research, San Diego State University, 
has recently been published 
charting the history of the sintering 
process. ‘Sintering: From Empirical 
Observations to Scientific Principles’ 
describes how the theories and 
understanding of sintering were 

developed and improved over time. 
It looks at how different products 
were developed, ultimately leading to 
important knowledge and lessons for 
solving real sintering problems. 

Written by the most cited author in 
his field, this fascinating book laced 
with people, organisations, critical 
steps and important formulations in 
a mixture of history, personalities, 
applications and insights is essential 
reading for anyone involved in the 
world of sintering. ISBN: 978-0-12-
401682-8. 

www.textbooks.elsevier.com   

Ultra-degradation 
resistant zirconia 
developed by 
Tosoh
Tosoh Corporation, Tokyo, Japan, 
reports success in the development of 
a nanocrystalline, ultra-degradation 
resistant zirconia powder which the 
company states is capable of with-
standing extreme conditions of heat, 
humidity and water temperatures. The 
company worked with the University 
of Tokyo’s Institute of Engineering 
and Japan’s National Institute for 
Materials Science to develop the 
new nanocrystalline zirconia powder, 
which is expected to find applications 
in the dental and medical sectors 
as well as other sectors. Tosoh also 
expects that the production of the new 
zirconia powder will expand the use 
of this fine ceramic to applications 
previously excluded for their adverse 
effect on conventional yttria-stabilized 
zirconia.

According to a report published in 
the journal Nature earlier this year 
the degradation acceleration test 
conducted during the joint Japanese 
research project used 140°C water 
temperature on three high-density 
sintered products: a 3Y powder (3 
mole percentage yttria-stabilized 
zirconia) and two prototypes, a 3Y-A 
powder (with an aluminium-sourced 
additive) and a 3Y-AG powder (with 
aluminium- and germanium- sourced 
additives). The 3Y sintered product 
displayed signs of degradation after 
one day, whereas the 3Y-A and the 
3Y-AG sintered bodies displayed 
virtually no change and remarkable 
resistance to degradation after four 
years. 

www.tosoh.com   

To submit news to Powder 
Injection Moulding International 
contact Nick Williams: 
nick@inovar-communications.com

Submitting News
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EMBEMOULD®  
MIM feedstock | MIM & CIM binders 
At eMBe we have the products and services 
to help you “shape up” your metal or ceramic 
powders, from binders for solvent and catalytic 
debinding to ready-to-mould feedstock.

Develop your 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.

eMBe Products & Service GmbH
Gemeindewald 7, 86672 Thierhaupten, Germany
Tel.: +49 8271 421988-3  Fax: +49 8271 421988-4 
servicepoint@embe-products.com

Embemould® and Embelube® are registered trademarks. 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 solvent or catalytic debinding 
 
EMBELUBE®  
Poreformers for PIM products with porosity

Figures issued by the Japan Powder 
Metallurgy Association (JPMA) show 
that sales of Metal Injection Moulded 
(MIM) components produced by the 
22 reporting MIM companies in Japan 
in 2013 fell by 3.4% to Yen 10.745 
billion ($103.6 million) compared 
with 2012 (Fig. 1). This is the fourth 
consecutive year that MIM sales have 
declined from the high of Yen 11.952 
billion ($115.7 million) in 2010, and 
an even higher level of Yen 15.696 
billion ($151.2 million) reported for 
2007. 

The JPMA stated that sales are 
forecast to fall further in 2014 to 
Yen 9.814 billion ($94.9 million) as 
a result of the transfer of the MIM 
business of Sumitomo Mining Ltd 
to Nippon Piston Ring Ltd not being 
included in this year’s sales figure. 
However, production/sales are 

expected to pick up again in 2015 
especially once the new MIM produc-
tion plant being built by Iwaki Diecast 
is completed by mid-2015. The new 
Iwaki Diecast plant in Washiashi, 
Watari, will focus on the production 
of MIM parts for medical and dental 
instruments.

The decline in MIM sales coincides 

Japan’s MIM 
market continues 
to decline

with the reported fall in consumption 
of metal powders by Japan’s MIM 
producers over the past three years. 
JPMA figures show metal powder 
shipments to the MIM sector falling 
by 11.3% to 281 tonnes in 2013 
compared with 2012 (313 tonnes). 
In 2011 the MIM sector in Japan 
consumed 389 tonnes of metal 

Fig. 1 Sales of MIM products in Japan, 2007 to 2013. 2014 and 2015 are 
estimates (Source JPMA)

Sales of MIM products in Japan
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Plasma Atomized  
Spherical Metal Powders

www.advancedpowders.com
Tel: +1 450.434.1004

bbeauchamp@advancedpowders.com

• Ti gr 1 
• Ti-6Al-4V gr 23 & gr 5
• Nb
• Nickel Super Alloys
• and other high melting point metals

• High Purity
• Excellent Flowability
• Batch to batch consistency

Products

Features

Fig. 3 Distribution ratio of MIM markets in Japan, 2013 
(Source JPMA)

powders. Fig. 2 shows that stainless steel continues to 
dominate materials used for MIM parts at 61.9% in 2013 
compared with 63.4% in 2012.

Reasons for the continuing decline of MIM sales in 
Japan in recent years has been attributed by the JPMA 
to the lack of awareness about MIM technology among 
design engineers and end-user industries compared 
with other manufacturing technologies. There are also 
concerns among end users that the reliability of quality of 
MIM products is still too low.

The end user markets for MIM products continue to be 
dominated by applications in industrial machines (20.5%), 
automotive components (19.3%) and medical appliances 
(19%) with these three sectors taking nearly two-thirds 
of production. (Fig. 3). The remainder is shared by 
information equipment (10.6%), lock systems, watches, 
communications equipment, cameras, motorcycles, 
toys, and others. Medical appliances are expected to see 
future increases in the use of MIM parts, whilst IT and 
communications equipment are expected to decrease 
because of the transfer of MIM production to lower cost 
Asian countries.

www.jpma.gr.jp   
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Usage of MIM materials in Japan, FY2013 
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Fig. 2  Distribution ratio of MIM materials in Japan, 2013 
(Source JPMA)

Usage of MIM materials in Japan, FY2013

Markets for MIM products in Japan, FY2013
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PolyMIM GmbH is a manufacturer offering 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 covers high-end applications with 
our special alloys as well as the mass production 
requirements seen in the automotive and 
telecommunications industry, for example.

Every possible challenge in the Metal Injection 
Molding process can be overcome with our range of 
products tailored to our customers’ requirements.

Contact us to find a match for your application! 

Phone: +49 6751 85769-0
Fax:      +49 6751 85769-5300 
Mail:      info@polymim.com
Web:      www.polymim.com
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Fig. 1 Metal Injection Moulded part sales in Europe to 2013 

MIM part sales in Europe

MIM market trends 
highlighted at the PM2014 
World Congress 
In the ‘Global Trends’ plenary session at the PM2014 
World Congress on Powder Metallurgy and Particulate 
Materials, Orlando, May 18-22, the presidents of the 
Metal Powder Industry Federation (MPIF), European 
Powder Metallurgy Association (EPMA) and Japan Powder 
Metallurgy Association (JPMA) highlighted the current 
state of the MIM industry in each of these key regions. 

North America 
Richard Pfingstler, MPIF President, reported that 
the North American MIM market continues to enjoy 
robust growth. MIM grade powder shipments increased 
substantially to between 1125 and 1440 mt in 2013 and 
the current US MIM parts business consists of about 70 
companies of which an estimated 25%, or 18 companies, 
are captive operations. 

The total value of MIM industry sales in 2013 was 
estimated to be in the region of $300 to $350 million and 
this is expected to grow by 10 to 15% in 2014. Beyond 
MIM’s traditional parts markets, which include firearms, 
medical/dental, general industrial, and electronics, it 
was stated that the automotive market in North America 
looks especially promising for MIM parts that go into 
fuel injection and turbocharger applications. Aerospace 
engineers are also considering specifying MIM parts in the 
next generation of aircraft engines. 

It was also stated that the Hot Isostatic Pressing 
(HIP) business is enjoying healthly growth because of 
the demand for densifying MIM parts, a significant trend 
during the last three years. Around 50 to 60% of MIM 
firearms and medical parts are HIPed and the HIPing of 
MIM aerospace parts is also a growing market. 
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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

Euro PM2014

Salzburg / Austria

21-24 September 2014

see us at Booth 46

Fig. 1 Metal Injection Moulded part sales in Europe to 2013 

Fig. 2 MIM sales in Asia 2012 (Source JPMA MIM Market Research/ Kato 
Professional Engineer Office) 

Europe
Philippe Gundermann, President 
of the EPMA, stated that the MIM 
market in Europe is estimated 
by the association to consume 
around 2,000 mt of metal powders 
annually, with a strong growth in 
sales in 2013 to just over €250 
million. Around 50% of MIM parts 
manufactured in Europe are made 
from stainless steel grades, 25% 
low alloy steel, 5% soft magnetic 
materials, 1% titanium and 19% 
others. Gundermann reported 
that there are some 40 to 50 
MIM part producers in Europe 
supported by a strong supply chain 
for feedstock, injection moulding 
equipment and debinding/sintering 
furnaces.  

European MIM companies, 
it was suggested, seem to be 
less likely to develop their own 
feedstock compared with their 
North American counterparts. 
Automotive applications for MIM 
in Europe also make up a higher 
market share than other regions. 

Asia 
Mamuro Moritani, President of the 
JPMA, reviewed the state of the 
PM and MIM industries in Asia. 
The size of the industry in 2012, 
based on data presented for China, 
Japan, India, Taiwan and Korea 
was estimated at $470 million. 
However it is widely believed that 
strong growth in demand for 
MIM products in Asia will have 
significantly increased this figure 
for 2013 and 2014. 

Moritani also reported that the 
JPMA is actively promoting PM and 
MIM in Japan, especially to young 
company employees. Thirteen MIM 
member companies of the JPMA 
are supporting the development 
of standards for the rotating bend 
fatigue properties of MIM materials 
including stainless steels, Ti and 
Ti6Al4V alloys, with the work being 
carried out at Kyusyu University, 
Japan.

www.mpif.org
www.epma.com
www.jpma.gr.jp   

China,   
$230 million  

Japan,   
$110 million  

India,   
$70 million  

Taiwan,   
$35 million  

Korea,   
$25 million  

MIM parts sales in Asia, 2012
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innovative and advanced metallurgical technology,  
and the ability to offer customized formulations,  
grades, and sizing (even down to 10 microns),  
makes AMETEK your industry choice. 
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World’s largest metals research 
consortium to be established with 
Euro 1bn funding
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The world’s largest research 
consortium in the field of metals 
research and manufacturing is to 
be created by European industry in 
the form of Metallurgy Europe. The 
R&D programme has recently been 
selected as a new Eureka Cluster 
and will bring together over 170 
companies and laboratories from 
across 20 countries. Funding for the 
project has been stated as €1bn over 
seven years.

The European Powder Metallurgy 
Association and a number of other 
European organisations such as 
the European Space Agency (ESA), 
European Synchrotron Radiation 
Facility, the Institut Laue-Langevin 
and the Culham Centre for Fusion 
Energy are reported to be providing 
their expertise and innovation 

to this initiative. A number of 
Europe’s largest engineering and 
manufacturing companies are 
participating.

“This new programme allows us 
to enter the high-tech metals age. 
The top management of industry 
have come together for the first time 
on this important topic, and there is 
a confident feeling that Metallurgy 
Europe will deliver many unique, 
exciting and profitable technologies,” 
stated Professor David Jarvis, 
Chairman of Metallurgy Europe 
and head of strategic and emerging 
technologies at ESA. The team 
believes that the programme has the 
potential to create over 100,000 new 
jobs in the materials, manufacturing 
and engineering sectors.

www.esa.int   

Autumn/Fall issue 
of PM Review now 
available for free 
download
The latest issue of Powder Metallurgy 
Review, the magazine for the PM 
industry, has just been published 
and is available to download free 
of charge from the publication’s 
website. 

The 88 page Autumn/Fall 2014 
issue (Vol. 3 No. 3) issue includes 
an extended profile on leading 
North American PM parts producer 
Keystone Powdered Metal Company, 
with a focus on the Keystone’s award 
winning Powder Forged helical pinion 
gears. There are also reports from 
the HIP’14 conference in Stockholm, 
Sweden and the 2014 Powder Metal-
lurgy World Congress in Orlando, 
USA, as well as a review of the status 
of hardmetal standards.  

www.ipmd.net/pmreview   
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With Avure’s new Uniform Rapid Quenching (URQ) technology 

Hot Isostatic Pressing and Quenching can for the first time be 

combined in the same machine. 
 

Controlled cooling rates up to 3,000°C/min can be achieved  

and the main benefits compared to conventional quenching 

are: reduced residual stresses, more accurate tolerances and  

less machining of the heat treated product.

Reduced Thermal Stresses

HIP Quenching Values
By combining the possibilities of high pressure and  

temperature control, URQ can offer the market:

•	New	possibilities	for	material	development

•	Heat	treatment	steps	can	be	included	into	the	HIP	cycle

•	Process	steps	can	be	removed	from	the	usual	process	route	 

 to increase productivity and reduce cost

The Ultimate Heat 
Treatment Machine

Uniform Rapid  
Quenching of 
hammerhead 
– 500°C/min

Due to the high pressure, 
quenching in a HIP avoids  
thermal stresses, warping  
or cracking of your parts,  
compared with oil and/or  
water quenching. 
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Avure Technologies is the Global Leader in High Pressure Technology
With more than 50 years of experience and expertise, Avure Technologies is unmatched as a solution provider of 
world-class high pressure presses. Avure has an installed base of over 1,700 systems worldwide, including: isostatic 
presses (hot and cold), sheet metal presses (Flexform), high tonnage ram presses and food presses. All products 
and services leverage our in-depth expertise in delivering the finest high pressure solutions.  
Read more on industry.avure.com

Thermal stresses 
salt bath (60s)

Thermal stresses 
URQ (60s)

158 MPa 50 MPa

Please visit industry.avure.com/URQ 

to change your view on Hot Isostatic Pressing.
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Schunk Group, based in Heuchel-
heim, Germany, has announced that 
it achieved a turnover of close to 
€940 million in 2013, the second-
highest turnover in the history of the 
company, despite what is describes 
as difficult economic conditions.

The Group stated that although 
sales in Germany and Western 
Europe declined because of market 
conditions, these remain the most 
important markets for Schunk. The 
highest growth rate of all regions 
was achieved in Eastern Europe. A 
considerable growth in sales was also 
achieved in Asia and, on a currency-
adjusted basis, in the USA, which 
means that the corporate strategy 
to expand the business in America 
and Asia also paid off in 2013. “These 
countries offer the best opportunities 
to increase market share and benefit 

Schunk Group achieves growth 
despite challenging conditions

from high growth rates at the same 
time,” stated Dr Arno Roth, CEO of 
the Schunk Group. “Our companies 
in Germany, which employ over half 
of our staff, also benefit from our 
successful overseas business,” he 
added.

Despite the challenging market 
conditions, Schunk has managed to 
further improve its market position 
and exceed the previous year’s sales. 
This was primarily down to the stable 
automotive market, the group’s 
largest customer segment. Based 
on the profit development and the 
financial stability in 2013, the Ludwig 
Schunk Foundation has again 
decided to pay Schunk employees a 
profit-share payment this year.

The Schunk Group has made a 
positive start to the new year and is 
optimistic about the future. “2014 is 

also proving to be a challenging year 
but Schunk is very well positioned 
in all business areas. We are 
experiencing increased demand 
for our high-tech products and are 
also benefiting from the current 
economic upswing in our core 
markets,” stated Roth.

Schunk is an international 
technology group with approximately 
8,150 employees in 29 countries. 
The company offers a broad 
range of products and services in 
the areas of carbon technology 
and ceramics, environmental 
simulation and climate technology, 
Powder Metallurgy, Metal Injection 
Moulding, and ultrasonic welding 
technology. The Sinter Metals 
division consists of Schunk 
Sintermetalltechnik GmbH in 
Heuchelheim, Germany, Schunk 
Sintermetalltechnik GmbH in Thale, 
Germany, and Schunk Sintermetal 
S.A. de C.V in Mexico.

www.schunk-group.com      
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Mixing for Metal Injection Molding?

• Winkworth Laboratory/Production Z (Sigma) Blade 
   Mixers - proven in Metal Injection Molding 
• Used by Researchers and in Production - worldwide
• Complete process control and monitoring
• Easy Clean – just 5 minutes – batch to batch
• Designed and Made in England

For more information about Winkworth Sigma Z Mixers

Call Sales on: +44 (0)118 988 3551
 E: info@mixer.co.uk 
W: www.mixer.co.uk
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Production Z Blade 

Mixers

GKN posts strong 
performance figures for its 
PM division
GKN plc results for the six months ended 30 June 
2014 showed strong performance figures for the 
group’s Powder Metallurgy Division, the world’s 
largest manufacturer of sintered components. GKN 
Powder Metallurgy comprises GKN Sinter Metals and 
Hoeganaes.  

GKN Powder Metallurgy sales for the six month 
period to 30 June were £471 million. Strong growth was 
achieved in North America and China whereas growth in 
Europe was more in line with vehicle production. Sales in 
South America fell due to weaker automotive markets. 
Around 80% of GKN Powder Metallurgy sales are to the 
automotive market, with the balance to other industrial 
customers. 

The organic increase in profit was £9 million, including 
£5 million of restructuring charges reported in 2013, 
partially offset by the £4 million negative impact of 
currency translation. “We have continued to outperform 
our key markets and report good underlying financial 
results in spite of sterling’s strength and some end 
market weakness. We expect these trends to be 
maintained in the second half. GKN is continuing to 
make encouraging progress against its strategy,” stated 
Nigel Stein, Chief Executive, GKN plc. 

www.gkn.com   

Carpenter Technology 
reports full year results
Carpenter Technology, a leading producer of special 
alloys, titanium alloys, gas atomised metal powders 
and high alloy steels, reported a fall of 4% in net sales 
to $1,783 million (excluding surcharges) in the financial 
year ending June 30, 2014, despite a 6% rise in the 
volume of material shipped. Net income was reported as 
$132 million. 

