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Cover image  
Miba PM gears are used in 
a wide range of automotive 
applications (Courtesy Miba 
Sinter Group)

Adapting to a changing 
automotive industry  

News about the demise of the internal combustion 
engine is never far from the headlines in the 
mainstream media, fuelled by high-profile electric 
car launches leading to polarised debates about 
such things as recharging infrastructures and 
vehicle pollution.

Understanding just how quickly new technologies 
will be adopted - and indeed which new technologies 
will succeed and which will fall by the wayside - is 
of vital importance to those in the automotive supply 
chain. 

Whatever the final outcome, it is clear that some 
companies will focus on the opportunities, while 
others will focus on the threats. One company 
with a proven track record when it comes to new 
opportunities is Miba AG, one of the world’s most 
progressive producers of PM automotive parts. In 
our exclusive article, we report on how the company 
has succeeded to-date in creating opportunities in a 
changing market (page 47). 

With such reliance on the automotive sector, the 
PM industry is fighting to meet the challenge of 
electrification head-on. Those who can adapt, by 
pro-actively identifying and championing innovative 
new PM applications, may well find that the dark 
clouds of the electric revolution do have a silver 
lining. 

Paul Whittaker
Editor, Powder Metallurgy Review

 

  
The Future of Powder Compacting is Electric! 

  
The First 2000 kN Multiplate Powder Press with Electric Drives 
  

New Benchmark in Operational efficiency: 
 Save 70% Energy Consumption 
 98% Uptime on Technical Availability – Gain Productivity 
 Increased Net-Shape Performance – Save Secondary Operations 
 No Pit – Save Infrastructure Costs and make Transfer of the Press easy 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At ceramitec 2018, OSTERWALDER is presenting the OPP 2000, the first type of a superior press family ranging from 
1000 - 5000 kN. With a revolutionary drive concept, OSTERWALDER opens a new horizon for precision, productivity 
and operational costs in the world of CNC powder presses.  
 , 
F.A.S.T on board 
No more expensive external adapters! The OPP is equipped with the revolutionary Fast Assembly System for Tools 
(F.A.S.T.). This innovative development for fast tool assembly substantially increases the performance of the press.  
 

Be Electrified. Be Inspired. Be Impressed. Go for 
 

 
www.osterwalder.com 
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47 Miba Sinter Group: How a global PM 

producer is adapting to a changing 
automotive industry

 Miba AG is one of Austria’s leading industrial and 
technology companies. Formed in Laakirchen, 
Upper Austria, in 1927, the group develops and 
manufactures its products at twenty-two sites 
in eleven countries. Miba specialises in engine 
bearings, friction materials, sintered components 
and coatings, with its products found in passenger 
vehicles, trucks, construction machinery, trains, 
ships, aircraft and power plants. Dr Raquel de 
Oro Calderon recently visited Miba Sinter Group, 
the company’s Powder Metallurgy division, at its 
Vorchdorf facility. 

61   High-performance premixes for increased 
production rates and optimum surface 
finish  

 Research engineers at Rio Tinto Metal Powders, 
Canada, and Metalsinter S.r.l, Italy, have been 
working closely to optimise the compaction stage 
of the Powder Metallurgy process. In order to 
increase productivity in component production, 
the use of a high-performance premix has been 
reported as a method to increase compaction 
speed, whilst maintaining excellent surface 
finishes. Rio Tinto’s Vincent Paris reports on 
the work and concludes that the selection 
of lubricants must be carefully evaluated in 
collaboration with the powder supplier and the 
part manufacturer.

73  Euro PM2017: Optimising sintering 
processes for improved Powder 
Metallurgy properties

 The Euro PM2017 congress, organised by 
European Powder Metallurgy Association (EPMA) 
in Milan, Italy, October 1-5, 2017, included a 
technical session featuring a number of studies 
of various sintering mechanisms. Dr David 
Whittaker reviews three papers from the session 
which highlight the potential benefits of applying 
rate controlled sintering, study the thermal 
decomposition of delubrication aiding additives, 
and report on delubrication control systems for 
batch processes.  

83  Triamet: A tungsten based alternative 
to lead for high radiation absorption 
applications  

 From its facility in Germany, Wolfram Industrie 
specialises in the production and processing 
of tungsten and molybdenum. In this article 
the company reports on the use of ts triamet 
material as an alternative to lead for high radiation 
absorption applications in the medical industry. 

49 61 76 8332
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RIO TINTO METAL POWDERS

50TH ANNIVERSARY

From Ore To Powder,
To Meet Your
Requirements!

Metal Powders
www.qmp-powders.com

GKN plc has confirmed that it 
will look to sell GKN Powder 
Metallurgy, comprising GKN 
Sinter Metals and Hoeganaes, 
within the next 12-18 months. 
The announcement came in 
response to Melrose Industries 
PLC’s January 2018 takeover bid. 
Melrose has also announced that, 
if successful with its challenge, 
it too plans to sell the Powder 
Metallurgy division. 

After the initial proposal from 
Melrose to acquire GKN was 
rejected by GKN’s Board, both 
companies subsequently launched 
campaigns to convince GKN 
shareholders of their respective 
plans for the group. Melrose has 
since increased its offer to acquire 
GKN plc by around 10%, valuing 
the company at £8.1 billion. Under 
the revised offer, GKN investors 
would receive 81p in cash plus 

1.69 new Melrose shares for each 
GKN share. The previous offer 
made in January was for 81p cash 
plus 1.49 new Melrose shares per 
GKN share. 

Further to the takeover battle, 
GKN also announced a deal with 
US-based Dana Incorporated 
which would see the Driveline 
division of GKN plc merge with 
Dana to create Dana plc. Under 
terms of the agreement, Dana 
shareholders would own approxi-
mately 52.75% of the company 
with GKN shareholders owning 
47.25%. If the deal proceeds, 
the combined company will be 
domiciled in the United Kingdom 
as Dana plc and will continue 
to trade on the New York Stock 
Exchange. 

www.gkn.com
www.melroseplc.net   

GKN’s Powder Metallurgy business to 
be sold following takeover battle

Höganäs AB has acquired Europe’s 
largest Powder Metallurgy tooling 
manufacturer, Swiss-based Alvier 
AG PM-Technology. Alvier develops 
and produces innovative tooling 
solutions, supporting industry in the 
development of complex PM parts.

Founded thirty years ago in Buchs, 
Switzerland, the company’s range 
of products and services covers the 
entire value chain, from engineering 
and manufacturing to installation, 
customer service and training. Its 
client base reaches across four 
continents with customers in more 
than twenty countries.

Höganäs and Alvier have 
collaborated since 2005. In 2012 the 
two companies joined forces with 
other partners to re-engineer the 
first automotive manual transmission 
equipped with PM gear technology.

www.hoganas.com
www.alvier.com   

Höganäs acquires 
Alvier
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• Specialist distributor of carbonyl iron

and stainless steel powders

Advanced Engineered Aluminum Powders
   Shaping the Future Together

United States Metal Powders, Inc. has been a global leader in the production 
and distribution of metal powders since 1918.   Together with our partners and  
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the future of the powder metallurgy industry (PM).  
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• Nodular and spherical aluminum powders

• Aluminum alloy powders
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Sandvik to build $25 million titanium 
and nickel metal powder plant

Johnson Electric 
to invest $351 
million in Canadian 
expansion

Sandvik, headquartered in Stock-
holm, Sweden, is investing approxi-
mately 200 million SEK ($25 million) 
in a new plant for the manufacturing 
of titanium and nickel fine metal 
powders. The new facility, within the 
business area of Sandvik Materials 
Technology (SMT), will be located 
in Sandviken, Sweden, close to 
the company’s in-house titanium 
raw material supply and centre for 
Additive Manufacturing. The plant is 
expected to be operational in 2020.

According to the company, 
the investment will complement 
SMT’s existing powder offering and 
strengthen Sandvik’s position in the 
rapidly growing markets for metal 
powder and metal Additive Manufac-
turing. Sandvik is a leading producer 
of fine metal powders and serves a 
number of Additive Manufacturing 
companies. Its stainless steel, 
nickel-based and cobalt-chromium 
alloy powders are manufactured in 
the United Kingdom and Sweden and 
sold across Europe, North America 
and Asia through the Sandvik Osprey 
brand.

Johnson Electric, Hong Kong, parent 
company of Stackpole International, 
Mississauga, Ontario, Canada, will 
invest $351 million in the develop-
ment of new and expanded facilities 
in the Greater Toronto and Hamilton 
areas of Canada, according to a 
report by Area Development Online.

The investment will reportedly 
support the development of state-
of-the-art electronic auto manufac-
turing through the purchase of new 
equipment for powder metal manu-
facturing, as well as the establish-
ment of a Global Centre of Excellence 
for E-Pump Development.

Ontario’s Provincial Government 
states that it has committed up to 
$24.1 million to the project through 
its Jobs and Prosperity Fund. The 
expansion is expected to create 326 
new jobs and retain a further 1,714 
manufacturing positions across the 
province. The project is scheduled for 
completion in 2024.

www.johnsonelectric.com   

With demand for metal powder 
for AM expected to increase signifi-
cantly in the coming years, the 
company sees titanium and nickel-
based alloys as key growth areas 
and accounting for a significant 
portion of the metal powder market.

Annika Roos, Head of product 
area Powder at Sandvik Materials 
Technology, commented, “This 
investment is an enabler for 
future growth and means that we 
are expanding our metal powder 
offering to include virtually all 
alloy groups of relevance today. In 
addition, it will also support the 
overall Additive Manufacturing 
business at Sandvik.”

“The metal powder segment 
and the Additive Manufacturing 
business are of increasingly 
strategic importance to us. This 
investment should be viewed as the 
latest evidence of our commitment 
to an area that we believe strongly 
in”, added Göran Björkman, 
President of Sandvik Materials 
Technology.

www.home.sandvik   

Mazda opens engine machining facility 
at Thai powertrain plant, increasing 
annual engine production to 100,000

Mazda Motor Corporation, Hiroshima, 
Japan, has opened a new engine 
machining facility at its powertrain 
plant in Thailand’s Chonburi Province, 
Mazda Powertrain Manufacturing 
(Thailand) Co., Ltd (MPMT). The 
company has invested an additional 
22.1 billion yen (US $202 million) to 
establish the machining factory and 
increase the capacity of its existing 
engine assembly line at the Thai 
site. It was reported that engine 
production capacity at MPMT will rise 
from 30,000 to 100,000 units per year.

The plant will begin production of 
the SKYACTIV-G 2.0, an engine that 
will be supplied to manufacturing 

facilities in Malaysia and Vietnam as 
well as Thailand.

“Congratulations on the opening 
of MPMT’s engine machining factory,” 
stated Mazda’s Representative 
Director, President and CEO, 
Masamichi Kogai, at the opening 
ceremony for the facility. “I’d like 
to express my sincere gratitude for 
the support we’ve received from the 
government, our suppliers and other 
parties. MPMT plays an essential role 
in Mazda’s comprehensive vehicle 
production system in Thailand. 
Strengthening our production 
framework for engines, the most 
fundamental vehicle component of 

all, will help us to get our cars to 
customers without delay.”

“We are delighted to open this 
new engine machining factory,” 
added MPMT President and CEO 
Mitsunobu Mukaida. “MPMT’s steady 
growth since its establishment 
through to today is largely thanks 
to the generous assistance we’ve 
received from various parties. Let 
me express my sincere gratitude 
to all concerned. I hope that the 
engines we make here at MPMT 
together with our suppliers will 
go into cars that become an 
indispensable part of the customer’s 
life. We will contribute to the growth 
of manufacturing in Thailand by 
working with the local community to 
build high-quality cars and helping 
to nurture the next generation of 
industry leaders.”

www.mazda.com   

mailto:paul%40inovar-communications.com?subject=
http://www.usmetalpowders.com
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Malvern Panalytical, Eindhoven, the 
Netherlands, has launched its new 
Morphologi® range of automated 
static imaging systems for particle 
characterisation. The Morphologi 
4 and Morphologi 4 ID are said to 
offer tools for the rapid, automated 
component-specific measurement 
of particle size, shape and chemical 
composition. According to Malvern, 
the new range offers substantial 
improvements to measurement 
speed, image definition and mate-
rial range compared to previous 
iterations.

The tools are targeted at 
analytical environments where a 
deeper understanding of a process 
and/or sample is required, such 
as during the development and 
processing of metal powders, phar-
maceuticals and battery materials. 
The Morphologi 4 is suitable for 

the characterisation of particles 
ranging in size from less than one 
micron up to a millimetre and higher. 
Compared to its predecessor, it is 
said to offer measurement time 
savings of around 25%, while deliv-
ering simpler, more intuitive method 
development and greater particle 
definition.

A key feature of the new tool, 
states Malvern, is its automated 
segmentation/thresholding algo-
rithm, titled Sharp Edge. This is 
said to make it easier to detect and 
define particles, by using an 18 MP 
camera for boosted sensitivity and 
by enclosure of the sample during 
imaging. These developments are 
said to make it possible to accu-
rately measure light-sensitive and 
low-contrast samples and deliver 
enhanced shape parameter sensi-
tivity for all types of sample.

The Morphologi 4-ID makes 
available Morphologically-Directed 
Raman Spectroscopy (MDRS®), 
integrating the static imaging 
capabilities of the Morphologi 
4 with Raman spectroscopy. 
Offering significantly faster 
spectral acquisition times than the 
previous model – a reported time 
reduction of up to 80% – it also 
allows acquisition conditions to be 
customised to the sample.

This enhanced control, 
combined with an extended 
spectral range, is said to maximise 
the range of materials that can 
be identified and/or differentiated 
within a mixture. The instrument 
is fully automated and has been 
designed to allow both particle 
characterisation scientists 
with limited spectroscopy 
experience and more experienced 
spectroscopists to gain an in-depth 
understanding of their particulate 
samples.

www.panalytical.com   

Malvern Panalytical’s Morphologi 4 for 
particle imaging and characterisation

Osterwalder AG, Lyss, Switzer-
land, will launch its new OPP 
2000 CNC multi -platen electric 
press at ceramitec 2018, Munich, 
Germany, April 10-13. According to 
the company, the press is the first 
CNC multi-platen electric press 
for high press forces ranging from 
1,000–5,000 kN. The company stated 
that, until now, presses for this press 
force have only been available with 
hydraulic, mechanical or hybrid 
drives. 

The OPP 2000 is said to be suitable 
for a wide range of parts and applica-
tions from automotive to power and 
kitchen tools, gardening and home 
appliances. It will replace, in the mid-
term, Osterwalder’s successful KPP, 
CA-NC and UPP press series, used 
widely in the production of automo-
tive components. Osterwalder’s HMI 
Impressive, presented at Ceramitec 

Osterwalder to unveil new OPP 2000 
CNC multi-platen electrical press 

2015, will also be introduced into 
the OPP series in future. 