William A Wulfsohn, President and CEO, stated 
that overall company earnings and margins improved 
sequentially from the third to fourth quarters of fiscal 
year 2013/2014, and that the sales backlog in the 
Specialty Alloys Operation (SAO) was up 32% year-on-
year. SAO sales of premium alloys and stainless steels 
for the year were $1,345 million (excluding surcharges) 
whilst sales for the Performance Engineered Products 
(PEP) segment were $498.6 million ($520.1 million in 
2013). The PEP segment includes the Carpenter Powder 
Products division which contributed $48.6 million to 
sales ($55.9 million in 2013). Carpenter is one of the 
world’s leading metal powder producers using the 
Micro-MeltTM gas atomisation process. 

www.cartech.com   
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LÖMI, a market leader in solvent 
debinding furnaces for the PIM 
industry based in Aschaffenburg, 
Germany, has recently delivered a 
large order of CIM solvent debinding 
furnaces to one of its renowned 
regular customers in the watchmaking 
industry. The customer, reacting to 
ongoing technological advances in 
the PIM industry, changed all of its 
previous debinding technology to 
organic solvent debinding technology 
in 2011. Since then, it has placed 
orders for increasing numbers of 
CIM debinding furnaces with LÖMI. In 
2014 alone the company has ordered 
as many debinding systems as in the 
two previous years combined. A total 
of fifteen LÖMI systems are now in 
operation at the customer’s facility.

LÖMI told PIM International that its 
solvent debinding technology offers 
many advantages. “MIM/CIM part 
producers are free in their choice of 
feedstock, as numerous kinds of feed-
stock systems can be processed. This 
makes it easy for part producers to 
test new feedstocks, or to add another 
feedstock producer as a supplier, 
without having to invest in a new 
debinding furnace. In addition, our 
solvent debinding process causes very 
little wear and tear, which ensures a 
very long lifetime and low operational 
costs for their furnaces,” stated Ralf 
Wegemann, Marketing Director at 
LÖMI. The company’s furnaces feature 
a high-quality stainless steel design 

Success for LÖMI debinding technology 
in the watchmaking industry

with integrated drying of parts, saving 
production time and costs as no 
additional handling of the brown parts 
is required between debinding and 
drying. In addition, the systems are 
environment-friendly as the solvent is 
operated in a closed system where it is 
completely recycled.

“This customer uses several 
LÖMI debinding furnaces EBA-150, 
which are particularly suitable for 
small lightweight MIM/CIM parts. 
Over the last year there have been 
many process improvements in this 
particular furnace. Examples are 
an adapted filling procedure which 
ensures that the small lightweight 
parts stay at their location on the 
trays at all times. To facilitate the 
monitoring of the debinding, drying 
and solvent recovery processes for 
the operator, the current states of the 
various process parameters are now 
shown on the display in real time,” 
commented Wegemann. 

A variety of trays and mobile 
loading aids are available for easy 
single-handed and time saving 
loading and unloading of the furnace. 
The wear-free loading mechanism 
inside the process chamber prevents 
abrasive particles from being created, 
which ensures clean surfaces of the 
brown parts. In addition, the loading 
mechanism is completely removable, 
which makes the cleaning of the 
process chamber significantly easier.

www.loemi.com   

View of a LÖMI debinding furnace with mobile loading aid
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Silcon Plastic Srl, located in the industrial area of 
Forno di Zoldo, near Belluno in the heart of the Italian 
Dolomites, is one of the country’s leading producers 
of injection moulded plastic components. Founded in 
1986 the company moved to its present 4,500 m2 facility 
in 2002 and has been specialising in the injection 
moulding of a number of plastic and thermoplastic 
materials with a focus on supplying the major Italian 
and foreign eyewear producers. The company is 
equipped with more than 100 hydraulic or electric 
moulding machines including those also capable 
of bi-injection and over-moulding technologies. 
Production of plastic moulded parts is supported 
by a team of specialised technicians in the design 
department, and a well equipped in-house mould 
workshop gives Silcon Plastic the flexibility to quickly 
make any requested changes to the design of parts or 
moulds. 

In 2007 the management of Silcon Plastic decided to 
take advantage of the experience gained over 20 years 
of plastic moulding to also embrace Metal Injection 

Silcon Plastic broadens 
MIM production with high 
strength titanium alloy

Moulding (MIM). A production unit was established 
and the company started to produce its first austenitic 
316L stainless steel parts in 2008. Martensitic 17-4PH 
stainless steel was added soon after and the company 
uses an environmentally friendly binder system with 
the primary binder being soluble in hot water and 
the secondary binder removed thermally. As in the 
production of plastic moulded parts, the Silcon Plastic’ 
MIM department undertakes and controls the entire 
production cycle from moulding to debinding, sintering, 
and finishing to quality control. 

The MIM department is also able to take advantage 
of the many years’ experience of mould construction for 
complex plastic parts and has developed technology for 
the plastic overmoulding of MIM parts. The company 
stated in an EPMA Showcase ‘Spotlight on PM’ at the 
recent 2014 PM World Congress & Exhibition that 
MIM was the best solution to create the two complex 
stainless steel and plastic shaped components used for 
spectacle frames (Fig. 1). The connection between the 
plastic and stainless steel was particularly challenging 
because of the high geometrical precision required on 
the metal part to allow the over injection of the plastic.

In 2014 the company completed a research 
project with the University of Trento to optimise the 
production of MIM Ti-6Al-4V alloy. This has resulted 
in the company being able to produce MIM Ti alloys 
with excellent mechanical properties and with perfect 
control of the interstitial elements oxygen, carbon and 
nitrogen, which in turn avoids embrittlement of the Ti 
alloy and enables a high ductility value to be achieved. 

Fig. 1 Plastic overmoulded MIM stainless steel 
components for designer eyewear applications

Fig. 2 MIM Ti-6Al-4V parts used in a adjustment system of 
a knee rehabilitation system 
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The company states that  the O, C, and N values 
are below those reported in the ‘Handbook of Metal 
Injection Moulding’ and mechanical properties are 
comparable to ASTM standard for wrought Ti-6Al-4V. 
The company is developing applications for the MIM 
Ti alloy in the biomedical as well as other sectors. 
One biomedical application that offers lightweight in 
combination with high strength is a joint system for 
the adjustment of the position of knee joints during 
rehabilitation. The two MIM Ti alloy parts in the joint 
(Fig. 2) weigh just 45.8 g compared to 80.4 g for the two 
parts in stainless steel. 

Silcon Plastic believes its future is strongly linked 
to the development and growth of its MIM production 
and whilst important goals have already been achieved 
in terms of MIM technology and research, further 
investments will be made to help the company develop 
new solutions and to find new markets. An interesting 
feature of the company’s facility in Forno di Zoldo is the 
192 kWp photovoltaic system installed on the roof of the 
plant in 2011, and which over the past three years has 
generated 600,000 kWh of electricity with more than 80% 
being used for internal needs.

www.metalinjectionmolding.it   

Fig. 3 Debinding systems at Silcon Plastic Fig. 4 A TAV MIM vacuum furnace at Silcon Plastic

mailto:nick%40inovar-communications.com?subject=
http://www.tav-vacuumfurnace.com


Powder Injection Moulding International     September 201434 © 2014 Inovar Communications Ltd   Vol. 8 No. 3

| contents page | news | events | advertisers’ index | email |Industry News

See us on stand 39

Euro PM
2014

EOS founder invests in Lithoz
Lithoz, the world’s first systems provider for the Additive 
Manufacturing of high-performance ceramics, has 
announced that Dr Hans J Langer has invested in the 
company. As founder and CEO of EOS, a world leader in 
the field of laser sintering, Langer’s participation in Lithoz 
underlines the high potential of the company’s technology. 

Dr Johannes Homa, CEO and co-founder of Lithoz, 
told PIM International, “In the past three years Lithoz has 
managed to establish a new and innovative production 
method in the field of high-performance ceramics. 
Through our partnership with Dr Langer our work finds 
special recognition and our future growth opportunities 
will increase significantly.”

Crucial for Langer’s participation at Lithoz was the 
company’s unique technology. The technology developed 
by Lithoz makes it possible for the first time to produce 
high-quality and fully functional high-performance 
ceramic components by using an Additive Manufacturing 
process. High-performance ceramics are often 
considered the material of the future. “Many companies 
are already convinced of the economic and technical 
advantages of the patented technology of Lithoz,” stated 
Homa.

Langer commented, “With Lithoz we have found a 
partner who will complement our product range ideally 
in the future. While EOS is the world leader in the field of 
laser sintering of metals and plastics, the technology of 
Lithoz will open up a variety of new technical applications 
in the field of high-performance ceramics. In my opinion 
there is great potential for high-performance ceramics 
especially in aerospace and medical applications. “

Dr Johannes Patzer, CTO and co-founder of Lithoz 
stated, “Because of their outstanding properties, high-
performance ceramics are used wherever other materials 
fail. This applies, for example, to components that are 
used in corrosive environments or components that are 
exposed to extreme tribological environments and high 
temperatures.”

Lithoz technology has been used with success in the 
CIM industry for the Rapid Prototyping of fully functional 
ceramic parts. 

www.lithoz.com   

High purity alumina gear wheels manufactured using 
Lithoz technology, as-sintered, with a diameter of 6 mm
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PIM International, the magazine 
for the metal and ceramic injec-
tion moulding industries, is now 
available for the first time as a free 
digital download. Launched in 2007, 
the quarterly PIM International 
magazine quickly established itself 
as the essential publication for those 
involved in MIM and CIM worldwide 
thanks to high quality editorial 
content that ranges from technology 
developments and application reviews 
to company profiles, industry news 
and technical papers. 

Nick Williams, Managing Director 
of Inovar Communications Ltd 
and Editor of PIM International, 
stated, “The decision to make PIM 
International available as a free digital 
publication will further broaden our 
readership within the PIM industry, 
and serve to promote MIM and 
CIM technology to the end-user 
communities worldwide.” 

PIM International now available as a 
free digital download

“Since our launch in 2007 our 
subscription base has grown every 
year and we will continue to serve 
subscribers with a high quality print 
edition of our magazine.” 

The PIM International Magazine 
Archive 
It has also been announced 
that digital back issues of PIM 
International magazine are now 
being made available as free PDF 
downloads, creating a new free-to-
access resource for end-users and 
the PIM community. 

“Over the coming months we 
will be adding to the archive and it 
is our hope that this resource will 
serve to increase awareness of MIM 
technology and allow end-users 
access to information on the 
latest commercial and technical 
developments,” stated Williams.

www.pim-international.com   

Demcon MIM 
receives 2014 
Fachmetall Award

The Fachmetall PM Qualification 
Award 2014 was recently presented 
to Demcon Metal Injection Moulding 
bv, based in Oldenzaal in the 
Netherlands. Demcon, a Dutch 
group of companies, is an important 
developer and manufacturer of 
medical devices and mechatronic 
applications. 

The Metal Injection Moulding 
subsidiary of Demcon, formerly 
known as Mimo Technology, produces 
ferrous MIM parts for in-house 
applications and for the open market. 
Rob Egberink, who received the Award 
from Holger Davin of Fachmetall 
GmbH, a metallurgical laboratory 
specialising in investigations of 
Powder Metallurgy materials based 
in Radevormwald, Germany, is 
Production Manager of the MIM plant.

www.fachmetall.de   
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Industry News

Sigmasoft® Virtual Molding 
reduces costs in PIM
Sigma Engineering GmbH, based in Aachen, Germany, 
has developed innovative technology to virtually reproduce 
the moulding of green parts for the Powder Injection 
Moulding (PIM) industry. Sigmasoft Virtual Molding, states 
the company, is a revolutionary software tool that has been 
introduced to the PIM market to identify as early as possible 
quality issues in the green part and thus increase final 
sintered part quality, minimise scrap production during 
start-up, improve the stability of production processes and 
shorten the time-to-market for new parts. 

Sigma has worked for over a decade to understand and 
solve the moulding problems specifically associated with 
PIM processing and several specific models have been 
integrated to reproduce the unique rheological and thermal 
behaviour of PIM feedstocks. With the Sigmasoft Virtual 
Molding approach, the moulding process of green parts 
now takes place “virtually” on a computer, to assess the 
performance of a given mould configuration and to identify 
possible quality issues during the mould design phase. From 
the start, states the company, early technology adopters 
have profited from the benefits of using its software and 
the global community of successful PIM users has grown 
significantly in recent years. 

Sigmasoft believes that the PIM industry faces several 
challenges. On the one hand, the complexity of the parts and 
the production versatility is increasing, whilst on the other 
hand PIM processors need reliable and timely data in order 
to design efficient moulds. Quality problems in green parts 
must be identified early and fixed. At the same time, robust 
and stable production processes are required. Depending 
on the available sintering equipment, the processor must 
be able to easily switch from one feedstock to the other, to 
shorten start-up times for new products with a minimum of 
scrap, as well as ensure consistently high green part quality 
in order to run continuous sintering equipment efficiently. 
A complete understanding of the moulding process is 
therefore essential in order to be successful. 

Sigmasoft states that its technology provides PIM 
producers with the information required to make sound 
decisions about mould configuration, including questions 
regarding the right positioning of the gating. Mechanical 
weakness or undesirable aesthetic marks due to the poor 
positioning of welding lines, particle segregation associated 
with high shear rates or possible voids are all visualised 
on screen as they would appear in the moulded part. The 
relevance of these issues increases proportionally with part 
complexity, states Sigmasoft, as previous experience may 
not be enough to ensure a smooth and profitable production. 

The company also suggests that producers are able to 
more securely assess up-front the feasibility of a part, as the 
process and moulding costs, cycle time and the moulding 
complexity can be fully understood, thus increasing the 
ability to make decisions about engaging in new projects. 

www.sigmasoft.de   
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Following the completion of brand 
new offices and manufacturing 
facilities in Bovenden, Germany, the 
integration of two long established 
furnace manufacturers, Ruhstrat 
GmbH and Eisenmann AG, has now 
been completed. The PM activities 
of both companies will be joined and 
centralised in Bovenden in order to 
exchange know-how and experience. 
Eisenmann AG acquired Ruhstrat in 
2011 following a number of years of 
co-operation.

The first results of this co-operation 
have already been demonstrated in 
the joint development of a second 
generation roller hearth sintering 
furnace. Combining Eisenmann’s 
extensive know-how in roller furnaces 
and Ruhstrat’s long time experience 
with protective atmosphere, the next 
generation sintering furnace has been 
commissioned. These new furnaces 
feature an efficient delubing system 

with an optional direct gas fired 
section, combined with improved 
energy efficiency and lowered gas 
consumption. 

Founded in 1888, Ruhstrat GmbH 
has a long tradition in high tempera-
ture furnaces. At the end of the 19th 
century, co-operation with Nobel prize 
winner Prof Walter Nernst from the 
University of Göttingen resulted in the 
construction of the first resistance 
heated high-temperature furnace suit-
able for temperatures up to 3000°C. 
Since then, Ruhstrat  has focused on 
customised solutions for advanced 
heat treatment of powdered materials 
and graphites. In the 1990s specialist 
MIM equipment for debinding and high 
temperature sintering was introduced, 
including a continuous sintering 
furnace operating at around 1500°C. 
In addition to serving the PM industry, 
Ruhstrat has been building continuous 
furnaces for the carbon fibre 

producing industry, where tempera-
tures up to 3000°C are commonplace. 
It is this capability which led to a close 
co-operation between Eisenmann and 
Ruhstrat.  

Eisenmann entered the PM 
industry at the end of the 1990s, 
when it introduced its first high 
temperature roller hearth sintering 
furnace. The Eisenmann system 
consists of individual furnace 
modules, each with its own roller 
drive unit, connected through double 
gate door systems. This allows the 
user to set a unique temperature 
profile and atmosphere, adapted to 
the specific needs of each processing 
step in the sinter process (delubing, 
sintering, hardening, annealing etc). 
With sintering temperatures up to 
1350°C and atmosphere separation, 
both traditional as well as advanced 
materials could be produced with a 
very high accuracy. Eisenmann has 
furnace manufacturing capabilities in 
Germany, US, Mexico and China. 

www.ruhstrat.com 
www.eisenmann.com    

Ruhstrat and Eisenmann join forces for 
a new generation of sintering furnaces
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FCT Anlagenbau GmbH
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D-96515 Sonneberg Fax +49 3675 / 7484-44 web: www.fct-anlagenbau.com

FCT Anlagenbau GmbH
promote, design, manufacture and sell systems for the development and production of 
heavy-duty material.

The furnace specialist for
 Vacuum  Gas pressure sintering

 Hot pressing  Debinding

 Annealing  Tempering

 Sintering  Heat treating

Our performance
 Consulting during the conception of a plant

 Development and design of plants

 Manufacturing of plants

 Start-up and After-Sales Service

 Maintenance and modernisation of existing plants

Applications
 Maximum temperature continuous furnaces  Sintering furnaces

 Gas pressure sintering furnaces  Vacuum hot presses

 Debinding and pyrolysis furnaces  Thermal post combustion

 Special plants and manipulating eqiupments  Solvent debinding system
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Metal Injection Moulding in 
China: A growth phenomenon 
that shows no sign of slowing

The Metal Injection Moulding (MIM) industry in Greater China has grown 
at an astounding rate over the last decade with no signs of a slowdown in 
demand. Dr Yao-Hung Qiu and Judy Wang explain the story of the region’s 
manufacturing boom and reveal how the MIM industry has risen to the 
challenges set by OEMs. From laptops to smartphones and wearable 
technology, MIM remains a very attractive technology to the designers of 
the latest must-have 3C devices. 

MIM in China

From April 27-29 this year Shanghai’s 
Everbright Convention & Exhibition 
Centre was packed with PIM equip-
ment manufacturers, raw material 
suppliers and parts producers 
participating in the annual China 
(Shanghai) International Powder 
Metallurgy Exhibition & Conference 
(PM China). Of these companies, 
more than 80% were from China. 
In less than five years, China’s MIM 
industry has proliferated from less 
than ten plants to over a hundred 
and this astounding phenomenon is 
still ongoing. In the past three years 
Shanghai’s PM China Exhibition has 
become ever more popular, especially 
for the MIM industry. It’s unlikely that 
even Professor German could have 
foreseen that. 

Manufacturing in China 

People may wonder what caused the 
rapid rise of China’s MIM industry 
and what products keep the country’s 
MIM industry at full capacity. To 
understand this fully, it is important to 
understand the driving forces behind 
the so-called China phenomenon 

within global manufacturing. In 
China there are a large number of 
workers because of the country’s 
culture and education system. It is 
normal for children to receive nine 
years of compulsory education but 
no more. Due to the poverty in the 
countryside, rural children normally 
leave their hometowns to look for 
a better life after they finish junior 

high school. They hope someday to 
improve their lives and go back home 
in glory. Therefore a large labour 
force is willing to work diligently, 
which supplies the requirements of 
the many factories. Fortunately, the 
quality of this workforce is fairly good.

In addition, incentives from the 
Chinese government attract foreign 
investment from around the world. 

Fig. 1 MIM and PM technology attracted many thousands of visitors to the 2014 
China (Shanghai) International PM Exhibition & Conference (PM CHINA)
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FCT Anlagenbau GmbH
promote, design, manufacture and sell systems for the development and production of 
heavy-duty material.

The furnace specialist for
 Vacuum  Gas pressure sintering

 Hot pressing  Debinding

 Annealing  Tempering

 Sintering  Heat treating

Our performance
 Consulting during the conception of a plant

 Development and design of plants

 Manufacturing of plants

 Start-up and After-Sales Service

 Maintenance and modernisation of existing plants

Applications
 Maximum temperature continuous furnaces  Sintering furnaces

 Gas pressure sintering furnaces  Vacuum hot presses

 Debinding and pyrolysis furnaces  Thermal post combustion

 Special plants and manipulating eqiupments  Solvent debinding system

mailto:nick%40inovar-communications.com?subject=
http://www.fct-anlagenbau.com


Powder Injection Moulding International     September 201440 © 2014 Inovar Communications Ltd   Vol. 8 No. 3

| contents page | news | events | advertisers’ index | email |MIM in China

The government offers a variety 
of these incentives, especially for 
investment from other Asian countries 
such as Taiwan, Hong Kong, Japan 
and Korea, who all enjoy significant 
advantages in terms of geography 
and culture. These investors can 
acquire large areas of land on which 
to establish their factories. They 
can make good use of government 
resources to earn revenue and profits, 
which in turn increase tax income 
for the government. The government 
provides a sound social environment 
coupled with a modern infrastructure 
such as electricity, water systems, 

transportation and construction to 
help the growth of enterprises. All of 
this support is superior to that offered 
by other neighbouring countries.

As a result, a clustering effect is 
often created because of the heavy 
demand on suppliers. Assembly 
of consumer electronic products 
requires the supply of a huge volume 
of mechanical, electronic and optical 
components. Part suppliers therefore 
establish their production plants close 
to the assembly factories in order to 
guarantee timely delivery and stable 
quality. The large volume of parts 
required attracts many suppliers, 

generating a cluster of factories. 
One benefit of this is to reduce, if not 
eliminate, the risk of supply shortfall.

The buyers’ constant pursuit of 
components with ever higher quality 
standards creates intense competition 
between suppliers. Buyers will 
choose capable suppliers and then 
set various requirements and assist 
suppliers to improve the quality 
of their products for stable OEM 
production. This can relieve pressure 
and ensure the smooth delivery of 
goods. In this way, Chinese MIM 
suppliers’ production has become 
more disciplined and systematic. 
Meanwhile, buyers have to choose 
more than two capable suppliers 
in order to reduce procurement 
risk. This causes a flow of talent 
between suppliers, which naturally 
promotes the rapid development 
and advancement of MIM production 
technology. 

Because of the ongoing drive for 
product and technology improvement, 
greater demands are being placed 
on production equipment. Key 
equipment has to be upgraded 
after many years of use, but new 
equipment is expensive and often 
comes with complex operation 
systems. Promoting the localisation 
of equipment supply has therefore 
become an important issue, which in 
turn increases productivity and lowers 
the cost of manufacturing.

The efficiency improvements and 
greater capabilities of this equipment 
allows buyers and local suppliers to 

1
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Main areas for MIM production 
in Greater China

Fig. 2 The distribution of MIM facilities in Greater China

Fig. 3 MIM hinge cams are one of most successful MIM 
products to be used in the 3C industry, with production 
historically reaching one million pieces per day

Fig. 4 MIM hinge assemblies for laptop and notebook 
computers
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earn more profit. More equipment 
manufacturers can then invest to 
build cheaper and more user-friendly 
machines. This positive cycle reduces 
the threshold for newcomers to enter 
into the business and we therefore 
see ever more capable suppliers 
joining the supply chain.

The evolution of consumer 
electronics

The ongoing growth of the consumer 
electronics industry has laid the 
foundation for China’s position as the 
world’s manufacturing centre. Key 
product areas for the industry have 
evolved over the decades and include: 

• Watches 

• Video game machines 

• Household appliances 

• Personal computers 

• Laptops and notebook PCs 

• Cell phones 

• Tablet PCs 

• Smartphones 

• Smartwatches and wearable 
electronic devices

These products all enjoy similar 
production procedures. Several 
international and well-known 
electronics OEMs have been in China 
for more than fifteen years including 
Foxconn, BYD, Jabil Green Point, 
Flextronics, Pegatron and Quanta. 
These manufacturers produce vast 
quantities of consumer electronics 
of all types and naturally generate 
sustainable profits. All their efforts 
help to make China the electronics 
manufacturing centre for the world.

China’s MIM industry

The Chinese MIM industry conforms 
to the above phenomenon. As Fig. 2 
shows, MIM plants in Greater China 
are generally located in five major 
areas. The concentration of MIM 
factories in Chang’an, Dongguan 
City, Guangdong Province, is the 
greatest in the world. Using it as the 
centre point and drawing a circle with 
a diameter of 200 km, you get the 

famous Pearl River Delta Economic 
Area, covering Guangzhou, Dongguan 
and Shenzhen, shown as Zone 1. A 
conservative estimate is that there 
are at least fifty MIM factories here. 
The size of these factories varies from 
one to forty production lines (two sets 
of injection moulding machines and 
one 240 litre sintering furnace is one 
standard production line). 

Zone 2 is Taiwan, where the first 
MIM factory started production in 
the late 1980s. One of Taiwan’s MIM 
plants was the first to enter the Apple 
supply chain. 

Zone 3 is Northern China, 
including Beijing, Tianjin and 
Shandong. There is a famous MIM 
plant in Beijing, Beijing Jarain PIM 
Tech. Co.,Ltd., which can produce 
MIM parts weighing more than 2500 g. 
It is understood that the company 
aims to increase this maximum part 
weight to over 4500 g this year. 

Zone 4 is the Yangtze River Delta 
economic circle, located south of 
the Yangtze River, and the Hangzhou 
Bay Economic Zone that includes 
Shanghai, Suzhou, Hangzhou, Ningbo 
and Jinhua. Since this area combines 
electronic devices, hardware and 
commodity products, its potential 
growth is close to that of Zone 1. 

Zone 5 is Western China, a 
developing area that includes 
Sichuan, Yunnan and Chongqing. Here 
weapons, industrial machinery and 
automotive parts are widely produced. 
MIM technology is also developing in 
this region.

The chronology of MIM 
applications in China 

As China has discovered, the 
concentration of MIM plants in one 
area generates strong competition, 
but what types of products have 
enabled these MIM plants to survive 
so far? From our observations over 
nearly five years, we have noticed that 
the following can be given as good 
examples of Chinese MIM products. 

2001 to 2009: Laptop and notebook 
computer hinge cams
More than 90% of the world’s laptop 
and notebook computers have been 
manufactured in China, with nearly 
1.5 billion produced between 2001 
and 2009. The hinge cam (Fig. 3) was 
one of most successful MIM products 
to be used in the 3C industry. The 
requirements of these products, such 
as small size, high volumes of up to 
one million pieces per day, and the 

Fig. 5 A Blackberry smartphone showing the 316L MIM stainless steel logo 
embedded in the rear cover 
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need for a wear resistance material, 
fitted well with the characteristics 
of the MIM processes. Fig. 4 shows 
typical hinge assembly for laptop and 
notebook computer. The material 
is Fe-Ni alloy and tool steel and the 
manufacturer is Shin Zu Shing Co., 
Ltd., located in Taiwan.

2009 to 2011: Smartphone logo
Blackberry decided to use MIM 
logos for its smartphones, an 
application that required a high level 
of brightness that would not fade in 
a complex shaped design. MIM 316L 
created the perfect part, as shown in 
Fig. 5. The logo was manufactured 
from 316L stainless steel by 
Chenming Mold Ind. Corp. (UNEEC), 
headquartered in Taiwan with a MIM 
factory in Chang’an.

2011 to present: The Apple Lightning 
connector
The use of MIM for Apple’s Lightning 
connector had a major impact on the 
Chinese MIM industry (Fig. 6). This 
new charging cable design for Apple 
Inc. was the first connector product to 
use the MIM process. The peak output 
of more than five million pieces per 
day lasted for more than six weeks. 
The part is manufactured from 
17-4PH stainless steel by Foxconn 
(Hon Hai Precision Industry Co., 
Ltd.), headquartered in Taiwan with 
a MIM factory in Foshan, Guangzhou 
City, Guangdong Province. Since this 
application 17-4PH stainless steel has 
become the new favoured material for 
MIM parts.

2012 to present: SIM tray for 
one-piece smartphones
A smartphone with a non-removable 
battery was a masterpiece of 
Apple product design, however 
Apple’s designers didn’t adopt MIM 
technology for its SIM tray, preferring 
to use CNC machining. Other mobile 
phone brands, however, such as HTC 
started to use MIM process for this 
part, reducing manufacturing costs 
and bringing many other benefits 
(Fig. 7). Subsequently, Chinese mobile 
phone brands such as Coolpad, 
Huawei, ZTE, MIUI also adopted this 
technology. These trays are typically 
316L and 17-4PH stainless steel and 
are manufactured by more than 50% 
of MIM factories in China.

 
2013 to present: Wearable devices 
and smartwatches
Wearable electronic devices are 
not a new technology as watches 
have clearly existed for a long time. 
A watchcase requires a high gloss 
metallic texture and appropriate 
strength for protection. At the same 
time a fashionable design is of course 
essential. Smartwatch housings 
are excellent demonstrations of the 
advantages of MIM process (Fig. 8). 
Typical materials are 316L and 
17-4PH stainless steels. A noteable 
manufacturer is Zoltrix Material 
International Ltd, headquartered 
in Hong Kong with a MIM factory 
in Panyu District, Guangzhou City, 
Guangdong Province.

Good product design drives 
MIM industry growth

We must thank Apple for its 
contribution to the development 
of the MIM industry in China. The 
smartphone SIM tray is an exemplary 
MIM product, which in itself is enough 
to allow the Chinese MIM industry to 
continue to survive. Such innovative 
product designs bring a number of 
benefits. The MIM SIM tray design, 
for example, simplifies smartphone 
design because a battery back 
cover is not required which in turn 
saves the cost of electronic parts, 
manufacturing and assembly. Such 
space saving designs also increase 

Fig. 6 The use of MIM for Apple’s Lightning connector had a major impact on 
the Chinese MIM industry 

Fig. 7 MIM SIM trays have become big business, with more than 50% of China’s 
MIM factories producing these parts 
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smartphone battery capacity by more 
than 10%.

A further advantage is that users 
cannot replace the battery with 
non-standard substitutes, thereby 
avoiding performance reduction and 
increasing safety. As we all know, 
non-brand batteries carry the risk of 
explosion. When a smartphone needs 
to be repaired, consumers have to 
go to the store they bought it from or 
the repairing station designated by 
telecom operators. Thus, consumers’ 
recognition of mobile phone brands is 
improved and telecom operators gain 
more trust.

Apple’s application of MIM in 
smartphone hardware has had a 
wider positive effect on the industry 
in China. The traditional methods 
of manufacturing metal parts such 
as forging and CNC machining have 
been partially replaced by MIM 
process over the last couple of years. 
More engineers and designers have 
appreciated the benefits of MIM 
process, so are applying it to more 
products, not only mobile phones.

Importantly, the combination 
of MIM and CNC machining can 
decrease the total processing time 
of a metal part. When the demand 
for metal parts increases rapidly, 
the MIM process is a good choice. It 
is a notable trend that MIM factories 
with CNC machining capacity are 
becoming an important partner in the 
3C industry.

Other considerations

Secondary operations 
In China it is common for secondary 
operations to consume much of 
a product’s profit. Because of the 
pressure of timely delivery, MIM 
plants do not have enough time to 
adjust or modify moulds so they often 
have to perform secondary operations 
to achieve the right product size. This 
is against the MIM principle of net 
shape production.

Mutual assistance
The management and senior 
executives at Chinese MIM companies 
work hard to run their plants and 
have a strong desire to learn. Small 

Fig. 8 The Pebble Steel smartwatch is just one example of the new wave of 
wearable technology that promises to keep MIM plants in China busy

Fig. 9 Equipment producers in China are responding to domestic industry 
trends with the introduction of new technology. This feedstock mixing 
and pelletising machine is manufactured by injection moulding machine 
manufacturer Greenlong Machinery
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and medium size MIM firms share 
information and assist each other, 
which is a very empathetic way of 
doing business here in China.

Inspiring the next generation
The younger generation in China 
are getting involved with the MIM 
industry. Most of the engineers are 
around 30 years old - they are young 
and passionate. National leaders 
have specifically identified that 
Powder Metallurgy is a key devel-
oping technology for the future and 
more colleges and universities have 
started material science related 
academic departments to cultivate 
more young people for this industry.

MIM feedstock and materials
In terms of feedstock usage, many 
Chinese MIM plants are still using 
BASF’s proprietary Catamold 
feedstock system and it is estimated 
that BASF holds 75-80% market 
share. Self-made feedstock 
technology has been lagging behind 
international standards. In the last 
two years, however, because of the 
availability of domestic feedstock 
production equipment and a greater 
understanding of mixing technology, 
self-made feedstock technology is 
finally catching up.

MIM material processing in China 
is also becoming more diversified. 
From three major early materials, 
Fe-Ni, 316L and 17-4PH, interna-
tional suppliers such as Sandvik 
Osprey and BASF are continuously 
introducing new technology and 
sharing their research. 

Automation
China’s MIM industry still lacks 
automatic systems to remove green 
parts from moulds and place them 
onto trays. Instead the industry 
relies on a massive labour force. One 
reason behind this lack of automa-
tion is the fact that 3C products, 
with the associated high volumes of 
production over a short period, are 
the mainstream. These products 
have short life cycles that make the 
design of automation systems more 
complicated.
 

Improved moulds
The idea of outsourcing mould 
production has gradually come into 
shape in China and it is recognised 
that purchasing moulds from 
professional mould manufacturers 
can help MIM plants concentrate on 
manufacturing good MIM products.

Outlook

Huge capacity investment by the 
Chinese MIM industry, and the entry 
of major international MIM companies 
such as Indo-MIM (India) and Kinetics 
(USA) as competitors in the Chinese 
market, has made Chinese MIM 
professionals aware of the urgent 
need to upgrade their technology. At 
the same time it is recognised that 
more effort is needed to develop 
markets for MIM. 

Production equipment is frequently 
imported, with Chinese injection 
moulding machine producers 
accounting for less than 10% of 
market share. Japanese injection 
moulding machines are the most 
popular in China, with Nissei being the 
market leader. In terms of continuous 
furnaces for MIM, Germany’s Cremer 
Thermoprozessanglagen GmbH 
dominates the market. Chinese 
manufacturers are, however, capable 
of producing good quality, low price 
batch-type catalytic debinding 
furnaces.

The concentration of investments 
and fighting for the same orders from 
the market has meant that smaller 
MIM factories have had a hard time 
and they struggle to find a way to 
survive. However, many of the large 
MIM companies in China are growing 
rapidly because they have technical 
development capabilities and benefit 
from brand recognition and strong 
marketing. They can therefore gain 
orders from the major global 3C 
manufacturing companies. 

There is an expression in Chinese 
Buddhism, “To see a world in a grain 
of sand,” which is a perfect expression 
for PIM practitioners. Chinese PIM 
counterparts should work together, 
dive headlong into this industry and 
follow their international forerunners 
to make their due contributions. 
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For a number of years MIM parts 
manufacturers have led the field 
in the Metal Powder Industry 
Federation’s (MPIF) PM Design 
Excellence Awards competition and 
2014 was no exception. The winners 
were announced at the PM2014 World 
Congress, Orlando, USA, May 18-22 
and two industry giants, Indo-US 
MIM Tec Pvt. Ltd and ARCMIM, led 
the field. These award winning parts, 
stated the competition organisers, 
prove time and again that Powder 
Metallurgy products, whether 
manufactured by conventional press 
and sinter PM or via Metal Injection 
Moulding, are a major competitor in 
the service of end-users who operate 
in demanding and highly competitive 
environments. 

The MIM industry continues to 
push the boundaries of complexity, 
tolerances, and mechanical 
properties past their already 
impressive scope, expanding into 
new applications and extending 
opportunities within existing 
applications.

Grand Prize Awards

Automotive Engine  
Indo-US MIM Tec Pvt. Ltd., Bangalore, 
India, won the Grand Prize in the 
Automotive Engine category for four 
MIM parts; a blank discharge check, 
a stop discharge check valve, a valve 

discharge check, and a CRV spring 
seat (Fig. 1). These parts are used 
in a device that controls fuel flow in 
Gasoline Direct Injection (GDI) pumps 
made for Stanadyne Corporation.

Three of these parts are made 
of 440C stainless steel, while the 
fourth is made of 17-4 PH. The 

Metal Injection Moulding 
manufacturers lead the way in 
2014 MPIF Design Excellence 
Awards

Metal Injection Moulded (MIM) parts manufacturers shone once again 
in the Metal Powder Industry Federation’s 2014 PM Design Excellence 
Awards competition. The winning parts, announced at the PM2014 
World Congress in Orlando, stand as excellent examples of what MIM 
technology is today capable of achieving and a number of parts used 
in automotive applications reflect the growing recognition of MIM 
amongst automotive designers and engineers.   

Fig. 1 MIM parts manufactured by Indo-US MIM Tec Pvt. Ltd. and used in a 
Gasoline Direct Injection (GDI) pump (Courtesy MPIF)

Award winning MIM parts
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extremely complex geometry of 
the blank discharge check, with 
the intercrossing of holes, required 
tooling with six side cores, three of 
which move at different timings.

This design was judged by the 
manufacturer to be perhaps the 
most complex high-volume part ever 
made by Metal Injection Moulding. 
The customer achieved cost 
savings of close to 35%, while the 
pump performance was improved 
by modifying the hole geometry 
to enhance flow dynamics, with 
the result being a 10% - 20% fuel 
economy boost.

Medical/Dental  
FloMet LLC, an ARCMIM Company, 
DeLand, Florida, USA, won the Grand 
Prize in the Medical/Dental category 
for two 5 mm tines, one fixed and one 
moving, that go into a thermal tissue 
fusion and dissection system made by 
its customer ConMed (Fig. 2).

The fusion and dissection system 
uses direct thermal energy and 
pressure to effectively seal, transect, 
dissect, and coagulate tissue. 
Fabricated via MIM from 17-4 PH 
stainless steel, the tines overcame 
many moulding and processing 
challenges, including the fixed tine’s 
length and thin-rib requirements, as 
well as the need for straightness over 

its entire length for full functionality 
with mating components.

Highly innovative tooling and 
advanced thermal processing 
techniques were employed to 
produce two components in a final 
as-assembled condition with only 
minimal secondary operations being 
needed. The manufacturer’s expertise 
in maximising MIM’s advantages was 
persuasive in having the customer 
redesign the product to make MIM 
the preferred manufacturing method.

Electronic/Electrical Components 
A three-piece assembly made by 
FloMet LLC, an ARCMIM Company, 
for Shure Incorporated won the Grand 
Prize in the Electronic/Electrical 
Components category. The parts, 
a nozzle interface, outer nozzle 
and metal collar, go into high-end 
sound-isolating earphones that 
enable user-customisable frequency 
responses (Fig. 3).