According to the company, the 
switch to an electric drive will 
improve the precision, repeat-
ability and accuracy of the produc-
tion process, making it possible 
for presses to meet customers’ 
requirements for more complex 
geometries and net shape parts.

The OPP 2000 is equipped with 
Osterwalder’s patent pending Fast 
Assembly System for Tools (FAST), 
enabling the rapid fixing of press 
tools using what the company 
calls an ‘innovative quick fixture’. 
The multi-platen die-set adaptor 
remains installed in the press at 
all times, while the area for tool 
changes both flexible and compact, 
comprising sliders with tools affixed 
to a rack where they can be rotated 
and stored.

The OPP 2000 is also modular, 
allowing for easy expansion. It incor-
porates what the company refers 
to as a novel architecture on the X 
axes, enabling high press forces to 
be applied on individual axes. While 
previous electric presses are said to 
have offered limited counterforce, on 
the OPP 2000, both the top and bottom 
plates of the press can be loaded with 
maximum press force. The motor 
wedge system also offers a large 
adjustment track, maximising tool 
flexibility.

The new press is also said to 
improve the operator environment by 
minimising emissions, leakage and 
noise. It does not require a pit or high 
working platform for the operator, 
but features an integrated stair top to 
reduce expensive infrastructural costs. 
Its compact design and a new guide 
system are said to optimise the acces-
sibility of the entire tool area, which 
could make the operator’s work easier.

www.osterwalder.com   
www.ceramitec.com    
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GKN Sinter Metals’ facility in 
Germantown, Wisconsin, USA, 
has completed a Strategic Energy 
Management (SEM) programme to 
reduce the environmental impact 
of its operations. Through the 
programme, the facility is said to 
have improved its electric efficiency 
by 6.6% and natural gas efficiency 
by 15% since 2015.

The programme was completed 
in collaboration with Focus on 
Energy, a company which partners 
with Wisconsin businesses and 
residents to identify energy savings 
and reduce waste. Focus on Energy 
is said to select companies for its 
programme who use significant 
energy in the state and meet the 
required specifications to complete 
the ISO 15001 Energy Management 
certification.

GKN’s strategy includes a plan 
to see all North American facili-
ties certified ISO 15001 by 2020. “By 
launching into the SEM programme, 
it shows that GKN is serious about 
energy savings and reducing 
our impact on the environment,” 
commented John Rau, Health, Safety 
and Environmental Manager at GKN 
Sinter Metals Wisconsin. “When our 
management sets high expectations, 
our manufacturing facilities meet 
them.”

To meet the requirements of the 
programme, Rau and the German-
town team created a customised 
programme for the facility to find 
maximum savings through certificate 
training, quarterly workshops and 
third-party audits. “We were ready 
and committed to taking a compre-
hensive approach to maintaining our 

energy,” stated Wayne Spearman, 
Plant Manager, GKN Sinter Metals 
Wisconsin.

The team stated that they 
implemented projects including 
extensive metering and monitoring, 
furnace upgrades and management, 
upgrades to lighting and compressed 
air systems improvements. The 
improvements have saved an 
equivalent of more than 1.5 million 
kW hours of electricity and more 
than 30,000 therms of natural gas, 
according to Focus on Energy. The 
energy savings also saved $136,000 
at the facility.

Over the two-year SEM 
programme, GKN implemented 
projects which it states will save over 
six million kW hours and 525,000 
therms of natural gas. According to 
Focus on Energy, this is equivalent 
to removing 1,000 cars off the road 
and powering 500 homes every year.
GKN stated that it is now planning 
to expand its environmental savings 
across North America. 

www.gkn.com   

GKN Sinter Metals completes 
programme to reduce environmental 
impact of Wisconsin facility

CNPC nears completion of facility for 
metal powder production
CNPC Powder Group is nearing 
completion of a new 30,000 m2 facility 
in Anhui, China, that will provide 
a major increase in capacity for 
the production of metal powders. 
The company is reported to be on 
schedule to begin manufacturing 
powders in July 2018, with an annual 
capacity capable of reaching around 
3,500 tons in 2019.

The facility is expected to house 
six metal powder production lines 
and will provide clients with services 
across the metal powder process 
chain, from alloy development to 
powder production and testing. The 
expansion will see CNPC strengthen 
its position as an international 
producer of materials for Metal Injec-
tion Moulding and Additive Manu-
facturing, adding to the company’s 
extensive range of metal powders for 
a wide variety of applications.

Also housed on site will be CNPC 
Powder’s new research and develop-
ment facility, which it states is set 
to focus on three critical projects. 
Firstly, the team will explore new 
materials, looking at the produc-
tion of new alloys for MIM and AM 
applications. Secondly, the team will 
investigate the optimisation of mate-
rial production and cost reduction, 
which it hopes will lead to greater 
cost savings for clients. Finally, the 
facility will serve as a research hub 
for innovation in AM.

CNPC Powder is a family owned 
and operated business established 
in 1998, which specialises in the 
development and commercialisation 
of powdered metal materials. The 
company has invested in a number 
of expansions over the years to 
increase its capacity and secure its 
position in the market. From 2003-

2005, three factories were estab-
lished to serve a growing domestic 
market and in 2009 the Shanghai 
office was opened to enable exports 
of powders to international clients. 
In 2015 a North American subsidiary, 
CNPC Powder North America, was 
established to expand services in the 
Americas.

As a result of its North American 
expansion, CNPC Powder states 
that it has been able to establish 
connections with North and South 
American powder users as well as a 
growing presence in Europe. As the 
company develops new powders for 
advanced manufacturing processes 
such as Additive Manufacturing, the 
new facility and R&D Centre at Anhui 
will allow for continued support. 
“This facility is a step in line with our 
core values of long-term relation-
ship building and developing a 
high-quality product for our clients,” 
concluded Abigail Franco, CNPC’s 
Marketing Director.

www.cnpcpowder.com   

www.sacmi.com
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CERAMITEC 2018

Munich

April 10-13, 2018

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 profitably. 

www.erowa.com

A SOLID LINE OF THINKING:
SINTERING WITH A SOLID INFILTRANT

YOUR WROUGHT/WIRE INFILTRATION SOLUTION.
1868 Corniche Drive
Zionsville, IN 46077

888-ULTRA-55
www.ultra-infiltrant.com

PRivest@Ultra-Infiltrant.com

Lauffer Pressen, a producer of 
hydraulic presses and automated 
press systems based in Horb, 
Germany, will introduce its new 
generation of powder compacting 
presses during ceramitec 2018, 
Munich, Germany, April 10-13. 
The new Lauffer C-Line is said to 
combine the latest developments 
in innovative press technology with 
Lauffer’s proven experience as a 
producer of systems for the Powder 
Metallurgy market.

Developed to help enable 
efficient and cost-effective PM 
part production, the company’s 
new generation of machines is 
powered by servo-hydraulic drives 
and offers a reduced footprint and 
system height compared to previous 
models. The new machines have 

also been designed to improve 
operator comfort through the use 
of ergonomic design and optimised 
user controls, as well as reduced 
noise levels.

Lauffer also offers dedicated 
PM software and a user-friendly 
machine interface to allow for a 
wide range of options, including a 
simulation function with which the 
machine operator can check virtually 
if a PM part is fit to press or not.