Made via MIM from 316L stainless 
steel, the components achieved the 
objective of producing final net-shape 
parts that not only met the cost 
demands of the highly competitive 
professional-audio market but 
maintained a cosmetically perfect 
surface critical in a consumer product 
with a clear exterior.

MIM was the ideal choice, as 
alternative fabrication methods, such 
as die casting or machining, could not 
have provided the precision needed 
at a reasonable cost, nor been able 
to provide the required material 
performance.

Awards of Distinction

Automotive Chassis 
Indo-US MIM Tec Pvt. Ltd., won the 
Award of Distinction in the Automotive  
Chassis category for this spur gear 
made for Magna Closures, Canada 
(Fig. 4). The gear is used in the 
rear-door assembly of SUVs to enable 
their opening in the event of loss of 
automatic control function.

Made via MIM from 4605 low-alloy 
steel, the part replaced a gear that 
was machined and had the pin welded 
on, achieving estimated savings of 
30% in the process. This gear is 

Fig. 2 MIM parts manufactured by FloMet LLC, an ARCMIM Company, for use in 
a thermal tissue fusion and dissection system (Courtesy MPIF)

Fig. 3 MIM parts manufactured by FloMet LLC, an ARCMIM Company, for use in 
high-end sound-isolating earphones (Courtesy MPIF)

Award winning MIM parts
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an outstanding example of MIM’s 
ability to meet close tolerances on 
concentricity and perpendicularity 
on a part with such a lengthy gear 
profile. The manufacturer delivers 
720,000 parts annually.

Hardware/Appliances 
Indo-US MIM Tec Pvt. Ltd., received 
the Award of Distinction in the 
Hardware/Appliances category for 
three parts, an output shaft, lever 
and cover, that are assembled into 
the quick-change mechanism of a 
Dremel multitool (Fig. 5).

The mechanism allows for the 
swapping of any tool bit within 
seconds. Made via MIM from 4605 
low-alloy steel, the three parts, 
designed specifically for MIM, are 
made close to net shape, with only a 
few secondary operations performed 
to achieve close tolerances.

The highly complex geometry 
of the shaft, with three holes 
intercrossing at 120 degrees, 
required six side cores per moulding 
cavity.

Hand Tools/ Recreation 
Advanced Forming Technology, 
an ARCMIM Company, Longmont, 
Colorado, won an Award of Distinction 
in the Hand Tools/ Recreation 
category for a lock hood for a 
muzzleloading rifle made for its 
customer Smith and Wesson (Fig. 6).

Manufactured via MIM from 4605 
low-alloy steel, the hood’s complex 
geometry presents a challenge 
for maintaining the large U-shape 
sufficiently undistorted so that it 
can be coined into final tolerance. 
This is accomplished using a unique 
sintering and staging approach that 

Fig. 4 MIM parts manufactured by Indo-US MIM Tec Pvt. Ltd. and used in the 
used in the rear-door assembly of SUVs (Courtesy MPIF)

Award winning MIM parts
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utilises an “active” setter made of a 
feedstock having a similar shrink rate 
to the hood.

The MIM process allowed the 
customer to offer the rifle at the 
desired price point in this competitive 
market.

Medical/Dental 
Smith Metal Products, Center City, 
Minnesota, USA, won an Award of 
Distinction in the Medical/Dental 
category for a MIM 17-4 PH stainless 
steel shaft assembly used in a novel 
surgical instrument for passing 
suture through difficult-to-reach 
tissue (Fig. 7). Unlike most surgical 
tools, this instrument is single-use so 

a precise fabrication process had to 
be developed that could be scaled up 
to deliver high volumes at low cost.

The process involves moulding 
the shaft, which measures almost 
180 mm, in two parts before laser 
welding them together and then 
performing finish machining, 
ID reaming, heat treating, sand 
blasting, and passivation to achieve 
the tightly toleranced dimensions. 
This method was four to five times 
less expensive than Swiss CNC 
machining would have been.

Medical/Dental
Indo-US MIM Tec Pvt. Ltd., won 
a final Award of Distinction in the 

Medical/Dental category for a sound 
tube used in a hearing aid made 
by its customer Phonak, Germany 
(Fig. 8).

The part’s function is to enhance 
sound frequency and improve 
hearing. Manufactured via MIM 
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.

An original design for MIM, it is 
estimated the part provides 20% 
cost savings over competing forming 
processes. The manufacturer 
delivers 500,000 parts annually.

Fig. 6 MIM parts manufactured by Advanced Forming 
Technology, an ARCMIM Company, and used in a lock 
hood for a muzzleloading rifle (Courtesy MPIF)

Fig. 7 MIM parts manufactured by Smith Metal Products 
and used in the shaft assembly of a novel surgical 
instrument (Courtesy MPIF)

Fig. 5 MIM parts manufactured by Indo-US MIM Tec 
Pvt. Ltd. and used in the quick-change mechanism of a 
Dremel multitool (Courtesy MPIF)

Fig. 8 MIM parts manufactured by Indo-US MIM Tec Pvt. 
Ltd. and used in a hearing aid (Courtesy MPIF)

Award winning MIM parts
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Metal Injection Moulding (MIM) is just one of a number of innovative technologies 
now available for the production of complex metal components. Whilst MIM 
itself is considered to be a disruptive technology to processes such as machining 
and investment casting, Liquidmetal is also expected to compete with these 
conventional technologies as well as with MIM. Paul Hauck recently joined 
Liquidmetal Technologies following a career of more than 27 years in MIM. In this 
article he introduces Liquidmetal technology and highlights both the differences and 
similarities in the two processes. 

Liquidmetal and MIM

Liquidmetal® and Metal 
Injection Moulding: Two 
complementary metal forming 
technologies

When I was first introduced to the 
Liquidmetal process I invested a 
great deal of time learning what the 
process was capable of accomplishing 
and how the process compared to 
Metal Injection Moulding (MIM). This 
included developing an understanding 
of any overlaps in the applications 
each technology was best suited to 
serve. 

During more than 27 years in the 
MIM industry I looked at thousands of 
potential MIM applications, manu-
factured hundreds and witnessed 
hundreds more through my various 
industry activities and participation 
in trade organisations like the Metal 
Powder Industries Federation (MPIF) 
and the Metal Injection Molding Asso-
ciation (MIMA). I estimate that nearly 
90% of those parts produced by MIM 
were ideally suited for the process 
and not economically practical with 
any other manufacturing route. MIM 
has essentially enabled metal-part 
designs that were not possible before 
its arrival as a commercially viable 
technology. The other 10% of the 
parts were not well suited for MIM, 
but still somehow found their way to 
be produced by the process. 

This either happened through 
increasing customer requirements 
and specification changes over 
time (scope-creep) or as a result of 
overconfident MIM parts producers 
who struggled to be successful with 
their original planned processes and 
costs. 

While I have only been with Liquid-
metal Technologies for a short time, 
I have discovered that MIM and the 
Liquidmetal processes are actually 
complementary technologies. Both 
processes employ injection moulding 
technologies and each serves a niche 
with little to no overlap. 

Fig. 1 Liquidmetal Technologies, Inc. Corporate Headquarters and 
Manufacturing Center of Excellence in Rancho Santa Margarita, California, 
USA
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The purpose of this article is to 
provide a brief Liquidmetal history 
and share insights about the two 
processes. I will also discuss how 
the Liquidmetal process works and 
compare its capabilities to MIM.

The Liquidmetal story

The fundamental innovations leading 
up to Liquidmetal technology date 
back over fifty years. At that time, 
however, amorphous alloys could only 
be manufactured in very thin ribbons 
using a sputtering method to achieve 
the massive cooling rates required to 

defeat the normal crystallisation that 
occurs when metal changes from a 
liquid to a solid. In the early 1990s, 
with support from NASA, CalTech 
formulated Vitreloy, the first Bulk 
Metallic Glass (BMG) alloy with a 
thickness much greater than 1 mm. 
Adding to this significant discovery, 
this was the first amorphous alloy 
that required modest cooling rates 
of only tens of degrees per second, 
providing orders of magnitude 
improvement over earlier alloys (see 
Fig. 2). 

Liquidmetal’s company history 
begins in 1987 as Amorphous 
Technologies, Inc. (ATI), established in 
Southern California as a privately held 
company. By the 1990s the company 
acquired the exclusive patent rights 
to Vitreloy from CalTech. ATI later 
changed its name to Liquidmetal 
Technologies, Inc. while developing 
the manufacturing process for 
producing amorphous alloy products. 

Liquidmetal Technologies’ 
amorphous metals have remarkable 
physical properties compared to 
conventional alloys. In the molten 

state, conventional alloys also 
possess an amorphous structure 
or liquid-like molecular structure. 
However, during the cooling process 
while transitioning to their solid 
phase, conventional alloys naturally 
tend to crystalise into regular 
geometric atomic structures. These 
structures often result in weak 
regions along the boundaries of these 
crystalline geometric structures, 
which are commonly referred to as 
grain boundaries. In contrast, Liquid-
metal alloys retain an amorphous, 

liquid-like atomic structure in their 
solid state. Liquidmetal alloys solidify 
as a frozen liquid without a phase 
transformation. The chemistries of 
two key Liquidmetal alloys are shown 
in Table 1.

Liquidmetal alloys are generally 
stronger than conventional alloys 
because they do not have grain 
boundaries or crystal defects such as 
vacancies, interstitials, dislocations, 
or stacking faults. In addition to 
high strength, Liquidmetal parts 
exhibit very high elastic strain 
limits compared to conventional 

Fig. 2 Cooling rates required to 
achieve an amorphous atomic 
structure in various materials. Inset: 
early amorphous alloys could only 
be manufactured in very thin ribbons 
using a sputtering method to achieve 
the massive cooling rates required

Fig. 3 Four-point bend test 
demonstrating the high elastic limit 
of Liquidmetal alloys. Test specimen 
is 45 mm long x 15 mm wide x 1.85 
mm thick. This load represents 3% 
elastic strain, which is higher than the 
published strain limit of the material 

‘Liquidmetal alloys are generally 
stronger than conventional alloys 

because they do not have grain 
boundaries or crystal defects such as 

vacancies, interstitials, dislocations, or 
stacking faults’

Composition by Weight %

LM-001B LM-105

Zirconium Zr 67.02% 65.67%

Titanium Ti 8.80% 3.28%

Copper Cu 10.61% 15.60%

Nickel Ni 9.80% 11.75%

Niobium Nb - -

Beryllium Be 3.76% -

Aluminium Al - 3.70%

Table 1 The chemistries of two key Liquidmetal alloys, LM-001B and LM-105

mailto:nick%40inovar-communications.com?subject=


September 2014    Powder Injection Moulding International 55Vol. 8 No. 3  © 2014 Inovar Communications Ltd

| contents page | news | events | advertisers’ index | email | Liquidmetal and MIM

alloys (Fig. 3). I occasionally hear 
concerns of amorphous alloys 
being “brittle” or easy to break, but 
usually the criticism comes in the 
absence of recognising the highly 
elastic characteristic of the material. 
Combining these levels of strength 
and elasticity produces a very robust 
material. When amorphous alloys do 
fail the failure mode is quite abrupt. 
Part design freedom is, however, 
tremendous due to the overall unique 
properties of the alloys.

The company

Liquidmetal Technologies, Inc. 
became a publicly traded company 
with its Initial Public Offering in 
2002, focusing the business on 
producing parts for the consumer 
electronics market. The company 
invested IPO proceeds into building a 
manufacturing centre in South Korea, 
developed custom modified vacuum 
die-casting machines and sourced 
all its raw materials and alloys. Short 
consumer electronics product life 
cycles and tremendous production 
volume ramp-up demands tested the 
scalability of the process at the time 
and challenged the company’s ability 
to maintain a profitable business. 

Liquidmetal Technologies, Inc. 
had a re-start in 2010 when it sold 
an exclusive licence to Apple Inc for 
consumer electronics applications. 
At around the same time, The Swatch 
Group Ltd. converted its non-exclusive 
licence to an exclusive licence for 
watch applications. 

While there was a clear under-
standing of material requirements 
for the process, moulding machine 
technology had not yet been perfected 
to desired standards for mass produc-
tion. Both of these issues have been 
addressed since 2010 and now the 
company offers technology licensing 
opportunities to metal-part fabrica-
tion businesses and customers. 

Today, Liquidmetal Technologies 
retains rights to 63 patents and has 53 
additional patents pending. Liquid-
metal’s corporate headquarters and 
Manufacturing Center of Excellence 
are located in Ranch Santa Margarita, 
California, USA.

Technology partners

Liquidmetal Technologies has 
developed two key strategic relation-
ships. The first priority was to find 
an experienced global materials 
processor that could manage the 
requirements of vacuum melting the 
Liquidmetal alloys in large production 
volumes. The company established 
a strong working relationship with 
Materion Brush, Inc. which is now 
a provider of certified Liquidmetal 
alloys.

Materion is an integrated producer 
of high performance engineered 
materials used in a wide variety of 

applications and markets globally. 
Founded in 1931, the company now 
serves customers in more than 50 
countries with operating, service 
centre and major office locations 
throughout North America, Europe 
and Asia. Materion’s global reach was 
critical to Liquidmetal’s interest to 
serve global needs with its process 
technology.

Liquidmetal Technologies also 
joined forces with Austria’s Engel 
GmbH to develop a certified injection 
moulding machine for the mass 
production of Liquidmetal alloys into 
three-dimensionally complex parts. 
Engel was an ideal fit to Liquidmetal’s 

Fig. 4 Omega’s Seamaster Planet Ocean Liquidmetal® watch with a ceramic 
and Liquidmetal bezel

Fig. 5 Materion’s facility in Elmore, Ohio, USA
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ecosystem due to its position in the 
market as a technology leader for 
thermoplastics, elastomers and 
corresponding automation systems. 
Engel’s global sales and aftersales 
support was a key attribute needed 
to support global manufacturing 
interests and to offer Liquidmetal 
customers global support for these 
special machines. The two compa-
nies began their collaboration in 
2010 and Engel now commercially 
offers its machines, capable of 
processing Liquidmetal alloys in a 
fully automatic cycle, to Liquidmetal 
licensees.

The process today 

The Liquidmetal process starts with 
ingots. Liquidmetal alloy ingots in 
the shape of rods weighing up to 
100 g are heated to over 1000°C 
under vacuum. When the ingots are 
fully molten they are injected under 
pressure into near conventional injec-
tion moulds. Mould temperatures 
are controlled to cool and solidify 
the Liquidmetal alloy into final part 
geometries, which achieve physical 
properties immediately after this 
single step moulding process. Early 
generation machines were hybrid die 

casting machines. Whilst Engel could 
have used major components of a 
110 (120 US) ton e-Motion machine 
from its fully electric machine series, 
the injection system required unique 
design changes for processing 
amorphous metals. This resulted 
in eliminating the conventional 
screw and barrel assembly, which 
was replaced by a special injection 
unit tailored to the application. The 
injection of amorphous metals is 
completely different from plastics 
processing, requiring precise control 
over melt temperatures and viscosi-
ties while under vacuum.

The e-Motion machine develop-
ments for processing amorphous 
alloys resulted in a very compact 
material melting and injection system 
with a melt chamber that holds the 
raw Liquidmetal ingot. This ingot is 
heated to a molten state by a special 
induction heating system and once 
the alloy is molten the material 
is injected into the mould, using 
profile parameters that are similar 
to conventional plastic injection 
moulding. The entire system is kept 
under an extreme vacuum level in 
order to prevent the formation of 
crystals and oxides allowing for the 
best possible amorphous alloy parts.

Engel successfully developed a 
fully integrated turn-key solution 
extending process control beyond 
the injection moulding machine 
(Fig. 6). The control of auxiliary 
equipment has also been integrated 
into Engel’s proprietary control 
system. This integrated solution 
eliminates communication problems 
with external devices and enables 
efficient repeatable operation of the 
total production cell, which includes 
vacuum generation, induction heating, 
and temperature measurement just 
to name a few.

In order to make the machine as 
convenient for the operator to use 
as possible, the injection moulding 
machine was re-designed to monitor 
specific process controls that 
facilitate fully automatic production. 
Additionally, Engel added an automa-
tion system that picks ingots from 
a magazine and loads them into the 
melt chamber using a servo-driven 

Fig. 6 Engel e-motion injection moulding machine for processing Liquidmetal 
alloys

Fig. 7 Precise process and flow control allow small parts with high cavitation 
moulds to fill with high yields. This part was prototyped with 32 cavities and 
filled so well that the number of cavities could have been easily increased
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robot. After ingot insertion, the robot 
then removes the finished parts from 
the previous moulding cycle within 
the same sequence, and places them 
onto a conveyor belt with cooling fans 
(Figs. 8 and 9).

Temperature control of the entire 
process is a key parameter that 
affects the quality of the finished 
parts. The process starts with 
controlling the temperature of the 
injection chamber to the mould. A 
new development from Engel, the 
FLOMO system (flow monitoring), 
manages accurate temperature 
control for the injection system and 
the mould conditioning. FLOMO is the 

state-of-art alternative to the legacy 
cooling water manifold with sight 
glasses. 

In order to manage the complex 
combination of critical process 
parameters such as temperature, 
vacuum level and injection speed, 

Engel equipped the machine with 
their latest CC300 controls. This 
sophisticated real time control system 
manages the end-to-end moulding 
process, including the challenge of 
managing the end of the injection 
cycle, which comes to an abrupt stop 
once the mould cavities are filled. 
This occurs because the material 
is not compressible as is the case 
with plastic materials. The machine 
carefully controls each parameter for 
precise repeatability.

Once parts have been injection 
moulded, they are finished except 
for removing gates and runners. To 
remove gates and runners, there are 

a number of suitable approaches 
depending on the requirements of the 
finished part. If slight gate vestige is 
acceptable, waterjet cutting can be 
used. In cases where little or no gate 
witness is desired, CNC machining 
can be employed. Both approaches 

can be seen at Liquidmetal’s Manu-
facturing Center of Excellence.

The uniqueness of Liquidmetal 
alloys and the manufacturing process 
provide results that are impressive for 
a fully automated complex metal part 
manufacturing process. Application 
opportunities exist in a very broad 
range of markets, including automo-
tive, aerospace, defence, dental, 
industrial, medical, and sporting 
equipment to name a few.

The economics of MIM and 
Liquidmetal 

The cost models for MIM and 
Liquidmetal processing are quite 
different, which leads to interesting 
discussions as you compare 
one process against the other. 
High feedstock costs have been 
a complaint among MIM parts 
manufacturers for as long as I can 
remember. Frankly though, in the 
most recent years, improvements 
in global metal powder quality 
and feedstock costs have been 
impressive. Currently Liquidmetal 
raw material costs in a form ready 
for moulding are multiples of that for 
MIM. Much of what drives this cost 
are the input materials themselves, 
such as titanium and zirconium. 
Although the future opportunity for 
volume-based cost improvements is 
realistic, Liquidmetal material costs 

Fig. 8 Engel injection moulding machine alloy ingot loading 
magazine

Fig. 9 Engel injection moulding machine parts conveyor 
belt with integrated cooling fans

‘Although the future opportunity  
for volume-based cost  

improvements are solid, Liquidmetal 
material costs will likely remain at 
small multiples of MIM feedstocks  

in the foreseeable future’
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will likely remain at small multiples 
of MIM feedstocks in the foreseeable 
future.

The second significant contrast 
between Liquidmetal and MIM is 
the injection moulding cycle time. 
Cycle times for Liquidmetal melt and 
injection cycles range from two to 
three minutes (mould close to open) 

as compared to MIM injection cycles 
of five to 45 seconds. So high material 
costs and long moulding cycle times 
for Liquidmetal alloys compared to 
MIM are two very distinguishable 
differences.

Now let’s compare MIM and 
Liquidmetal processing requirements 
beyond material costs and moulding 

cycle times. A key offset to the long 
moulding cycles with the Liquidmetal 
process is the ability to run high 
cavitation tooling. Moulds with 
as many as 64 cavities have been 
run successfully with Liquidmetal 
alloys, which is a major cost driver 
for the process. As with MIM, small 
parts lend themselves well to the 
Liquidmetal technology. Small 
parts require less material (less 
cost) and allow for higher cavitation 
moulds (more parts per shot). Both 
aspects are particularly important for 
driving costs down on Liquidmetal 
applications. 

Another consideration is mould 
life. With the Liquidmetal process, 
mould life is currently measured in 
terms of tens of thousands of shots 
versus hundreds of thousands of 
shots for some MIM applications. 
Liquidmetal is continuing to evaluate 
alternative materials to extend mould 
life, but today mould life remains an 
important consideration. Any time you 
can increase the number of mould 
cavities for the Liquidmetal process, 
the quantity of parts that can be 

Fig. 10 Medical suturing component produced by Liquidmetal Technologies

Fig. 11 Ultimate strength of various materials Fig. 12 Strength-to-weight ratio of various materials

Fig. 13 Hardness of various materials Fig. 14 Elasticity of various materials
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produced over the life of the mould 
increases.

Another key difference between 
Liquidmetal and MIM is that when 
Liquidmetal parts are ejected from 
the mould they are complete and 
exhibit their final material properties, 
often leaving only the runner system 
and gate removal as the final step to 
having a finished part. Of course with 
MIM the moulding process is just 
the beginning. The MIM process has 
multiple conversion steps to reach a 
finished part. Green MIM parts require 
careful handling at moulding, followed 
by debinding and sintering. After 
sintering, coining or sizing steps are 
very common. Additionally, processes 
such as machining, heat treating, 
plating, Hot Isostatic Pressing for 
improved material properties, and 
surface finishing operations are often 
required to complete a part before it 
can be shipped to the customer. It is 
these multiple process steps for MIM 
that can allow Liquidmetal’s process 
to compete on certain applications 
regardless of Liquidmetal’s higher 
material costs and longer moulding 
cycle times. 

Aside from the process 
requirements, Liquidmetal material 
costs today will prohibit it from 
achieving part costs below $0.50 USD, 
regardless of the number of mould 
cavities used.

MIM and Liquidmetal: 
Application characteristics

A comparison of part-geometry 
limitations for Liquidmetal and 
MIM sets a critical foundation when 
defining key differences in the 
processes and the resulting parts that 
either technology can successfully 
produce. 

With MIM, a fundamental design 
requirement is to start with a flat 
surface or provide a part design that 
allows the part to be placed on a flat 
surface for debinding and sintering 
by having several of the part-features 
fall on a single plane. This is critical 
due to the substantial shrinkage (near 
20%) MIM parts experience during 
debinding and sintering processes 
and the resulting impact that gravity 

and friction have on part-dimensions 
while this large amount of shrinkage 
occurs. 

Liquidmetal parts only experience 
0.2% shrinkage or 100 times less 
shrinkage than MIM. Additionally, 
parts exhibit finished material 
properties when ejected from the 
mould, so no downstream thermal 
processes are necessary to achieve 
final material properties. This 
is a key design advantage with 
the Liquidmetal process as all 
of the limitations of MIM tied to 
shrinkage, debinding and sintering 
are eliminated. Cantilevered arms 
are easily accomplished with the 
Liquidmetal process. Additionally, 
no post sintering heat treatment 
is required to achieve material 
properties for Liquidmetal parts as is 

required for MIM.
The next area of contrast between 

MIM and Liquidmetal processing 
works to MIM’s advantage. Because 
Liquidmetal parts exhibit slight 
shrinkage and achieve their final 
properties in the mould, part designs 
require draft on all internal features 
to ensure parts can be ejected at 
the end of the moulding cycle. Often, 
smaller amounts of external draft are 
also required. The properties of most 
MIM feedstocks allow for non-drafted 
features or, at a maximum, very little 
draft to achieve satisfactory part-
ejection from moulds. This allows 
MIM to achieve dimensional results 
on small holes, internal threads and 
other cored features that are not 
possible with Liquidmetal process as 
the draft required often violates the 

Fig. 15 As-moulded surface finish of Liquidmetal alloy parts 

Test Purpose Result

Sensitisation
Skin sensitisation and elicita-
tion of contact dermatitis

Non-sensitising

Irritation Irritant effect of toxic leachables Non-irritating

Systemic Toxicity
Effect on system from absorp-
tion and distribution of toxicant

Non-systemic-toxic

Hemocompatibility
Rupturing of red blood cells and 
release of cytoplasm into blood 
plasma

Non-hemolytic

Cytotoxicity
Toxicity due to leachables on 
cells

Non-cytotoxic

OVERALL BIOCOMPATIBLE

Table 2 ISO 10993 biocompatibility tests. Parts 4, 5, 10, and 11 were conducted 
on as-cast LM105 Liquidmetal injection moulded specimens
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dimensional needs of these features. 
However, not all is lost though, 
as with MIM or any metalworking 
process, process requirements are 
best recognised and incorporated in 
the part-design stage of new product 
development activities. In the case 
of internal threads, Liquidmetal 
part-designs can be developed to 
incorporate threaded inserts in a 
similar fashion to that accomplished 
in plastic injection moulded 
components.

Before looking at a few additional 
points of comparison between MIM 
and Liquidmetal, a few basic design 
guidelines for Liquidmetal parts are:

• Part weights up to 80 g (100 g 
maximum total shot size)

• Maximum dimension of 100 mm

• Outer draft angles of 0.5° to 1°

• Inner draft angles of 1° to 3°

• Wall thickness typically 1.0 –  
4.0 mm

Dimensional accuracy and 
repeatability

Having spent a majority of my career 
in the MIM industry, my application 
design thoughts have been heavily 
influenced by the scope of capabilities 
of MIM. Now, as a new member of the 
Liquidmetal team, I am struck by the 
dimensional accuracy and repeat-
ability of the Liquidmetal process. 
Process simulation software such as 
fluid flow analysis is used to develop 
part and injection mould designs 
to achieve optimum results with 
Liquidmetal alloys. 

Despite the limited application 
history of these manufacturing 
process simulation and analysis tools, 
the Liquidmetal process can achieve 
dimensional accuracy and repeat-
ability results that are only common 
to production CNC machining 
processes. The Liquidmetal process, 
however, accomplishes these results 
at much lower costs.

Recognising the limited amount 
of production taking place today, 
Liquidmetal technology is continuing 
to build meaningful statistical 
information and will release addi-
tional information in the future. Today 
it is reasonable to expect dimensional 
accuracy and repeatability of ±0.1% 
of a given part dimension with the 
process as compared with the MIM 

Table 3 Comparison of the Liquidmetal process and various other metalworking technologies

Liquidmetal Die Casting MIM
Investment 

Casting
Machining 

Low cost / high part complexity Yes Yes Yes No No

Fine surface finish <2.0 Ra (micro 
inches) without secondary operations

Yes No No No Yes

High elastic limit (2.0% Strain) Yes No No No No

Single process step Yes Yes No No No

No heat treating required to achieve 
high hardness

Yes No No No No

No heat treating required to achieve 
high strength

Yes No No No No

Low process scrap Yes Yes Yes No No

Tolerance control (% of feature size) +/- 0.1 +/- 0.4 +/- 0.3 +/- 0.5 +/- 0.1

Fig. 16 Liquidmetal alloys have a unique combination of high strength of metals 
and the elasticity of plastics
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industry standard of ±0.3%. Of course, 
recognition of mould fabrication 
tolerance capabilities, especially on 
high cavitation moulds, needs to be 
considered before making part speci-
fication commitments. Shrinkage is 
very near isotropic with Liquidmetal 
alloys, so design sensitivities to the 
0.2% shrinkage of the material and 
varying dimensional sizes of features 
on a part are insignificant. The 
challenge for the Liquidmetal process 
will be working with injection mould 
fabricators who place an emphasis 
on the dimensional accuracy of 
mould cavities and those who can 
accomplish this with high-cavitation 
tooling.

Freezing non-compressible molten 
metal during the injection moulding 
process without changes to the 
atomic structure of the material plays 
a significant role in the resulting 
dimensional accuracy and repeat-
ability of the process. This unique 
aspect of dimensional control is not 
common in any other metalworking 
technology. Furthermore, high 
performance material properties are 
achieved without any post moulding 
heat-treating requirements, unlike 
crystalline metal alloy structures. 
This benefit avoids further loss of 
dimensional control experienced 
with residual stress, part warpage, 
distortion or growth with many heat 
treating processes used for crystal-
line metal alloys.

Material properties and 
surface finish

Liquidmetal alloys provide a unique 
combination of material properties, 
including high strength, high hard-
ness, unmatched elasticity, superior 
surface finish, excellent welding 
capabilities, and corrosion resistance. 
Liquidmetal alloys also offer two and 
a half times the strength of titanium. 
Figs. 11-14 show various physical 
properties of Liquidmetal versus 
various wrought materials.

One very notable characteristic of 
Liquidmetal is the ability to produce 
brilliant as-moulded surface finishes. 
Parts replicate the finish of the mould 
and part surface finishes of under 0.1 

Ra micro-meters are easily achiev-
able, with some results better than 
0.05 Ra micro-meters surface finish. 
With other metalworking technologies 
this level of surface finish results 
usually require expensive, time-
consuming finishing operations. 
Such surface finishes are attributes 
of the Liquidmetal moulding process 
and its alloys. Liquidmetal alloys are 
also highly corrosion resistant and 
recent biocompatibility testing of 
Liquidmetal’s LM105 alloy showed 
very encouraging results, as can be 
seen in Table 2.

Technology comparison 
summary

There is no one technology that does 
it all; no single solution to fix any 
problem. So, as new products are 
developed, both proven and leading 
edge technologies are considered to 
solve problems and to meet perfor-
mance, quality and cost objectives. 
The Liquidmetal process has its place 
and provides a unique set of char-
acteristics that differentiate it from 
other manufacturing technologies. 
Table 3 shows the core strengths of 
Liquidmetal against other metal-
working technologies, notably the 
unique combination of high strength 
and elastic properties of Liquidmetal 
alloys. 

Many plastics are known for their 
elastic properties, but their strengths 
levels are generally low. There 
are many crystalline metal alloys 
that offer a wide range of strength 
characteristics, but none offer high 
strength combined with high elastic 
limits as Liquidmetal alloys do. The 
Liquidmetal process is therefore 
an ideal manufacturing solution for 
three-dimensionally complex parts, 
including those with unsupported 
features, and parts that require all or 
some of the following:

• Extremely high accuracy and 
repeatability

• Remarkable properties

• Brilliant surface finish

• Scratch resistance

• Corrosion resistance

Conclusions

As I reflect on my time in the MIM 
industry and all that has been 
accomplished with the technology, I 
see Liquidmetal starting at a familiar 
point and following a similar path. 
Liquidmetal hopes to accelerate 
the growth and adoption of the 
technology through licensing partners 
and providing a leadership role in 
continuing technology development. 
The future is clearly bright for MIM 
and I see the same for Liquidmetal. 
As both technologies grow, I see 
them co-operatively coexisting and 
their application capabilities comple-
menting each other.

Acknowledgments

I would like to extend a few special 
thanks to Nick Williams of Inovar 
Communications Ltd. for the 
generous opportunity to provide this 
article, Heinz Rasinger at Engel, Lee 
Vandermark at Materion, and Dennis 
Ogawa at Liquidmetal for their invalu-
able inputs to this article.

Contact

Paul Hauck
Vice President, World-Wide Sales and 
Support
Liquidmetal Technologies, Inc.
30452 Esperanza
Rancho Santa Margarita 
CA 92688, USA

Tel: +1 949 635 2100
Email: paul.hauck@liquidmetal.com 
www.liquidmetal.com

Liquidmetal will be hosting an open 
house at its Manufacturing Center 
of Excellence in Rancho Santa 
Margarita, CA for customers and 
potential licensees on October 14, 
2014. For information on how to 
attend this event or learn more about 
the company, email: Brandy.McClay@
Liquidmetal.com

mailto:nick%40inovar-communications.com?subject=


Powder Injection Moulding International     September 201462 © 2014 Inovar Communications Ltd   Vol. 8 No. 3

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

This conference is sponsored by the 
Metal Injection Molding Association, 

a trade association of the 
Metal Powder Industries Federation

Make plans to attend
the only international
metal and powder
injection molding
event of the year!

5
International Conference on Injection Molding
of Metals, Ceramics and Carbides
FEBRUARY 23–25 • SHERATON TAMPA RIVERWALK
TAMPA, FL

REGISTER BY JANUARY 23 AND SAVE!

Visit mim2015.org or mimaweb.org for complete program details and registration information

MIM2015 CONFERENCE
(February 23–25)

A two-day event featuring presentations and a
keynote luncheon

• Advances in Component Uniformity 

• Part Selection—Best Practices

• Leading Process Trends 

• Numerous Case Studies 

• Tabletop Exhibition & Networking Reception with
Representatives from Many of the Leading
Companies in the Field

...and Much More!

Optional One-Day Powder Injection Molding
Tutorial Precedes Conference (February 23)

Taught by Randall M. German, FAPMI
world-renowned PIM expert

An ideal way to acquire a solid grounding in powder
injection molding technology in a short period of time

• Introduction to the manufacturing process
• Definition of what is a viable PIM or MIM component
• Materials selection and expectations
• Review of the economic advantages of the process

MIM2015_ad_A4_Layout 1  8/21/2014  8:50 AM  Page 1

mailto:nick%40inovar-communications.com?subject=
http://www.mpif.org


September 2014    Powder Injection Moulding International 63Vol. 8 No. 3  © 2014 Inovar Communications Ltd

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

Fig. 1 As well as a busy technical programme the PM2014 World Congress 
featured a packed social and entertainment programme

PM2014 World Congress:  
Advances in PIM 
processing, materials 
and applications

The combination of three confer-
ences running concurrently under 
one roof boosted attendance at 
the PM2014 World Congress and 
Exhibition to over 1500 participants 
from 32 countries. All three events 
were organised by the Metal Powder 
Industries Federation (MPIF). Some 
400 presentations were included in 
the PM2014 World Congress, the 9th 
Tungsten, Refractory & Hardmetals 
Conference, and the newly 
inaugurated conference on Additive 
Manufacturing with PM (AMPM). The 
PM World Congress programme and 
the 9th Tungsten Conference featured 
a number of sessions devoted to the 
latest advances in Powder Injection 
Moulding.

Moulding and feedstock

New developments in hot runners 
for Powder Injection Moulding 
Hot runner technology is well 
established in thermoplastic 
injection moulding where it helps 
to avoid sprues and, because the 

feedstock is not allowed to cool down, 
it also allows for lower moulding 
pressures. Typically, a hot runner 
system consists of a sprue bushing, 
a manifold, and nozzles, which are all 
heated with resistors. The tempera-
ture is regulated through the use of 
thermocouples.

The use of hot runners to-date 
has, however, been limited in Powder 
Injection Moulding (PIM) primarily 
because the moulding temperatures 
are much lower than in thermoplastic 
moulding, and the variations of 
temperature of +/- 7°C that can be 
achieved in electrically heated hot 
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runners would be unacceptable in 
PIM. Marko Maetzig of Arburg GmbH, 
Lossburg, Germany, reported on 
recent tests that have been carried 
out on an Arburg Allrounder 270S 
using liquid heated hot runner 
technology [1]. 

Maetzig stated that a liquid 
hot runner is in essence a second 
independent set of channels, 
similar to the design of cooling 
channels, machined into the mould 
and following the runner system. 
He stated that the main reason for 
using a liquid heated hot runner 
in PIM moulding was to eliminate 
overheating which occurs in the 
nozzles in electrically heated hot 
runners. A schematic of a liquid 
heated hot runner is shown in Fig. 2. 
The channels are connected to a 

mould temperature controller which 
heats the oil (for temperatures up to 
350°C) or water (for temperatures up 
to 200°C) to set the temperature and 
pump it through the system.

One of the challenges facing 
Arburg in using hot runner technology 
in Powder Injection Moulding applica-
tions was to thermally insulate the 
hot runner section of the mould from 
the cavity section of the mould. In this 
case two approaches were taken. The 
hot runner section was completely 
covered with 5 mm thick insulating 
platens and the runner was a hot to 
cold system, meaning only a partial 
hot runner was used together with a 
significantly reduced sprue. 

Maetzig reported on the results 
of tests done using liquid heated (oil) 
Regloglas 300S which was used to 
heat the hot runner and two P140 
units which were used to heat the 
mould cavities with pressurised water 
when injection moulding Catamold 
TZP feedstock. The oil unit had a 
pump power of 1 kW and a heating 
power of 6kW. The controller of the 
oil unit was a Regloplas RT50. Whilst 
there were temperature variations in 
the Regloglas 300 unit of +/- 3.25°C 
these were still significantly better 
than in electrically heated hot 
runners. Maetzig stated that these 
variations could be avoided by heating 
at 6kW at heat-up and then reducing 
to 2kW during moulding. Fig. 3 shows 
the start-up phase of the liquid 
heated hot runner units.

Tests were also done using a 
Regloglas 200smart PIM unit, which 
allowed temperature controller 

modifications to optimise the hot 
runner heating system. The set point 
for the liquid heated hot runner heat 
up phase was 180°C. The Regloglas 
200smart PIM system showed very 
little temperature variation over 80 
cycles compared with the Regloglas 
300 unit (Fig. 4)

Maetzig reported that the vari-
ations in temperatures can lead to 
variations in the maximum injection 
pressure. With the larger temperature 
variation of the 300S unit the variation 
of the maximum injection pressure 
was 63 bar which is less than 8% of 
the average value of 819 bar, whereas 
with the 200smart unit the variation 
was only 27 bar.