During Ceramitec, Lauffer will 
exhibit the first system in the new 
line – an 80 ton compacting press. 
As well as servo-hydraulic drives 
and a reduced footprint, the new 
machine is said to incorporate a 
proportionally controlled oil-cooling 
system, complete housing with 
additional dirt barriers, sealed-off 

Lauffer Pressen to introduce its C-Line 
of powder compacting presses at 
ceramitec 2018

Automotive electric motor maker 
YASA opens new production facility
YASA Ltd, Kidlington, UK, a 
manufacturer of compact, 
lightweight axial-flux electric motors 
and motor controllers for a wide 
range of hybrid and electric vehicles, 
has opened a new production 
facility in Oxford, UK. The opening 
follows the signing of long-term 
development and supply agreements 
with customers in the automotive 
sector and a further investment of 
£15 million in growth funding for 
the company. Universal Partners 
joined Parkwalk Advisors and other 
existing investors in the round, 
bringing the total raised by the 
company to £35 million.

At the official opening of the 
facility, the company displayed a 
number of YASA-powered vehicles, 
including cars from Nissan, 
Jaguar Land Rover and Williams 
Advanced Engineering. In addition 
to automotive, YASA motors are 
used in marine applications and in 
aerospace where high power density 
and torque density are critical.

YASA’s axial-flux electric motors 
contain a number of pressed stator 
cores manufactured from soft 
magnetic composite iron powder. 
They are said to offer best-in-class 
power and torque densities and are 
suitable for both hybrid and pure 
electric vehicle applications. This 
gives automotive manufacturers 
the opportunity to improve vehicle 
performance whilst reducing weight.

Speaking at the opening, Dr Chris 
Harris, YASA CEO, explained, “Our 
customers are looking to adopt 
innovative new technologies such 
as YASA’s axial-flux electric motors 
and controllers in order to meet 
the needs of the rapidly expanding 
hybrid and pure electric automotive 
market. This additional £15 million 
in growth funding will enable YASA 
to further invest in the volume 
production capacity necessary to 
meet our customers’ requirements 
and to address markets beyond 
automotive including aerospace and 
marine.”

Andrew Birrell, of Universal Part-
ners, added, “YASA has unique and 
highly differentiated axial-flux motor 
technology that offers clear advan-
tages in terms of power and torque 
density compared to their competi-
tion in class. We are pleased to have 
the opportunity to invest and are 
very excited by the prospects for the 
company.”

Alastair Kilgour, Chief 
Investment Officer at Parkwalk 
Advisors, said, “YASA has made 
excellent commercial progress 
over the past two years and 
we are pleased to continue to 
support the Company in this 
latest financing round. With the 
rapid growth of electrification 
in automotive and other sectors 
such as aerospace and marine, 
we believe YASA has huge 
business potential.”

www.yasa.com   

oil-tanks to prevent air exposure, a 
fixed adapter system, an integrated 
powder filling system and optional 
reference clamping system.

www.lauffer.de
www.ceramitec.com   

The new Lauffer C-Line is powered 
by servo-hydraulic drives and offers 
a reduced footprint and system 
height (Courtesy Lauffer)

mailto:paul%40inovar-communications.com?subject=
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Carpenter Technology 
announces senior leadership 
changes

Carpenter Technology Corporation, USA, has announced 
senior operating leadership changes within the 
organisation. The company announced that Joe Haniford, 
COO, will assume a new role as Vice President, Business 
Management Office and Global Advanced Engineering, 
as well the leadership of Environmental, Health and 
Safety.

In his new role, Haniford will be focused on the 
“continued implementation of the Carpenter Operating 
Model and lean manufacturing principles across the 
company’s facilities.” This transition is said to be in-line 
with the strategic plan initiated when Haniford joined 
Carpenter in July 2015.

In addition, Mike Murtagh will be appointed Vice 
President and Group President of Carpenter’s Specialty 
Alloys Operations (SAO). Murtagh previously served as 
Carpenter’s Chief Technology Officer, a role which the 
company will now look to fill. Both leadership changes 
will be effective July 1, 2018.

www.cartech.com   

Metal Powder Products 
acquires NetShape

Almkvist joins Höganäs’ 
management team, 
Braithwaite assumes business 
area position

Metal Powder Products LLC (MPP), a Mill Point Capital 
portfolio company based in Westfield, Indiana, USA, has 
acquired NetShape Technologies Inc., a leading manufac-
turer and solutions provider of MIM and PM components 
headquartered in Floyds Knobs, Indiana.

Dennis McKeen, President and CEO of MPP, stated, 
“The combination of MPP and NetShape creates a global 
leader in powdered metal manufacturing. The combined 
company’s increased scale and capabilities will provide our 
customers with unmatched quality and service.”

“MPP and NetShape are a perfect fit from a business 
perspective,” added Dax Whitehouse, NetShape’s CEO. 
“The two businesses strongly complement each other and 
we look forward to building upon our respective strengths.”

“The NetShape acquisition provides MPP with key 
strategic additions such as MIM capabilities and a Chinese 
manufacturing footprint,” said Chuck Spears, Execu-
tive Chairman of MPP. “The combination reflects MPP’s 
continued focus on investments that drive value for 
customers and enhance the company’s culture of quality 
and reliability.”

www.metalpowder.com   | www.netshapetech.com  

Sweden’s Höganäs AB has announced that Kennet 
Almkvist has been appointed to Senior Vice President 
Commercial at the metal powder company.

“Kennet will be an important contributor to Höganäs, 
the Commercial department and the management team 
with his long experience and knowledge in our business 
and technology,” stated Fredrik Emilson, Höganäs CEO.

Almkvist is reported to have held various executive 
positions at Bayer and H.C. Starck, mainly in commercial 
roles. Prior to joining Höganäs, Almkvist was Vice Presi-
dent Global Sales and Marketing for the Division Surface 
Technology and Advanced Ceramics Powder (STC) at H.C. 
Starck.

“Kennet has a great drive, team spirit and creative-
ness,” added Emilson. “He will be integral in forming 
Höganäs’ new and extended customer offering following 
the acquisitions of Metasphere Technology and STC.”

Höganäs also reported that Mark Braithwaite, currently 
the company’s Chief Financial Officer, will take on the role 
as President Business Area Automotive APAC as of March 
1. Braithwaite has worked at Höganäs since 2003 and has 
been the company’s Chief Financial Officer since 2014.

www.hoganas.com   
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The European Powder Metallurgy 
Association (EPMA)’s 2018 Powder 
Metallurgy Component Awards 
has opened to entries from EPMA 
members. The 2018 competition will 
consist of the following categories:

• Additive Manufacturing

• Hot Isostatic Pressing

• Metal Injection Moulding

• PM structural (including hard 
materials and diamond tools 
parts)

Entries will be judged by a panel 
of independent industry experts from 

EPMA’s 2018 Powder Metallurgy 
Component Awards open for entries

PRESS

• Mechanical
• Hydraulic
• Electric

FURNACE

• Sintering
• Brazing
• Annealing

TOOLING

• Precision Miniature
• High Tonnage
• Tolerance to 0.0001“

Launched at the World Economic 
Forum in Davos in early 2017, the 
Hydrogen Council is a global CEO-led 
initiative which aims to foster the 
role of hydrogen technologies in 
the global energy transition. The 
Council has announced a further 
eleven corporations have now joined, 
including leading international oil & 
gas, energy, science & technology 
and automotive companies, almost 
doubling membership one year on 
from its launch.

Among the new member corpo-
rations, 3M, Bosch, China Energy, 
Great Wall Motor, JXTG Nippon Oil 
& Energy Corporation and Weichai 
have joined as steering members 
and Hexagon Composites, Marubeni, 
McPhy, Nel Hydrogen and Royal 
Vopak have joined at supporting level.

Since its launch, the council is 
said to have expanded to cover all 
key markets with members across 
the value chain. In addition to their 
ongoing individual investments and 
projects, the council reported that it 
expects its members to “join forces to 
drive change, accelerating the pace 
on a global scale” in 2018.

Dr Woong-chul Yang, Co-Chair 
of the Hydrogen Council and 
Vice Chairman of Hyundai Motor 
Company, stated, “We are delighted 
to welcome such impressive 
growth and the strong CEO-level 
commitment to hydrogen this 
demonstrates. This is corporate 
leadership at scale - multinationals 
are walking the talk when it comes 
to building better solutions to 
address the Paris Agreement 
climate goals and hydrogen has 
become an integral part of our 
strategies.”

With increasing interest from 
policymakers and investors 
around the globe, the council 
stated that it expects to see a 
decisive shift in deployment of 
hydrogen technologies globally 
in the next five to ten years, with 
scenarios suggesting that hydrogen 
technologies could contribute to 
meeting 18% of the world’s final 
energy demands, avoiding 6 Gt of 
CO2 emissions, creating a market 
with revenues of $2.5 trillion per 
annum and providing 30 million jobs 
by the middle of the century.

Hydrogen Council gains momentum as 
more companies join global initiative

Benoît Potier, Co-Chair of the 
Hydrogen Council and Chairman 
and CEO of Air Liquide, stated, “I am 
pleased to see more and more leading 
companies around the world commit-
ting to the development of hydrogen, 
recognising it as a key solution to the 
energy transition. Since its launch one 
year ago, the council has been able to 
build strong momentum.”

“Its active participation in high-
level international events, such as the 
World Economic Forum, New York 
Climate Week, One Planet Summit 
and Cop23, lead to major progress 
engaging with policymakers and 
governments. Our priority in 2018 
will be to continue this rapid pace 
working alongside global partners and 
international organisations to help 
make hydrogen an everyday reality,” 
he concluded.

The Hydrogen Council has 
published two studies to date: ‘How 
hydrogen empowers the energy tran-
sition’ (January 2017), exploring the 
role of hydrogen in the energy transi-
tion, including its potential, recent 
achievements, and challenges to its 
deployment and ‘Hydrogen, scaling 
up’ (November 2017) presenting a 
look at the long-term potential of 
hydrogen and a roadmap for deploy-
ment.

www.hydrogencouncil.com   

across Europe. According to the 
EPMA, judging will be on the grounds 
of the following criteria:

• To what extent is the PM compo-
nent described in the entry 
expected to provide cost savings 
and/or improved quality?

• To what extent is the entry 
expected to stimulate further 
usage of PM materials and 
technology?

• How well is the entry prepared 
(description of component, inclu-
sion of diagrams, photographs 
and other illustrations)?

• How does the component 
rate in terms of excellence in 
exploiting PM or in terms of 
novelty, surpassing borders 
or bringing new ideas into 
practice?

The awards will be presented 
during the plenary session 
at Euro PM2018 Congress & 
Exhibition in Bilbao, Spain, 
October 14-18, where a short 
video of the prize winners will be 
shown. 

All entries will be displayed in 
the EPMA Components Awards 
Showcase and receive extensive 
press coverage. The deadline for 
entries is May 31, 2018.

componentawards.epma.com
www.epma.com    
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We know what makes 
Hard Metals

Meeting the highest standards for drying and powder quality

GEA spray drying plants unite innovation and experience to state-of-the art process 

technology for the production of hard metals and advanced ceramics. We have 

pioneered this technology, and our expertise helps you to meet the highest standards 

of powder quality, including powder size distribution, residual moisture content, 

bulk density and particle morphology. At the same time, all GEA plants are designed 

to comply with the strictest requirements regarding effi  ciency, health and safety and 

environmental compliance. Customer-oriented service concepts guarantee a seam-

less support for instant productivity and performance. 

For contact details: gea.com/contact

Sandvik AB, Stockholm, Sweden, 
has published its Annual Report for 
2017. The company stated that 2017 
had been a strong year, in which the 
group saw a significant increase in 
customer activity as well as delivery 
on internal efficiencies. This was 
reported to have resulted in record-
high adjusted operating profit of 14.6 
billion SEK (2016: 11.0 billion SEK), a 
significant improvement in adjusted 
operating margin to 16.1% (2016: 
13.5%) and a record high operating 
cash flow of 14.7 billion SEK (2016: 
12.5 billion SEK).

According to the report, Sandvik 
saw improved demand in all 
customer segments and in all 
geographical regions in 2017, with 
order intake noting organic growth 
of 15%. Björn Rosengren, Sandvik 
President and CEO, stated, “I am 
very pleased with our diligent focus 
on cost efficiency in this period of 
high business activity, as well as 
our product innovations that create 
value for our customers by offering 
increased sustainable productivity.”

He stated that the group saw 
particularly good performance 
over the year in Sandvik Machining 
Solutions and Sandvik Mining and 
Rock Technology; the strongest 
growth was reported in the 
mining segment, due to a signifi-
cant improvement in demand for 
replacement equipment as well as 
higher demand in the aftermarket 
business.

Across the group, changed 
exchange rates were said to have 
had a positive impact of 1% on 
both order intake and revenues. 
Sandvik’s order intake for the full 
year amounted to 95,444 million 
SEK (2016: 81,861 million SEK), and 
revenues were 90,905 million SEK 
(2016: 81,553 million SEK), implying 
a book-to-bill ratio of 105%. 
Changed metal prices had a positive 
impact of 113 million SEK (64). Net 
financial items amounted to -1,080 
million SEK (2017: -1,652 million 
SEK) and the profit after financial 
items was 17,018 million SEK (2016: 
9,366 million SEK).

During the year, Sandvik received 
several recognitions for sustain-
ability. Most recently, the company 
was listed No. 65 out of the Global 
100 most sustainable companies by 
Corporate Knights, presented at the 
World Economic Forum in Davos. 
“This was a great achievement and 
confirmation that sustainability is 
truly an integral part of our busi-
ness,” stated Rosengren.

In 2017, the company concluded 
the divestments of Sandvik Process 
Systems and Mining Systems 
(discontinued operations) and 
announced a new owner for Hyperion, 
and completed the divestment of the 
welding wire business to ESAB in 
early 2018. These businesses were 
said to account for some 10% of 
group revenues and their divestments 
were expected to create additional 
balance sheet capacity to grow the 
core business of Sandvik.

www.home.sandvik/en/   

Sandvik reports record-high 
operating profit for 2017

Höganäs completes its acquisition of 
H.C. Starck’s surface coating division
Sweden’s Höganäs AB has completed 
its previously reported take over of 
H.C. Starck’s Surface Technology & 
Ceramic Powders (STC) business. 
Reported to be Höganäs’ largest 
acquisition so far, it follows the 
company’s recent purchase of 
Metasphere Technology and Alvier 
PM-Technology.

On the closing of this latest 
acquisition, Fredrik Emilson, 
President and CEO of Höganäs 
Group, stated, “STC is a strategically 
important acquisition for our 
growth agenda in more areas than 
traditional Powder Metallurgy. 
With STC, Höganäs gets access to 
new markets and product groups 

within the premium segment 
for surface coating and Additive 
Manufacturing. The acquisition 
means that we start the building 
of a second strong leg in Höganäs’ 
business, next to metal powder for 
pressed and sintered components.”