In summary, liquid heated hot 
runners showed excellent tempera-
ture control and would contribute to 
reduced defects in PIM and better 
part quality.

Evaluating flow and moulding  
properties of 17-4PH feedstock
The success of MIM feedstock is 
very dependent on both the metal 
powder used and the binder system, 
with the interaction between the 
two components influencing flow 
properties into the mould. Dwight 
Webster of Advanced Metalworking 
Practices LLC in Carmel, Indiana, 
USA, reported in his presentation on 
a study of four different feedstocks 
using a proprietary wax/polymer 
system and a blend of water and gas 
atomised 17-4 PH powders having a 
tap density of 4.19 g/cm3 [2]. The four 
feedstocks were all composed of 65% 
metal powder loading and 35% binder 

Fig. 2 Schematic of a liquid heated hot 
runner with two gates [1]

Fig. 3 Time to temperature in the start up phase of the hot 
runner units [1]

Fig. 4 Temperature variation during Powder Injection 
Moulding [1] 
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with a 50:50 ratio of irregular shaped 
water atomised powder and spherical 
gas atomised powder which had been 
mixed in batches of 11.5 kg using a 
sigma blade mixer. 

Both an extrusion plastometer 
and a capillary rheometer were used 
to evaluate flow properties of the 
feedstock. A gas pycnometer was 
used to measure feedstock density. 
Moulding was done on a BOY 50(S) 
moulding machine with moulding 
conditions as shown in Table 1. 

Webster presented the results 
of the obtained pycnometer and 
plastometer viscosity data at 
175°C and at lower and higher 
temperatures. These showed that 
increasing the temperature to 190°C 
had minimal effect on viscosity whilst 
at 160°C three of the four feedstocks 
would not extrude (Fig. 5). Table 2 
shows the moulding conditions for 
the different feedstocks. As predicted 
the feedstock made with Binder A 
performed the worst, and whilst 
feedstocks B and C performed better 
there was also incomplete filling. 

The best moulding conditions, S-1 
with Binder D, gave 100% fill for both 
tensile and flat bars. 

Webster concluded that the data 
obtained in the tests could be used 
by a mould operator to develop 
successful moulding parameters 
prior to moulding. At a minimum such 
data would be helpful in reducing 
set-up time in PIM. The investigation 

also showed that to change flow 
properties of a feedstock does not 
always require a complete change of 
the binder system, nor does metal 
powder loading necessarily need 
to be adjusted to compensate for 
undesirable results such as flash or 
incomplete filling. Instead changes 
may be made to proportions of the 
binder system components.

Setting ID Clamp, MPa 
(psi)

Injection, MPa 
(psi)

Holding
MPa (psi)

Barrel Temp 
°C (°F)

Nozzel Temp 
°C (°F)

Mold Temp 
°C (°F)

S-1 15.9 (2300) 10.3 (1493) 10.3 (1493) 180 (356) 168 (334) 20 (68)

S-2 21.3 (3087) 14.5 (2101) 14.5 (2101) 204 (399) 180 (356) 20 (68)

S-3 21.3 (3087) 13.4 (1942) 13.4 (1942) 190 (374) 180 (356) 20 (68)

S-4 21.3 (3087) 14.5 (2101) 14.5 (2101) 182 (359) 168 (334) 20 (68)

S-5 21.3 (3087) 14.5 (2101) 14.5 (2101) 232 (450) 215 (419) 50 (122)

Table 1 Moulding conditions used to determine viscosity results. In all cases mould injection speed was held constant [2] 

Percent of Fill

Powder Binder ID
Mould 

Condition
Tensile Bar Flat Bar Comment

17-4PH Blend A S-1 0 0 mould both bars simultaneously

17-4PH Blend A S-2 51 60 mould both bars simultaneously

17-4PH Blend A S-5 N/A 60 only mould flat bar

17-4PH Blend B S-1 41 30 mould both bars simultaneously

17-4PH Blend B S-3 61 100 mould both bars simultaneously

17-4PH Blend C S-1 72 62 mould both bars simultaneously

17-4PH Blend C S-4 82 100 mould both bars simultaneously

17-4PH Blend D S-1 100 100 mould both bars simultaneously

Table 2 Percentage fill for mould condition and feedstock/binder [2] 

Fig. 5 Plastometer viscosity at different temperatures [2]
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Effect of Al2O3 feedstock composition 
on mould-fill simulations of dental 
brackets
Sundar V Atre (Oregon State Univer-
sity, Corvallis, USA) presented details 
of a study of the effects of process 
parameters and feedstock composi-
tion on the mould filling behaviour in 
the PIM of alumina for dental bracket 
applications [3]. PIM alumina brackets 
are considered to have increased 
aesthetic appeal compared to metals 
because they are translucent, have 
good mechanical properties, and are 
relatively stable and inert in an oral 
environment. Atre stated that the 
global dental market, including metal 
and polymer brackets, was estimated 
at $15 billion in 2011 with 7% annual 
growth. 

In studying the effects of process 
parameters and powder-polymer 
mixture (feedstock) composition on 

the mould filling behaviour, tests were 
done using an ultrafine Al2O3 powder 
(400 nm particle size) with 0.52 to 0.56 
vol fraction of powder in the feedstock. 
The researchers used predictive 
property models to create a material 
database for alumina feedstock at 
different alumina volume fractions. 
Additionally, an orthodontic bracket 
geometry was used in conjunction 
with the feedstock material property 
data to run simulations at specified 
injection moulding process parame-
ters in order to understand the effects 
of change in feedstock composition on 
mould filling behaviour.

Typically, the solid density was 
found to lie between 2300 to  
2420 kg/m3 depending on volume frac-
tion of alumina (Table 3). A simplified 
Krieger–Dougherty viscosity model 
was used for predicting viscosity 
values at higher volume fractions of 

powder, and the Cross-WLF model 
was used to model viscosity depend-
ence with temperature and shear 
rate for 0.52-to 0.56-volume fractions 
of alumina feedstock. Fig. 6 shows 
a comparison of viscosity with shear 
rate at 413 K and 433 K for different 
volume fractions of alumina.

Volume fraction of 
filler Φf

Solid density
kg/m

0 880 

0.52 2300

0.53 2340

0.54 2370 

0.55 2390

0.56 2420

Table 3 Comparison of density 
for different volume fractions of 
alumina [3]

Fig. 6 Comparison of viscosity with shear rate at 413K and 433K for different volume fractions of alumina [3] 

Fig. 7 Progressive filling of dental brackets at (a) 25% 
mould fill (b) 50% mould fill (c) 75% mould fill and (d) 
100% mould fill [3]

Fig. 8 Dental bracket geometry used in injection moulding 
simulations [3] 
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Injection moulding simulation 
software uses a Dual-domain 
Tait equation to estimate specific 
volume at different temperatures 
and pressures. Fig. 7 shows the 
results of simulations which were 
carried out using Autodesk Moldflow 
Insight 2014 software for the filling 
and packing stages of injection 
moulding. The shape specification for 
the orthodontic bracket is shown in 
Fig. 8. The process conditions used 
were 313 K mould temperature, 453 K 
melt temperature, injection time of 
0.1 s and a volumetric to pressure 
switchover at 99% mould fill. Colour 
counters represent the amount of 
mould filling. The blue region in the 
mould gets filled first and red at the 
end. A total injection fill time of 0.12 s 
was observed.

For the variation of part weight as 
a function of volume fraction it was 
found that part weight increases with 
an increase in volume fraction and 
can be attributed to the corresponding 
increase in density values. A ±4% 
variation in part weight was observed 
as a result of ±4% variation in volume 
fraction of alumina.

Bimodal powder mixtures improve 
shape retention of PIM feedstock
B N Mukund and T S Shivashankar, 
from Indo-MIM, Bangalore, India, 
reported on their work to develop 

bimodal 17-4PH powder composi-
tions which, at the same time as 
lowering MIM material costs for some 
compositions, also reduced moulding 
defects and distortion in sintered MIM 
parts [4]. Mukund stated that bimodal 
particle mixtures pack to higher 
densities than mono-sized particles 
because the small particles fit into 
the interstices between the larger 
particles. 

By using the already proven 
concept of “interparticle spacing” and 
“volume fraction of lubricating liquid” 
to arrive at optimum powder loading 
for mono-particle size feedstocks, 
five bimodal 17-4PH stainless steel 

feedstocks with 65% paraffin wax 
+30% EVA +5% stearic acid binder 
system were produced and tested. 
The feedstocks contained bimodal 
combinations of 25 wt% fine powder 
to 75 wt% coarse powder. The proper-
ties of the chosen bimodal powders 
are shown in Table 4. 

The critical solid loading of all the 
bimodal powder combinations was 
measured using a Haake PolyLab 
Torque rheometer. A capillary 
rheometer was used to measure the 
viscosity of the bimodal feedstock, 
and an Accupyc 1330 gas pycnometer 
was used for determination of sample 
volume (density). All the feedstocks 

Bimodal powder 
combination

Solid 
loading, 
Ф (Vol. %)

Stability against 
powder-binder 

separation

% Variation 
in plug 
density 

Volume 
fraction of 
lubricating 

liquid, (1-Ф/Ф 
m)

Sintering 
distortion 

in mm

Inter 
particle 

spacing, δ 
in µm

Cost / 
Kg 

Powder A (3.3 µm) / 
Powder C (10.8 µm)

64 Stable 0.388 0.090 3.64 0.33 4 X 

Powder C (10.8 µm) 
/ Powder D (20 µm)

69 Stable 0.407 0.090 4.01 0.60 0.88 X

72
Unstable, increase 

in app. viscosity
1.701 0.050

Not 
moulded

NA NA 

Powder C (10.8 µm) 
/ Powder E (45 µm)

71 Stable 0.155 0.090 4.12 0.66 0.86 X 

74
Unstable, increase 

in app. viscosity
1.734 0.050

Not 
moulded

NA NA 

Powder A (3.3 µm) / 
Powder D (20 µm)

68 Stable 0.373 0.080 3.42 0.21 3.5 X 

70
Unstable, increase 

in app. viscosity
1.130 0.070

Not 
molded

NA NA

Powder B (6 µm) / 
Powder D (20 µm) 

70 Stable 0.123 0.080 3.46 0.35 0.90 X 

72
Unstable, increase 

in app. viscosity
1.524 0.050

Not 
moulded

NA NA

Table 4 Summary of results including cost comparisons for the chosen bimodal powder combinations [4] 

Fig. 9 Distortion (in mm) in bimodal and mono-particle size feedstocks [4]
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were injection moulded to form 
rectangular pieces measuring 40 
x 10 x 1.2 mm. The samples were 
thermally debound and sintered in a 
vacuum furnace with partial pressure 
under argon atmosphere.

Fig. 9 plots the comparison in 
terms of distortion between the 
chosen bimodal and monodispersed 
feedstock combinations. Feedstocks 
which exhibited increase in apparent 
viscosity in constant shear rate test 
and higher variation in plug density 
were not moulded into test specimens 
due to severe short fill. As shown 
in Fig. 9, bimodal combinations 
of Powder A (3.3 µm) / Powder D 
(20 µm), and Powder B (6 µm)/ 
Powder D (20 µm) were found to be 
the best in terms of shape retention 
with distortion of 3.42 mm and 3.46 
mm respectively compared to other 
bimodal powder combinations tested.

Table 4 summarises the work 
and the gives cost comparisons of 
the chosen bimodal combinations. 
The optimum bimodal combination 
of Powder A (3.3 µm) / Powder C 
(10.8 µm), Powder A (3.3 µm) / Powder 
D (20 µm), and Powder B (6 µm)/ 
Powder D (20 µm) were found to be 
the best in terms of powder-binder 
separation, shape retention along with 
least distortion. However, even though 
the Powder C (10.8 µm) / Powder 
D (20 µm) and Powder C (10.8 µm) 
/ Powder E (45 µm) combinations 
may reduce the cost up to 12-14%, 
they failed to give any advantages in 
terms of distortion due to the poor 
particle packing characteristics. 
In the derived optimum bimodal 
combination, the costs of Powder A / 
Powder C and Powder A / Powder D 
were found to be 3 - 4 times higher 
than the standard monodispersed 

17-4PH (Powder C – 10 µm) powder 
due to the higher cost of finer grade 
powder (Powder A - 3.3 µm) used 
in the formulation. Hence, these 
combinations may not be viable for 
bulk production of PIM parts wherein 
cost/piece is the key factor. 

The combination of Powder B / 
Powder D was found to be 10% lower 
in cost with the best capability in 
terms of shape retention and lower 
distortion in comparison to the 
mono-dispersed 17-4PH (Powder 
C – 10.8 µm) used in the MIM industry. 
Sintered density of this bimodal 
combination was 7.70 – 7.74 g/cm3 
with porosity of 0.4%. Hence, bimodal 
combination of Powder B / powder D 
was found to be the optimum bimodal 
combination with best rheological 
properties, best shape retention with 
low cost derived from the present 
research work.

Study of 316L feedstock properties 
for production of biocompatible 
surgical tools
Two presentations from the Metal 
Forming Laboratory (LDTM) of the 
Federal University of Rio Grande do 
Sul in Brazil covered the properties 
of four feedstock grades developed at 
LDTM using <9 µm 316L gas atomised 
stainless steel powders and polymer-
wax binder, and the suitability of 
the same four feedstock grades for 
injection moulding, debinding and 
sintering of micro-MIM parts for 
biocompatible surgical tools such as 
biopsy clamps.

The first paper led by Diego 
Wermuth, et al., reviewed the 
literature on injectable binder 
formulations for the 316L feedstock 
for micro-MIM, and then evaluated 
four binder compositions using capil-
lary rheological tests and differential 
scanning calorimetry (DSC) [5]. In 
each case metal powder loading 
was 61 vol%. All compositions were 
mixed in a torque rheometer and used 
paraffin (PW) as a flow aid, stearic 
acid (SA), and inorganic fractions. 
The polymers used in the feedstocks 
were polypropylene (PP), linear low 
density polyethylene (LLDPE), high 
density polyethylene (HDPE) and 
polymethyl methacrylate (PMMA). The 

Mixture PP  
(Vol%)

LLDPE 
(vol%)

HDPE  
(vol%)

PMMA  
(vol%)

SA  
(vol%)

 PW  
(vol%)

1 85% 2% 13%

2 70% 15% 2% 13%

3 40% 5% 55%

4 40% 20% 5% 35%

Table 5 Sample compositions studied for 316L MIM feedstock [5] 

Polymer Density  
g/cm³

Flowability  
g/10 min

Transition temperature 
Vicat (°C)

PP 0.905 10.5 90

LLDPE 0.924 20 94

HDPE 0.964 10 131

PMMA 1.190 8 105

Table 6 Structural properties of polymers [5] 
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Fig. 10 Mixtures analysis using capillary rheometer [5] 
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percentage of these materials used in 
each mixture is shown in Table 5. The 
structural properties of the polymers 
used were also studied (Table 6). The 
rheological results were compared 
to commercially available Catamold 
316L feedstock.

A Haake Polylab torque 
rheometer was used to perform the 
homogeneous mixing of the different 
feedstock components. One sample 
of each mixture was DSC tested 
for specific characteristics such as 
melting point, degradation point 
and analysis of material losses with 
increasing temperature. The authors 
stated that the produced mixtures 
have lower viscosity when processed 
at a high shear rate. Mixture 2 had 
the best flow whereas Mixture 4 has 
a low viscosity and improved handling 
independent of the shear rate used. 
The commercial feedstock shows 
good processing when subjected 
to low shear rates. The results of 
capillary rheometer tests are shown 
in Fig. 10.

The second paper led by Andre 
Tavares, et al., went on to investigate 
the processing of the four 316L 
feedstock mixtures for the metal 
injection moulding of test pieces 
and also the individual pieces which 
make up a surgical biopsy clamp [6]. 
Investigations included debinding 
and sintering in conventional and in 
plasma reactor furnaces. The test 
pieces used to determine mechanical 
and physical properties were injection 
moulded in a mould with four distinct 
cavities: tensile (A), Rowland’s ring 
(B), flexion (C), and compression (D) 
as shown in Fig. 11. The components 

for the surgical biopsy clamp are 
shown in Fig. 12. 

Details were given of the debinding 
and sintering of the test pieces 
and clamp parts including the use 
of a plasma reactor developed at 
Federal University of Santa Catarina, 
Brazil, mainly for debinding but also 
combined with sintering in one of 
the five cycles reported on. The best 
density (7.05 g/cm3 or 88.96%) was 
reported for the material sintered 
in vacuum in a conventional furnace 
at 1300°C. The second best density 
(6.21 g/cm3) was found for material 
sintered in a plasma reactor at 
1200°C. The authors conclude 
that work still needs to be done to 
improve binder extraction and to 
increase density in order to improve 
mechanical properties in relation 
to conventional (machined) 316L 
stainless steel materials.

Materials/Applications

Microstructure and properties of 
heat treated MIM IN 713LC
Ni-based Inconel 713 (IN 713) is a γ’ 
precipitation hardenable alloy with 
high Al contents which possesses 
excellent strength and corrosion 
resistance up to 1000°C. However, 
the alloy is costly when producing 
complex shaped parts such as those 
used in car turbochargers and aero 
engines due to the poor workability 
of the cast material. Metal Injection 
Moulding could provide a promising 
alternative to the production of 
near-net shaped parts.

Katharina Horke of the Institute of 
Advanced Materials and Processes 

(ZMP) at the University of Erlangen-
Nuremberg, Germany, and co-authors 
from Rolls Royce Deutschland and 
Schunk Sintermetalltechnik, have 
studied the heat treatment of IN 
713C produced by MIM to a sintered 
density of 95.5% TD with respect to 
microstructure changes and proper-
ties such as tensile and yield strength 
and ductility at room and elevated 
temperatures [7]. Two different heat 
treatment cycles were performed 
on sintered IN 713C test pieces to 
establish the appropriate parameters 
using a heat rate of 5 K/min and 
constant argon gas flow of  
100 ml/min.

All heat treatments were carried 
out in a LHTM furnace from Gero 
Hochtemperaturöfen GmbH & Co 
KG. The solution heat treatments 
were performed under high vacuum 
conditions (10-6 mbar) for 10 hours 
at 1190°C and 1230°C, respectively, 
followed by rapid furnace cooling 
(approximately 250 K/min in the first 
minute and subsequently decreasing 
cooling rate) with flowing argon. The 
temperature of 1190°C was chosen 
to ensure complete γ’ dissolution, 
and 1230°C was chosen to study the 
effect of this higher temperature on 
the microstructure. It was shown that 
solution heat treatment above the γ’ 
solvus temperature and subsequent 
rapid cooling leads to complete 
solution of the γ’ phase followed by 
homogeneous, refined γ’ precipitation 
during cooling.