STC employs close to four-
hundred people, mainly in 
Germany, where the company 
has two production units which 
Höganäs states will complement 
its powder production capacity. 
STC’s customer base is mainly 
European, which is also said to 
complement Höganäs’ stronger 
position in the Americas and Asia-
Pacific region.

“Together, we become a large 
player in surface coating and Additive 
Manufacturing,” added Emilson. 
“With STC follows a deep knowledge 
of applications within, for instance, 
aerospace and oil and gas. These 
are areas where we see a large 
development potential and where we 
can offer our customers solutions for 
a more sustainable industry.”

The acquisition contract was 
signed before Christmas 2017 
and approved by the relevant 
competition authorities at the end 
of February 2018. “Now we kick 
off the collaboration with our new 
colleagues. Together we will plan 
for our joint future as world leader 
within surface coating, Additive 
Manufacturing and PM,” concluded 
Emilson. “We all look forward to that.”

www.hoganas.com   

Submitting news..
To submit news to PM Review 
please contact Paul Whittaker: 
paul@inovar-communications.com
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The flair and flexibility you need

T: +44 (0)1706 717326       E: mmp@makin-metals.com

www.makin-metals.com

• Copper
 - Irregular
 - Spherical
 - Dendritic

• Copper Alloys

• Tin

• Press-ready
 premix bronzes

• Infiltrants

• Speciality powders

Products Include: A Global Supplier Of Non-Ferrous
Metal Powders with a reputation for
• QUALITY
• FLEXIBILITY
• CUSTOMER SERVICE
• NEW PRODUCT
   DEVELOPMENT

Makin Metal Powders (UK ) Ltd has achieved its current position 

as one of the leading Copper and Copper Alloy powder producers 

in Europe by supplying the powders that match customer 

technical specifications in the most cost effective manner on a 

consistent basis, batch after batch.

Makin Metal Powders (UK) Ltd

Roboworker establishes first North 
American base
Roboworker Automation GmbH, 
headquartered in Weingarten, 
Germany, has established its first 
North American base. Located in 
Lewis Center, Ohio, USA, the sales 
office is expected to provide a new 
point from which the company will 
promote its technologies in the 
marketplace, as well as serving and 
supporting the needs of its North 
American Customers.

The company’s new base will be 
headed by Michael Starn, who is 
reported to offer extensive experience 
and knowledge in metal cutting 

technologies. Stern commented 
that he is looking forward to further 
strengthening Roboworker’s position 
in the US, Canada and Mexico.

Established in 1989, Roboworker 
Automation is a manufacturer of 
systems for automation and for the 
inspection of precision parts, such 
as cutting inserts and wear parts 
and automotive components. The 
company specialises in three core 
areas of powder press automation, 
cutting insert automation and 
inspection processes.

www.roboworker.com   

POWDERMET2018 Conference 
Programme now available

The conference programme for 
POWDERMET2018 is now avail-
able. Organised by the Metal Powder 
Industries Federation (MPIF), 
POWDERMET2018, the International 
Conference on Powder Metallurgy and 
Particulate Materials, is set to take 
place from June 17-20, 2018, at the 
Grand Hyatt San Antonio, Texas, USA.

The event will include an inter-
national exhibition focused on the 
Powder Metallurgy, Powder Injec-
tion Moulding, particulate materials 
and metal Additive Manufacturing 
industries, as well as a technical 
programme of presentations 
addressing recent advances across 
the full spectrum of Powder Metal-
lurgy and materials technologies.

A keynote during the Opening 
General Session on Monday, June 
18, will be given by Casey Selecman, 
Associate Director, Advisory Services, 

IHS Markit, titled ‘Automotive Outlook: 
Evolution or Revolution?’, looking 
at the changes facing the automo-
tive industry such as autonomous 
driving, electric vehicles, new mobility 
concepts and vehicle connectivity. 
The opening session will also feature 
welcome comments from the MPIF’s 
Executive Director/CEO, James P 
Adams, and MPIF President John 
Sweet, PMT.

Special interest programmes 
included in this year’s conference 
programme include ‘Advancements 
for high-density PM components,’ 
‘Energy generation & storage technol-
ogies,’ ‘Tungsten & refractory metals’ 
and ‘Machinability’

Registration for the conference 
includes access to the co-located 
AMPM2018: Additive Manufacturing 
with Powder Metallurgy sessions. 

www.powdermet2018.org   

POWDERMET2018 will take place at the Grand Hyatt (Courtesy Hyatt)

ASM adopts 
Freeman’s FT4 
Rheometer for 
metal powder 
testing
 
Freeman Technology has announced 
that ASM International recently 
adopted the FT4 Powder Rheometer 
for metal powder testing. Designed 
to characterise the flow properties of 
powders, the FT4 Rheometer is also 
able to test shear strength, along 
with bulk properties such as density, 
compressibility and permeability.

ASM International is described 
as “the world’s largest and most 
established materials information 
society,” an organisation connecting 
a global network of members to 
facilitate the transfer of content, data 
and research. The organisation also 
offers a variety of educational training 
courses on many topics and, where 
appropriate, incorporates dynamic 
powder testing into its courses to 
further educate industrial users.

Both organisations stated that this 
collaboration will support greater 
use of the FT4 Rheometer to improve 
the manufacture and use of metal 
powders across a range of industries.

www.powderflow.com.
www.asminternational.org   

Successful first 
MAPP Conference
MAPP (EPSRC Future 
Manufacturing Hub in Manufacture 
using Advanced Powder Processes) 
has reported that its First 
International Conference was a 
success. Held in Sheffield, UK, from 
January 30-31, 2018, the conference  
attracted some 180 delegates 
and speakers from over thirty-five 
companies and twenty universities.

The event was targeted at 
bringing together experts in 
particulate and powder science.

www.mapp.ac.uk   
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SLM Solutions Group AG
Roggenhorster Straße 9c  |  D-23556 Lübeck
Fon +49 451 16082-0 

slm-solutions.com

Build envelope (L x W x H)
280 x 280 x 365 mm3

Build rate (Twin 700 W)
up to 88 cm3/h*

Closed powder management
with inert gas atmosphere Patented multi-beam technology 

with bidirectional powder coating

*depending on material and build part geometry
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Toyota Motor Corporation, Toyota 
City, Japan, has developed what 
it states is the world’s first 
neodymium-reduced, heat-resistant 
magnet. Neodymium (Nd) magnets 
are used in a variety of motors, 
including high-output motors found 
in electrified vehicles. According to 
Toyota, the new magnet uses signifi-
cantly less of the rare-earth element 
neodymium and can be used in high-
temperature conditions.

It is important that magnets used 
in automotive motors and other 
applications have high coercivity 
(the ability to maintain magnetisa-
tion) even at high temperatures. 
For this reason, approximately 30% 
of the elements used in magnets 
are rare earths. The rare earths 
terbium (Tb) and dysprosium (Dy) are 
generally added to Nd magnets to 
increase high-temperature coer-
civity. However, these metals can be 
expensive and are found in high-
geopolitical risk locations. Because 
of this, Toyota stated that it has 
made considerable efforts to develop 
magnets that do not use these 
metals – the newly developed magnet 
is said to use no Tb or Dy at all.

Although production volumes of 
neodymium are relatively high among 
rare earths, there are concerns that 
shortages will develop as electrified 
vehicles, including hybrid and battery 
electric vehicles, become increas-
ingly popular. Therefore, a portion of 
the Nd in the magnet has also been 

replaced with lanthanum (La) and 
cerium (Ce), said to be lower-cost 
rare earths.

According to Toyota, merely 
reducing the Nd and replacing it 
with La and Ce results in a decline in 
motor performance; as a result, the 
company states that it has adopted 
new technologies to suppress the 
deterioration of coercivity and heat 
resistance and developed a magnet 
with levels of heat resistance 
equivalent to typical Nd magnets, 
while reducing the amount of Nd 
used by up to 50%. 

This new type of magnet is 
expected to be useful in expanding 
the use of electric motors in areas 
such as automobiles and robotics, 
as well as maintaining a balance 
between the supply and demand of 
valuable rare earth resources. 

Key development features 
According to Toyota, its new 
Nd-reduced magnet is able to main-
tain coercivity even at high tempera-
tures thanks to the combination of 
three new technologies:

1. Grain refinement of magnet
Toyota stated that it is now possible 
to retain high coercivity at high 
temperatures through the reduc-
tion of the size of the magnet grains 
to 10% or less of those found in 
conventional Nd magnets and an 
enlargement of the grain boundary 
area.

2. Two-layered high-performance 
grain surface             
In a conventional Nd magnet, 
neodymium is spread evenly within 
the grains of the magnet and, in 
many cases, Toyota stated that 
the neodymium used is more than 
the necessary amount to maintain 
coercivity. Thus, it is possible to use 
Nd more efficiently by increasing the 
neodymium concentration on the 
surface of the magnet grains, which 
is necessary to increase coercivity, 
and decreasing the concentration 
in the grain core. This results in the 
reduction of the overall amount of 
neodymium used in the new magnet.

3. Specific ratio of lanthanum and 
cerium                 
If neodymium is simply alloyed 
with lanthanum and cerium, its 
performance properties (heat 
resistance and coercivity) decline 
substantially, complicating the use 
of light rare earths. After evaluating 
various alloys, Toyota stated that it 
discovered a specific ratio at which 
La and Ce can be alloyed so that 
the deterioration of properties is 
suppressed.

Future efforts in Nd-reduced 

magnets at Toyota
Toyota stated that the continued 
development of elemental technolo-
gies for motors, inverters, batteries 
and other components will require 
steady research and development 
and that it sees these technologies 
as essential for the increased adop-
tion of electrified vehicles.

This new magnet is expected to 
be put into use in electric power 
steering motors for automobiles and 
other applications in the first half 
of the 2020s. The company believes 
that it will have a wide range of 
applications in motors that require 
relatively high output, such as those 
required for electrified vehicle drive 
motors and generators, robots and 
various household appliances, as 
well as helping to reduce the risks 
posed by potential disruptions 
in rare earth supplies and price 
increases.

www.toyota-global.com   Fig. 1 Use of rare earths in neodymium magnets (Courtesy Toyota) 

Toyota develops neodymium reduced-
rare earth magnet for electric motors

mailto:paul%40inovar-communications.com?subject=
http://slm-solutions.com


26 © 2018 Inovar Communications LtdPowder Metallurgy Review       Spring 2018

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

In 1999, ELNIK Systems partnered with 
DSH Technologies to ensure our customer’s 

businesses continue to reach new heights.
We are the MIM industry leaders.

3
Test Drive

Before You Buy
2

Ongoing
Technical Support

& Education
1

Free Consulting
Services*

*Up to one full year with purchase of MIM furnace.

107 Commerce Road | Cedar Grove, NJ 07009 USA | +1 973.239.7792 | www.dshtech.com

ICBP MODULAR 
V A C U U M  I N ST A L L ATI O N 

F O R  P M  C O M P O N E N T S

Contact : info@ecmtech.fr

WWW.ECM-FURNACES.COM

FULL process in ONE equipment 

Debinding
450~650°C

n Duration of debinding phase adjustable 
according to the weight of the load and 
independently of the sintering step
n Control over the atmosphere and the 
pressures for increased debinding efficiency
n   Binder collection system

Low-pressure carburizing
(option)
920~1,050 °C

n  LPC Infracarb® process adapted to sintered materials
  (C2H2  partial pressure)
n  A carburizing depth perfectly controlled and reproducible
n  No intergranular oxidation
n  No carbon potential control required
n  Enhanced fatigue strength with combination of LPC and   
      Stop-Quench® processes and/or nitrogen diffusion.

n Flexible : 
 - Helium (He) or nitrogen (N

²
)

 - Up to 20 bar
 - Single flow or reversible flow-gas
n Improved quality : 
 - Reduced distortions 
 - Post-treatment cleanliness 
 - Reproducibility

Sintering
> 1.200°C2

3

1

n Full control over the temperature increase
n Vacuum: no oxidation
n.Capacity to treat chromium alloys at high 
temperatures (Astaloy™CrA, Astaloy™ CrM, etc.)

Gas quenching

4

Arcast launches VersaMelt 
Inert Gas Atomiser
Arcast, Oxford, Maine, USA, has launched a new metal 
powder atomiser designed for use at small companies and 
research establishments. The VersaMelt Inert Gas Atom-
iser is reportedly capable of processing a number of metal 
alloy systems from a single atomiser platform.

The system incorporates a multi-configurable melt 
chamber that will allow conventional melting in a ceramic 
induction crucible, rod feed induction drip melting, tube 
feed cold crucible arc/plasma melting and tilt-and-pour 
cold crucible arc/plasma melting.

This is expected to enable it to accommodate a wide 
range of complex alloys, from tin to tungsten. Arcast 
stated that the atomiser is capable of producing ceramic-
free titanium (or similar metal) using scrap or recycled 
powder as feedstock, with a nominal batch capacity of 
up to 3 kg (steel equivalent) per cycle and multiple cycles 
possible in a day.

The unit is priced for the budgets of small compa-
nies and research establishments and has reportedly 
been designed as a tool for organisations contemplating 
entering the AM market. In line with this aim, it is 
designed to occupy minimal space (less than 4 m x 4 m x 
4 m) and to consume as little water, gas and electricity as 
possible.

www.arcastinc.com   

BorgWarner inaugurates new 
turbocharger production 
facility in Thailand
BorgWarner Inc., headquartered in Michigan, USA, has 
inaugurated a new manufacturing facility for its turbo-
chargers in Rayong, Thailand. The 6,500 m2 facility is 
designed to meet increasing demand for turbocharging 
technologies in the Southeast Asian market.

Robin Kendrick, President and General Manager, Borg-
Warner Turbo Systems, stated, “Thailand is a very impor-
tant production base for Asian automakers and offers an 
excellent business environment. Many leading automakers 
have production facilities in Thailand. With our new facility 
in Rayong we serve them with localised manufacturing 
to meet their thriving demand while strengthening our 
leadership position.”

Using the experience gained in its other production 
plants, the latest BorgWarner facility is said to have been 
designed following lean production principles, making 
the flow of people and materials along the production line 
clear and efficient. Production will takes place in a clean 
environment with an over-pressurised and air-conditioned 
airlock-enclosed shop floor to keep out any particles 
which might interfere with production processes.

www.borgwarner.com   
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Contact us at:
E: materialsprotection@lonza.com www.lonza.com

Acrawax® C Lubricant

Setting the standard in the metal powder industry, Acrawax® C 
Lubricant is a clean-burning, metal free lubricant that does 
not generate metallic or corrosive byproducts. Acrawax® C 
Lubricant is combustible, leaving no residue on sintered parts.