The authors found that the 
strength of MIM samples is 
superior compared to cast IN 
713C alloy for temperatures up to 

Fig. 11 Specifications for injection 
moulded test specimens (mm) [6]

Fig. 12 Numbered components of the biopsy clamp [6]
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750°C, but is inferior for temperatures 
higher than 750°C (Fig. 13). MIM IN 
713C material has lower ductility at 
elevated temperatures.

MIM Nb-Si intermetallic composites
Marco Mulser, from Fraunhofer 
IFAM Bremen, Germany, presented a 
paper co-authored with researchers 
at Karlsruhe Institute of Technology, 
and the University of Birmingham, 
UK, on the MIM, MIM+HIP, and HIPing 
of Nb-20Si-23Ti-6Al-3Cr-4Hf (at.%) 
powders produced by gas atomisa-
tion of electrode induction melted 
ingots [8]. The work forms part of an 
EU funded research project within 
the 7th Framework Programme to 
develop lightweight high temperature 
materials (with a density lower than 
about 6.5~7 g/cm3) with application 
potential above 1300°C making them 
candidates for advanced aero-engine 
components.

The spherical powders produced 
were subsequently sieved to obtain 
particle size of <25 micron suitable 
for MIM. For HIP the <25 µm powder 
as well as the coarse fraction of 
106-225 µm were used. Feedstock 
was produced using a multi-
component binder system containing 
polyethylene (PE), waxes and stearic 
acid. A high wax content and stearic 
acid allowed a relatively high powder 
load of 70 vol%. The mixed feedstock 
was homogenised by applying high 
shear forces on a shear roll extruder 
(Bellaform BSW 135-1000) followed by 
granulation on the same equipment. 

The MIM feedstock was moulded 
into three shapes followed by thermal 
debinding and sintering cycles as 
shown in Fig. 14. The authors found 
a significant influence of sintering 
temperature on density as can 
be seen in Fig. 15. For example, 
a sintered density of 98.5% was 
achieved at a temperature of 1525°C 
which could be increased to 99.2% 
after HIPing. They also found that 
the microstructure achieved by MIM 
reveals a much finer grain structure 
and more homogeneously distributed 
silicide particles compared to HIP. 
However, the HfO2 precipitates 
are larger in size and the porosity 
is higher in the MIM samples. By 

Fig. 13 (a) Normalised tensile strength, (b) normalised yield strength and (c) 
normalised elongation to fracture of as sintered MIM IN 713LC, heat treated 
MIM IN 713LC and cast IN 713C reference. The values were normalised to the 
literature values for strength and ductility, respectively, of cast IN 713C alloy at 
room temperature [7] 

Fig. 14 Thermal debinding and sintering cycle (left), MIM Nb-Si test pieces 
produced in different shapes before and after sintering (right) [8] 

Fig. 15 Density of MIM samples before and after parts were subjected to 
HIPing [8] 
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subsequent HIPing residual porosity 
was reduced increasing the density 
to 99.2 %. The mechanical properties 
at room and elevated temperatures 
achieved in the as-sintered condition 
are significantly lower than achieved 
by HIPed material. At RT all samples 
show brittle behaviour at compressive 
load with strain at rupture of less 
than 3%. The MIM samples show 
a compressive strength of about 
2000 MPa, which is less than 85 % of 
the compressive strength reached by 
HIPing (116-225 µm) and about 70 % 
reached by HIPing of the finer <25 µm 
powder. This is apparently due to the 
residual porosity in the MIM samples. 
At 1000°C all samples show rather 
ductile behaviour. The compressive 
strength of the MIM samples at 
1000°C is about 450 MPa which is 
about 90 % of both HIPed samples. 
Mechanical properties of MIM 
samples subjected to subsequent 
HIPing still have to be investigated.

Improving wear resistance of 316L 
stainless by 2C-MIM
A further paper by Marco Mulser and 
co-authors from IFAM and Schunk 
Sintermetalltechnik GmbH, covered 
the results of work to combine 316L 
stainless steel with a CoCr alloy, 
a WC-Co metal matrix composite 
(MMC) and a WC-Ni MMC by two 
component Metal Injection Moulding 
(2C-MIM) with the aim of improving 
hardness and hence wear resistance 
[9]. Mulser stated that a fine water 
atomised 316L powder in two size 
fractions (<10 µm and 31 µm) was 
used in order to lower sintering 
temperature, increase final shrinkage 
if needed, and to allow co-sintering 
with the cemented carbide materials. 
Stellite 6 and Stellite 12 CoCr alloy 
powders (<32 µm) and WC-Co and 
WC-Ni powders with a nominal 
particle size of 20-45 µm were used. 
The cemented carbide materials were 
agglomerated and pre-sintered and 
then mixed with the 316L powder in a 
volume ratio of 50/50.

Feedstocks were compounded 
using a wax-polymer binder, and 
injection moulded into cubic 2C-MIM 
test samples as well as 2C-MIM 
tensile test bars. A mould insert was 

used that blocks half of the cavity 
while the first feedstock is injected. 
The green parts of the first feedstock 
were inserted into the cavity to inject 
the second feedstock on top. The 316L 
was joined to the CoCr alloys and both 
WC MMCs. Debinding was done under 
standard conditions and 1250°C was 
chosen as the sintering temperature 
to maintain solid state sintering, with 
cubic samples in a batch furnace, and 
tensile specimens in a continuous 
furnace, in both cases using a N2-H2 
atmosphere. Fig. 16 shows tensile 
specimens of 316L and Stellite 6 after 
co-sintering (left) and mechanical 
properties (right).

Between 316L and CoCr alloys 
a crack-free and well-connected 
interface was achieved. The hardness 
was locally improved to at least 
450 HV0.1. After sintering, the WC 
particles were also found to be 
homogeneously distributed and 
embedded inside the 316L matrix. The 
316L WC MMC reached a hardness of 
about 1150 HV0.1.

TiAl intermetallics by MIM
Hideshi Miura and co-authors from 
Kyushu University, Japan, and 
Hitachi Metals Precision Ltd, Japan, 
presented results of a study on the 
Metal Injection Moulding of a gas 
atomised Ti-33.5Al-4.8Nb-1Cr-0.2Si 
(mass%) powder having mean particle 
size of 21.3 µm [10]. The binder 
comprised 69% paraffin wax (PW), 
10% atactic polyproplene (APP), 10% 
carnauba wax (CW), 10% ethylene 
vinyl acetate polymer (EVA), and 
1% di-n-butyl phthalate (DBP), all 
mass%. Powder loading was 65 vol% 
or 69 vol%. Following solvent and 
thermal debinding, the moulded test 
pieces were sintered in vacuum or 
argon (5 kPa) at 1300 to 1450°C for 4 
to 8 hours. Densities of the compacts 
sintered at over 1400°C reached 95% 
of TD. There was no distortion of the 
compacts during sintering.

It was found that tensile strength 
values for the sintered TiAl with 69% 
vol% powder loading was close to 250 
MPa (Fig. 17). However, all values 
were significantly lower than wrought 
values (around 410 MPa). This was 

Fig. 16 (left) Tensile test specimens using 2C MIM 316L-Stellite 6 (right) 
mechanical properties [9]

Fig. 17 Relationship between tensile strength and sintering temperature/
atmosphere and powder loading for TiAl MIM feedstock [10] 

316L / stellite 6

Yield strength 
[MPa]

472 (±23)

Tensile strength 
[MPa]

628 (±11)

Elongation [%] 3.6 (±1.0)
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attributed to the high notch sensitivity 
of the sintered TiAl. Also elongation 
values were low at 0.1% and only 
hardness (HV) was comparable with 
wrought TiAl. The authors concluded 
that if higher densities could be 
obtained then mechanical properties 
could be higher. Also lower vaporisa-
tion of Al could lead to improved 
surface roughness.

MIM tungsten cathodes for ion 
implanter
A paper presented by Jiupeng Song 
and colleagues from Xiamen Honglu 
Tungsten & Molybdenum Co. Ltd., 
China, at the Tungsten, Refractory 
& Hardmetals Conference, which 
ran concurrently with the PM2014 
World Congress in Orlando, focused 
on the production of indirectly 
heated cathode (IHC) ion source 
from ultrafine tungsten powders by 
Metal Injection Moulding (MIM) [11]. 

The cathode is typically about 20 
mm diameter by 5 mm thick, and is 
conventionally produced by powder 
pressing, sintering, hot deforma-
tion and machining. By using the 
MIM route to produce the complex 
near-net shape the authors were able 
to avoid the 80% mass loss necessary 
through costly machining as can be 
seen in Fig. 18. 

The feedstock for the cathodes was 
based on a tungsten powder having 
submicron particle size of 0.7 µm 
which was mixed with a wax-polymer 
binder. Powder loading in the 
feedstock was 51%. The use of the 
submicron W powder was intended 
to improve sinterability of the MIM 
parts at the expense of powder 
loading in the feedstock. The moulded 
IHC underwent solvent debinding in 
heptane at 37C for 120 min followed 
by thermal debinding in H2 first at 
450°C for 90 min at the heating rate of 

2C/min, followed by heating to 750°C 
at 2C/min and holding for 90 min. 
The slow heating rate and multiple 
holding stages were employed during 
thermal debinding to avoid cracks 
occurring in the parts. The parts were 
then sintered in H2 at up to 1900°C 
for 2 h. Fig. 19 shows the green 
and sintered W IHC part. A sintered 
density of 98.4% was achieved with 
microstructure and hardness close to 
those obtained with HIP treatment.

To solve the problem of long 
outgassing time and cross contami-
nation during switching feed gases in 
the ion implantation process, which 
could be caused by the residual 
porosity (2%) of the sintered W 
cathode, a fully dense and high purity 
20 micron thick W layer was applied 
to the surface of the cathode using a 
CVD process.

W-25Re MIM rocket nozzle throat
The propulsion performance of rocket 
nozzles in aerospace and defence 
fields depends on the properties of 
the throat area of the nozzle which 
has to withstand high pressures and 
temperatures of more than 2200°C. 
Dong Yong Park of the Department of 
Mechanical Engineering at POSTECH, 
Korea, and his co-authors from 
Hanbat National University, CetaTech, 
and the Agency for Defense Develop-
ment, presented a paper at the 
Tungsten, Refractory & Hardmetals 
Conference which described the 
production by PIM of rocket nozzles 
from a reduced W-25 wt%Re powder 
[12]. This composition was found to 
be the optimum in terms of solubility 
limits of Re in W to avoid the hard 
and brittle sigma phase, and which 
yielded a sintered material having 
adequate tensile strength, plasticity 
and enhanced weldability. 

The W-25Re powder was mixed 
with a binder comprising wax, 
polypropylene (PP), polyethylene 
(PE) and stearic acid (SA) to produce 
the feedstock. Following injection 
moulding the parts were debound by 
(a) solvent debinding at 50°C for 2 hr 
in hexane, (b) thermal debinding at 
900°C for 1 hr in H2 and then pres-
sureless sintered in H2 atmosphere 
using the following thermal cycle: 

Fig. 18 Schematic of IHC for implanters (a) the directly heated W filament; (b) 
gives comparison of an initial volume of W rod and the final geometry of IHC. 
Using MIM can avoid 80% material loss by eliminating machining [11] 

Fig. 19 Green (left) and sintered tungsten IHC (right) [11]
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ramp up to 1550°C, hold for 10 h, 
ramp to 2350°C and hold for 4 h. The 
sintered parts were finally HIPed at 
1900°C at a pressure of 100 MPa for 
2 h in an Ar atmosphere to obtain full 
density. 

Before the erosion testing of 
the W-25Re nozzles the parts were 
hardness tested using a Rockwell 
hardness unit with an initial load of 
100 N (10 kgf) and test load of 600 N 
(60 kgf). Average HRA values of 70.2 
were recorded. Erosion tests were 
carried out at incoming temperature 
of 3000 K and pressure of 2.76 ~ 
9.65 MPa (400 ~ 1400 psi). The erosion 
rate obtained from the first test was 
0 mm/s. i.e. there was no change in 
the diameter of the rocket nozzle. 
The second test conducted under the 
relatively high pressure of average 
10.34 MPa (1500 psi) showed erosion 
rate of 0.009 mm/s. By comparison 
with the previously reported study, 
the measured erosion rates for rocket 
nozzle made of W-25wt.%Re were 
superior to the rocket nozzle made 
of pure W (erosion rate of pure W = 
0.020 – 0.040 mm/s. Fig. 20 shows a 
rocket nozzle before (left) and after 
(right) erosion testing. Fig. 21 shows 
the dimensions and cross section of 
the PIM rocket throat nozzle.
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Hansuh MIM Tech: A Metal 
Injection Moulding pioneer in 
South Korea

South Korea is today recognised as a major international manufacturing 
economy and is home to widely respected corporate giants such as 
Samsung Electronics, LG and Hyundai-Kia. Hansuh MIM Tech Co., 
Ltd., one of the country’s longest established MIM operations, has 
witnessed the growth in the demand for MIM technology over a period 
of nearly 25 years. Dr Georg Schlieper visited the company on behalf of 
PIM International and reports on the history of the company, changing 
markets and the challenges for the future.

Hansuh MIM Tech Co., Ltd. is located 
in the rural district of Dangjin, 
Chungnam Province, on the west 
coast of South Korea. The company 
was established in 1988 under the 
name Hansuh Metal Industry Co. 
and MIM production commenced 
in 1990 under a licence from 
Parmatech, USA. At that time there 
was only one Metal Injection Moulding 
(MIM) manufacturer in South 
Korea, operated by the Japanese 
watch manufacturer Orient for the 
production of watch components 
for its in-house use. Hansuh was 
therefore the first MIM operation 
selling on the open market in South 
Korea. 

“In the beginning, it was difficult 
to find suitable products for MIM 
because design engineers did not 
know the new process,” Sang Hwan 
Rhee, CEO of Hansuh MIM Tech, told 
PIM International. Firearm parts were 
an important pillar of the company’s 
production in these early years, but 
parts for industrial machinery and 
the electronics industry were soon 

developed. Samsung was the first 
customer for dot matrix printer heads 
and until the turn of the millennium 
the company continued to supply 
parts to important electronics 
enterprises such as Samsung and 
LG. The success of these products 
created trust in the new technology 

and with the growth of the mobile 
phone business the demand for MIM 
parts grew dramatically. Hansuh 
Metal Industry participated in this 
growth and in 1999 exports exceeded 
$1 million for the first time.

Hansuh Metal Industry changed 
its name to Hansuh MIM Tech 

Fig. 1 Hansuh MIM Tech’s 3,500 m² MIM facility in Dangjin, Chungnam Province, 
South Korea
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Co., Ltd. in 2000. Steady growth 
continued and in 2007 the building 
was enlarged to its current size. 
Hansuh’s Dangjin factory, with a 
floor space of 3,500 m², exclusively 
manufactures MIM parts and has a 
staff of 32. A continuous sintering 
furnace was added at the time of 
the expansion, doubling production 
capacity. The company is certifiied 
according to ISO 9001 and ISO 14001 
quality standards and systematic 
procedures for continuous quality 
improvement are in place.

MIM production 
technology

Since the beginning MIM feedstock 
has been produced in-house at 
Hansuh MIM Tech, based on the 
Parmatech licence, and today 
three heated mixers are available 
for this purpose (Fig. 2). Several 
binder compositions are in use 
for different types of materials. 
Toolmaking is entirely outsourced 
to experienced injection moulding 
toolmakers in a relatively short 

distance from Dangjin. The 
company’s injection moulding 
capacity comprises four Battenfeld 
and four Engel machines, most of 
them with clamping forces of 60 and 
80 tons (Fig. 3). Green compacts are 
routinely weighed in order to control 
the consistency of the production. 

Multi-cavity tooling is in use with 
up to 16 cavities per tool and some 
injection moulding machines are 
equipped with robotic arms for the 
removal of the green parts from the 
mould and placement on trays for 
debinding. A two-step debinding 
process is applied, solvent debinding 
in a first step and thermal debinding 
in a second step prior to sintering. 
A batch furnace and a continuous 
furnace are available for sintering 
(Fig. 4) and the sintering atmosphere 
is usually hydrogen.

Secondary operations are partly 
performed in-house and partly 
outsourced. The dimensional 

Fig. 2 The feedstock production room at Hansuh. Fig. 3 Injection moulding machines at Hansuh include 
Battenfeld and Engel models 

Fig. 4 The continuous sintering furnace at Hansuh MIM 
Tech

Fig. 5 Sizing and coining presses used for in-house 
finishing operations at Hansuh

Fig. 6 A selection of MIM dot matrix printer heads manufactured by Hansuh 
MIM Tech
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accuracy of the company’s MIM 
products is often improved by sizing 
or coining (Fig. 5) and two flat grinding 
machines and machining equipment 
are also available. 

Materials and products at 
Hansuh

The range of materials produced at 
Hansuh typically comprises ferrous 
alloys such as 304L, 316L, 17-4PH and 
420J2 stainless steels, as well as low 
alloy steels FN02 and FN07, and soft 
magnetic alloys such as 42% Ni-Fe, 
F-15, Permendur, and 3% Si-Fe. 

Soft magnetic alloys are a speciality 
at Hansuh and soft magnetic 
components play an important role 
in the company’s product portfolio. 
Among these, printer heads for dot 
matrix printers are predominant, with 
a selection of printer heads produced 
by Hansuh shown in Fig. 6. Sang Hwan 
Rhee told PIM International, “In spite 
of the commercial success of ink jet, 
laser and thermal printers, dot matrix 
needle printers continue to be required 
since they are preferred where the 
longevity of printed documents is 
important. In this respect dot matrix 
printers excel against competing 
technologies.”

Musical instruments, in particular 
electric guitars, have been an 
application for MIM since the early 
days of the technology and the demand 
for these types of components has 
been almost continuous. Fig. 7 shows 
a number of parts for electric guitars, 
among them a plate with a width of 
more than 100 mm, one of the largest 
MIM parts produced by Hansuh MIM 
Tech. 

Military applications for MIM 
technology manufactured by Hansuh 
include firearm components and 
ammunition parts. A stabilising fin for 
a military application can be seen in 
Fig. 8. 

The high technological standard 
of MIM production at Hansuh is 
demonstrated by the a sewing 
machine part (Fig. 9) that has a wall 
thickness of only 0.4 mm and is 
manufactured without machining. 
Fig. 10 shows a MIM part with a M1.0 
size thread that has been net-shape 

manufactured and is ready to supply 
to the customer without the need for 
machining.

Future expectations and 
challenges

High expectations for future growth 
are in part based on the rapidly 
growing mobile phone market 
where the Korean electronics 
industry is a world leader. Hansuh 
has established strong business 

relationships with the Korean mobile 
phone industry in the past through 
supplies of mobile phone hinges, 
which are no longer required today. 
Other MIM parts for mobile phones 
have, however, been developed and 
are expected to boost Hansuh’s 
turnover in the near future. 

“Recruiting qualified personnel is 
difficult in our region,” stated Sang 
Hwan Rhee. “Most of our young 
people prefer to move to the capital 
city Seoul. Living in the big city is 

Fig. 7 MIM parts for electric guitars manufactured by Hansuh MIM Tech (photo 
courtesy Georg Schlieper)

Fig. 8 MIM ammunition component approximately 70 mm tall (photo courtesy 
Georg Schlieper)
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more attractive to them than living 
in the country, even though the cost 
of living is much higher there. This 
is a serious problem for our future 
growth, but we are confident that 
we will cope with all difficulties.”

The future poses major 
challenges for the management 
team at companies such as Hansuh 
MIM Tech. In order to thrive in the 
highly competitive 3C markets, MIM 
companies throughout Asia not 
only face the challenge of investing 
in qualified personnel, but also in 
additional capacity and automation. 
This challenging decision has 
to be taken with the knowledge 
that order volumes and part life 

Fig. 10 MIM part featuring an as-moulded threadFig. 9 MIM sewing machine part manufactured by Hansuh 
MIM Tech with a wall thickness of 0.4 mm

expectancy in the 3C sector are 
amongst the most unpredictable of 
all MIM’s markets. The fundamental 
experience that has been acquired 
over almost 25 years of MIM parts 
manufacturing, however, places 
Hansuh in a strong position for the 
future.
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The Hannover Fair 2014: 
Global buyers and design 
engineers learn about the PIM  
advantage

The Hannover Fair is the leading 
international trade fair for industrial 
technology, covering the entire 
industrial value chain from research 
through to the manufacture of final 
products. From April 7-11 2014 
more than 180,000 visitors from 
100 countries attended the event, 
visiting the stands of more than 5,000 
companies from 65 countries. 

The core topics of this year’s 
event were integrated industry, 
advances in robotic manufacturing 
technology, and the transformation 
of energy systems away from fossil 
fuel and nuclear energy towards 
the renewable energies, and the 
intelligent distribution of energy to 
the consumer. PIM International met 
with a number of exhibitors of PIM 
products, discussed the state of the 
industry and the attraction of this 
global event.

Mimecrisa

Mimecrisa is a part of Ecrimesa, an 
investment casting company based in 
Santander, Spain. Ecrimesa started 
to build its MIM facility in 1989 as 

it recognised that Metal Injection 
Moulding could manufacture some of 
the company’s investment castings 
more efficiently, to a better quality 
and at lower cost. 

Initial technical support was given 
by BASF who also supplied their 
Catamold feedstock. Mimecrisa was 
the first company in the world to 
install a continuous MIM debinding/
sintering furnace and today three 
continuous sintering lines are in 
operation and the fourth will be 

delivered later this year. Further 
sintering capacity is provided by batch 
furnaces for sintering in vacuum and 
controlled atmospheres. 

Eleven injection moulding 
machines are in operation and a staff 
of 43 work in the MIM production 
facility, generating an output of 
roughly 1.2 million MIM parts per 
month. All central services that are 
not specifically required for MIM are 
shared with the investment casting 
part of the company.

Fig. 1 Crowds exploring the exhibition halls of the 2014 Hannover Fair

Powder Injection Moulding (PIM) may produce only a tiny fraction of 
the total demand for industrial components, but the number of PIM 
companies, both small and large, exhibiting at the Hannover Fair has 
been steadily growing. Dr Georg Schlieper visited the exhibition for 
Powder Injection Moulding International and reports on what MIM and 
CIM producers had on offer.
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Being among the top three MIM 
companies in Europe, Mimecrisa 
serves all major MIM markets 
including defence, locks, tools, the 
automotive and medical industries, 
aerospace and more. The materials 
portfolio ranges from low alloy steels 
FN02 and FN08 through 316L and 
17-4PH stainless steels to tool steels 
and heat resistant alloys. 

Today Mimecrisa no longer relies 
exclusively on Catamold feedstock 
and the catalytic debinding technique, 
as new feedstock compositions for 
solvent debinding in water have been 
introduced which also offer additional 
advantages for injection moulding. 
The company stated that the benefits 
of Catamold are still appreciated and 

BASF’s technology continues to be 
used.

Alejandro Martínez, Managing 
Director of Ecrimesa, told PIM 
International that Ceramic Injection 
Moulding has also been started, 
although at the current time ceramics 
are not in commercial production. 
New CIM feedstock compositions 
are under development for ceramic 
materials that cannot be produced 
with Catamold feedstock. 

The company’s display at Hannover 
included a handgun housing (Fig. 2), 
one of the biggest MIM parts known, 
and a clamp used by mountaineers 
for securing safety ropes.

USD Formteiltechnik

The global sourcing and engineering of 
metallic structural components is the 
core business of USD Formteiltechnik 
GmbH, based in Meinerzhagen, 
Germany. Since 1977 the company has 
provided its customers with support 
in both part design and the selection 
of the best manufacturing solution, 
both technically and commercially, for 
a given application. The company then 
sources and supplies the respective 
components as well as stock-keeping 
and quality assurance work. As USD 
does not manufacture parts, the 
company is free to choose the best 
manufacturing process on a neutral 
basis.

Fig. 2 MIM hand gun components in the green and 
finished states, manufactured by Mimecrisa

Fig. 3 Alejandro Martínez in front of the Mimecrisa showcase at 
the 2014 Hannover Fair

Fig. 4 The exhibition stand of USD Formteiltechnik at the 
Hannover Fair

Fig. 5 Miniature crankshaft (top) and lock part (bottom) 
supplied by USD (Photos courtesy USD)
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The proportion of powder metal 
components within USD’s business 
has been steadily growing over 
the years and consequently USD 
has increasingly focused on both 
conventional Powder Metallurgy and 
the MIM route. Close relationships 
have been established with major PM 
and MIM manufacturers worldwide 
through the supply of products to 
end-users in a wide range of industry 
sectors.

Thorsten Klein, Manager of the 
PM and MIM department, told PIM 
International that USD has recently 
extended its PM activities. In addition 
to its structural parts business 
the company now also supplies 
ultra-fine metal powders made by 
a combination of gas and water 
atomisation. These are marketed to 
the MIM and Additive Manufacturing 
industries under the brand name 
iPowder. Klein stated that the 
Hannover Fair was an ideal place to 
make these products and services 
known to a broad audience.

Sintex

A part of the Danish Grundfos 
Group, Sintex A/S, based in Hobro, 
Denmark, specialises in PM 
products including press and sinter 
components, MIM parts, permanent 
magnets, Soft Magnetic Composites 
(SMCs) and more. Sintex has two 
injection moulding machines and a 
continuous debinding and sintering 
furnace dedicated to the production 

of MIM parts. Many of the company’s 
products are manufactured for the 
Grundfos Group, however Sintex is 
also active on the open market. 

A strong focus for the company is 
MIM applications in the automotive 
industry. The reasons for this 
are not only the large volumes 
required, but also the very high 
quality requirements and the close 
cooperation and exchange between 
the automotive industry and its 
suppliers. This relationship, it was 
stated, has forced Sintex to improve 
its processes and the company admits 
that it has experienced a very positive 
learning effect from such cooperation.

At a recent in-house MIM 
technology seminar, with invited 
speakers from Höganäs AB and BASF 
SE, Sintex reported a high level of 
interest from many Danish industries 
including the medical sector and 
manufacturers of pumps, valves and 
more. At Hannover, Sintex stated that 
it was very satisfied with the interest 
of visitors. Some, it was stated, even 
came with parts and drawings and 
discussed the feasibility of their 
designs. Sintex is therefore optimistic 
about the future growth of its MIM 
business. The company also claims 
to offer a high level of flexibility with 
respect to production volumes and 
it was stated that even moderate 
volumes can now be economical for 
MIM.

Pump and sensor housings 
are typical examples of MIM parts 
produced by Sintex (Fig. 6). For 

new parts development Sintex uses 
prototype tooling made by Additive 
Manufacturing. This strategy allows 
the adjustment of designs during the 
prototype testing period and helps 
to reduce the time from the drawing 
board to production start-up.

Indo-MIM

The production capacity of Indo-US 
MIM Tec Pvt. Ltd., based in Bangalore, 
India, is very impressive. Two 
plants with a total floor space of 
roughly 25,000 m2, more than 1000 
employees, in-house toolmaking 
capacities for 30 new tools each 
month and annual growth rates that 
are close to 20% characterise this 
soaring company .

As Indo-MIM claims to be 
the biggest MIM company in the 
world, the management feels the 
need to be represented at such an 
important event as the Hannover 
Fair. Surprisingly, however, the stand 
team at Indo-MIM were far from 
enthusiastic about the response 
of visitors. Kiran Kumar, General 
Manager Marketing, stated that the 
event was largely disappointing for 
him, but he added that in spite of this 
fact Indo-MIM’s business is steadily 
growing. In his opinion, substantial 
market growth and new applications 
are to be found in the medical sector. 
Kumar added that for this reason 
Indo-MIM is developing titanium parts 
and will soon offer titanium MIM 
products on the open market.

Fig. 6 MIM pump housings in the green and 
as-sintered state exhibited by Sintex 

Fig. 7 Kiran Kumar, General Manager Marketing of Indo-MIM at 
the Hannover Fair
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Eversun Precision 
Manufacture

A relative newcomer in the MIM 
industry is Eversun Precision 
Manufacture Co. Ltd. based in 
Qingdao, China. Annie Huang, sales 
representative of Eversun, told PIM 
International that the company was 
established in 2011 and today has 30 
employees producing MIM parts with 
two injection moulding machines. 
Toolmaking is largely done in-house 
and parts are mainly produced from 
ferrous alloys such as 316L and 
17-4PH stainless steel, as well as 
FN02 and FN08.

Huang was very optimistic 
about the reception received at the 

Hannover Fair, commenting that 
Eversun had successfully exhibited in 
2013 and plans to continue exhibiting 
in the future.

Advanced Materials 
Technologies

Advanced Materials Technologies 
Pte. Ltd. (AMT), started producing 
MIM and CIM parts in Singapore in 
1990 serving markets in the US and 
Europe as well as a small portion 
in the Asia-Pacific region. Zulkefli 
Zainal, Marketing Director, talked 
freely about his marketing strategy 
with PIM International. He stated that 
Hannover is a very important event at 
which a PIM parts manufacturer can 

reach both buyers of components and 
design engineers who come looking 
for innovative technologies. This, he 
suggested, was an ongoing process 
where things do not happen overnight, 
but develop over the longer term. 

Zainal said that AMT’s focuses on 
design engineers in Europe and the 
US because this is where innovative 
design is most often developed. In his 
opinion, the US market for MIM parts 
is strongly oriented towards medical 
applications whereas Europe has 
more applications in the automotive, 
industrial and consumer sectors, with 
electronic applications concentrated 
in the Asia-Pacific region.

AMT has developed its own binder 
formulations and its PIM facility 
in Singapore has twenty injection 
moulding machines and employs 
125 people. A subsidiary in China 
specialising in precision machining 
employs a further 75 people. The 
combination of PIM technology 
and precision machining is often 
advantageous for making complex 
precision parts, he stated. He sees 
opportunities for further growth in the 
medical sector and in sophisticated 
materials and alloys, but he added 
that the competition is becoming 
stronger, stating that today anyone 
with sufficient financial funds can 
easily find sources of information, 
which equipment to buy and start a 
MIM business. This is in Zainal’s eyes 
a big challenge for established MIM 
manufacturers.

Fig. 8 Annie Huang, sales representative of Eversun, at the 
2014 Hannover Fair

Fig. 9 Zulkefli Zainal, Director Marketing, at the Advanced 
Materials Technologies (AMT) stand

Fig. 10 A selection of MIM parts on the AMT showcase 
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Wieland Werke

Wieland Werke AG, based in Ulm, 
Germany, is a specialist manufacturer 
of semi-finished products made 
from copper and copper base alloys. 
Philipp-Morris Egle, responsible 
for business development, pointed 
out that copper is widely known 
for its high electrical and thermal 
conductivity. Wieland has identified 
a number of geometrically complex 
parts that could be potential 
candidates for copper base MIM 
products, for example heat sinks. The 
mass production of copper base MIM 
parts is still relatively rare according 
to Egle. Wieland has initiated a R&D 
study on the technical and economic 
impact of MIM technology for copper 
base alloys. A few demonstration 
parts were exhibited in Hannover 
(Fig. 11) with the intention of 
attracting interest and finding out 
more about the response of the 
market.

Egle believes that Hannover is an 
ideal environment in which to find the 
broad audience that is required for 
a sound decision about investments 
in MIM equipment. So far, a decision 
about investments in MIM production 
equipment has not been made but, if 
a sufficient market potential can be 
identified, Wieland could start MIM 
production of copper base parts in the 
near future.

GKN Sinter Metals

MIM technology was only a side 
aspect at GKN Sinter Metal’s 
exhibition stand since it is the world’s 
largest PM company, with more 
than 30 manufacturing locations 
worldwide and 6,500 employees. 
Besides advanced press and sinter 
PM parts such as automotive gearbox 
components and powder forged 
connecting rods, the stand featured 
the full diversity of PM including 
Soft Magnetic Composites (SMCs), 
filters, bearings and sintered parts 
overmoulded with plastic.

A showcase of MIM parts (Fig. 13)
demonstrated the high standard of 
GKN’s MIM production facility, which 
is based at the Bad Langensalza 
plant, Germany . Among these were 

some of the largest MIM parts known. 
Applications are as diverse as the 
GKN Sinter Metals Group, including 
medical, automotive, furniture, 
household appliances and more. New 
MIM developments at GKN Sinter 
Metals are reported to be components 
used in valve trains, fuel injection 
nozzles, and lock caps.

Taiwan Powder Technologies

Taiwan Powder Technologies Co., 
Ltd. (TPT), established in 2001, is 
today the leading MIM company in 
Taiwan. After more than ten years of 
MIM production TPT has started the 
production of press and sintered parts 
as well as MIM parts. The company 

Fig. 11 Demonstration MIM parts exhibited by Wieland Werke

Fig. 12 Kai König, Key Account Manager of GKN Sinter Metals on the GKN 
stand in Hannover (photo courtesy GKN Sinter Metals)

Fig. 13 MIM parts exhibited by GKN Sinter Metals
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has developed a pressing technology that has been 
derived from MIM, called High Performance Metallurgy 
(HPM) Process, where ultra-fine MIM powders are 
agglomerated in a special treatment to become flowable. 
These powders are then pressed in an axial tooling and 
sintered like MIM parts to achieve sintered densities 
above 96% and with correspondingly excellent mechanical 
properties.

The MIM equipment listed in TPT’s sales brochure 
comprises four kneaders for feedstock production, 99 

PIM at the Hannover Fair 2014

Fig. 17 Section of 316L stainless steel parts on the Digital 
Metal showcase in Hannover

Fig. 14 MIM parts exhibited by Maxon Motor Fig. 15 CIM parts exhibited by Maxon Motor

Fig. 16 Ralf Carlström at the Digital Metal stand

injection moulding machines, seven debinding units, 
22 vacuum sintering furnaces and two continuous high 
temperature sintering furnaces. The main markets served 
by TPT are electronics and telecommunication, power 
tools, medical, automotive and locks industries.

Jenny Chen, sales representative on TPT’s exhibition 
stand, stated that she experienced a positive response in 
Hannover, adding that some visitors even came with very 
concrete concepts which they want to realise in continuing 
discussions after the exhibition.

Maxon Motor

Maxon Motor GmbH, based in Sexau, Germany, exhibited 
its capabilities as a manufacturer of high precision MIM 
and CIM components. Miniature gears and planetary 
carriers dominated the company’s showcase of MIM 
parts (Fig. 14). The CIM section featured dental ceramic 
products, implants and parts for micro motors (Fig. 15).

Maxon Motor, the CIM and MIM manufacturing base 
of the Maxon Motor Group, has ten injection moulding 
machines and several debinding and sintering units for 
both metallic and ceramic materials .

Walter Kuhn, Product Manager Powder Injection 
Moulding, told PIM International that he had observed a 
positive mood on the stand. He was very optimistic about 
the opportunities for Maxon Motor in the competitive 
worldwide market as a PIM manufacturer with the ability 
to offer extremely high precision production and product 
quality.

Höganäs Digital Metal

Höganäs AB, the renowned Swedish producer of iron 
and steel powders, has been promoting its innovative 
Additive Manufacturing (AM) technology over the last year 
or so under the trade name Digital Metal. The Digital 
Metal process is different from other AM technologies 
for metals such as Selective Laser Sintering (SLS) and 
Selective Laser Melting (SLM) in that a binder is applied 
on a powder bed in a similar fashion to an inkjet printer. 
After one layer has been printed, the powder bed is 
lowered by 45 microns and a layer of fresh powder of the 
same thickness is spread on top. Then the next layer is 
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printed. This process is repeated 
until the green parts are completed. 
Subsequently the parts are removed 
from the powder bed, the binder is 
extracted and the parts are sintered 
as in MIM.

Ralf Carlström, General Manager 
of Digital Metal, explained to PIM 
International that his company 
is focusing on both machine 
development and parts production. 
The Digital Metal process had 
originally been developed by 
Fcubic AB in the town of Mölndal, 
near Gothenburg, Sweden. 
Cooperation with Fcubic started in 
2010, and two years ago Höganäs 
decided that the technology was 
promising enough to intensify the 
research activities. According to 
Carlström the usable volume of the 
machines has been doubled since 
then and the dimensional accuracy 
improved significantly. He sees 
opportunities for further improvement 

of the accuracy and the need to offer 
more materials. Today the process is 
focused on 316L stainless steel (Fig. 
17).

As the powders used for the 
Digital Metal process are the same as 
for MIM, and the sintering step is very 
similar to MIM as well, the process 
produces the same densities and 
the same kind of microstructures. 
Carlström believes that the 
Digital Metal process is capable of 
producing prototypes of MIM parts 
with comparable properties to a 
Metal Injection Moulded part. On 
the other hand, Digital Metal could 
also become a competitor to MIM 
manufacturers for small parts and 
small to medium volumes.

By not melting the powder 
particles, as is done in SLS and SLM, 
the Digital Metal process is supposed 
to offer distinct advantages. The 
parts float in the powder bed, need 
no supports, and it seems it is even 

possible to produce several parts 
on top of each other. Dimensional 
accuracies of ± 25 microns are 
reported and the surface after 
sintering is not quite as shiny as 
on MIM parts, but a little dull. With 
shot peening, tumbling or electro-
polishing the surface finish can be 
improved according to Carlström.
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