Acrawax® C Lubricant Offers:

 – Precise particle size control
 – Free flowing powder mixes
 – Low die wear and easy part removal from the die
 – Reduced part distortion
 – Variety of custom particle sizes

Powder Metal Lubricant

Metals

Bodycote’s Hot Isostatic Pressing 
(HIP) facility at Sint Niklaas, Belgium, 
is awaiting delivery of a new ‘Mega-
HIP’ unit which is expected to be 
operational by the end of 2018. 
According to the company, the new 
high-pressure, high-temperature 
Mega-HIP is Nadcap capable and 
is expected to aid the company in 
meeting growing demand from the 
European aerospace market over 
the next five years and beyond. This 
investment is expected to signifi-
cantly increase Bodycote’s Nadcap 
HIP capacity globally and follows an 
increase in Nadcap capable HIPing 
capacity which it completed in 2017. 
These recent investments were said 
to highlight the company’s commit-
ment to expanding its global HIP 
capacity to meet market require-
ments.

Bodycote operates the world’s 
largest HIP equipment network 

A HIP vessel is lowered into place at 
one of Bodycote’s facilities (Courtesy 
Bodycote)

Bodycote to expand European 
HIP capabilities

and continues to invest in recogni-
tion of the growing demand for HIP 
technology. Having established its 
HIP expertise over several decades, 
Bodycote has over fifty HIP vessels of 
varying sizes in multiple locations. Its 
processing capabilities can reportedly 
accommodate components which are 
nominally up to 2 m diameter by 3.5 m 
high and weighing from 0.1 kg to over 
30,000 kg. As well as standard quality 
and environmental accreditations, 
Bodycote’s HIP facilities also hold 
ASTM and NORSOK accreditations. 
In addition to aerospace, Bodycote 
HIP serves clients around the world 
in markets as diverse as the medical, 
power generation, marine, nuclear, 
automotive and electronics indus-
tries, with both HIP services and its 
Powdermet® technologies.

The recently launched Powdermet 
technologies incorporate new, patent-
pending techniques that combine 

Additive Manufacturing with well-
established net shape and near net 
shape (NNS) techniques. This new 
hybrid technology is said to dramati-
cally reduce the manufacturing 
time and production cost of a part 
compared to producing the same part 
using AM alone.

www.bodycote.com   

Clamping, Measuring and Tooling Systems
up to 1000 tons Compaction Force

ProGrit is your global technology partner for your compaction 
processes. We offer you individual solutions with know-how and 
creativity for measurable added value.

ProGrit GmbH · Pfäffikerstrasse 12d · 8331 Auslikon / Switzerland
Phone +41 (0)44 844 54 26 · progrit@progrit.com · www.progrit.com

Side Compaction System

The new Toyota Auris, which made its world debut at the 
2018 Geneva Motor Show (Courtesy Toyota Motor Europe)

Toyota to phase out 
passenger car diesel engines 
in Europe in 2018
At an executive press meeting on the eve of the Geneva 
Motor Show, Switzerland, Toyota Motor Europe (TME) 
revealed that it will phase out all diesel engines from its 
range of European passenger cars in 2018. The company 
stated it will, however, continue to offer diesel engines 
in its Hilux, Proace and Land Cruiser models to meet 
customer demand.

In 2017, Toyota stated that hybrid electric vehicle 
(HEV) s represented 41% of TME’s total sales, an increase 
of 38% year-on-year to 406,000 units. In contrast, Toyota’s 
diesel mix on passenger cars was reported to be less than 
10% in the same year.

Johan van Zyl, President and CEO of Toyota Motor 
Europe, commented, “Toyota has been pioneering Hybrid 
Electric Vehicle technology for more than twenty years. 
For several years, HEV versions have been the dominant 
powertrain where offered. In our latest new model, the 
Toyota C-HR, HEVs accounted for 78% of sales last year.”

During the presentation, Toyota shared the next step 
of its European powertrain strategy, introducing the new 
Auris model, to be built at Toyota Manufacturing UK’s 
Burnaston factory from next year. This range will be 
offered with a choice of three powertrains, including a 1.2 
litre petrol engine and two HEV systems.

“As part of our electrified vehicle strategy, we are 
progressively expanding our HEV offering with a second, 
more powerful 2.0l engine,” continued van Zyl. “Starting 
with the new generation Auris, this expanded HEV line-up 
is a natural reaction to our passenger car customers’ 
demands.”

In February 2018, Toyota Motor Group reported sales of 
1.52 million vehicles with electrified drivetrains globally in 
2017, an increase of 8% over the previous year’s electric 
vehicle (EV) sales, putting the company three years ahead 
of the target it set in October 2015 to sell 1.5 million EVs 
in the year 2020.

www.toyota-europe.com   
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PM parts in production at GKN 
Powder Metallurgy (Courtesy GKN)

All Series Debinding and Sintering Furnace
for Metal Injection Molding

walking beam continuous
debinding and sintering furnace

graphite hot zone debinding and 
sintering vacuum-pressure furnace

graphite hot zone debinding 
and sintering vacuum furnace

debinding and pre-sintering 
vacuum furnace

metal hot zone sintering 
vacuum furnace for titanium

metal hot zone debinding 
and sintering vacuum furnace

Contact:David/Tel:+86-13567416699

xiangwei.zou@hiper.cn/www.hiper.cn

NO.521,Haitong Road,Cixi City,Zhejiang,China

Huacheng Moulding (Changshu) Co., Ltd.
Professional Tooling Maker  

for POWDER METALLURGY since 1978

European Office 
info@mechworx.com

China 
www.szhcjm.com 
harvey@hcmold.com.tw

Taiwan (HQ) 
www.moldmaker.com.tw 
jeff@hcmold.com.tw

GKN reports record sales of over 
£10 billion for full year 2017
GKN plc has reported record sales for 
its full-year 2017 results. The global 
engineering group’s sales were up 
11% at £10,409 million, the first time 
the group has exceeded £10 billion. 
Excluding the £112 million North 
American Aerospace balance sheet 
review adjustments, operating profit 
(management basis) was reported to 
be £774 million (2016: £773 million). 
Including the adjustment, operating 
profit (management basis) across the 
group was £662 million, a 14% drop 
on the previous year.

“GKN has fantastic businesses 
which have grown organically above 
our key markets, demonstrating 
once again our strong positions and 
leading technology,” stated Anne 
Stevens, Chief Executive of GKN. The 
group’s Powder Metallurgy division, 
incorporating its Sinter Metals and 

Hoeganaes businesses, reported 
organic sales growth of 5% and 
a trading margin of 10.6% (2016: 
11.4%), principally reflecting higher 
raw material surcharges and the divi-
sion’s investment in high-end powder 
capability in China.

It was stated that GKN Powder 
Metallurgy’s trading margin is 
expected to show steady progression 
in 2018 and 2019 as it works towards 
achieving its 2020 target of at least 
11%. Operating cash flow is expected 
to remain strong.

Commenting on its plans to split 
the Aerospace and Driveline busi-
nesses, GKN stated that it is in the 
process of separating operationally 
and that the board has determined 
to formally separate GKN Aerospace 
and GKN Driveline into two listed 
companies via a demerger. The aim 

is to complete the demerger in the 
middle of 2019, creating two compa-
nies able to support their share of the 
group’s pension liabilities. The basis 
on which to progress these discus-
sions has been agreed with the UK 
Pension Trustees.

As previously reported, GKN plans 
to proceed with the sale of GKN 
Powder Metallurgy and it was stated 
that this and other divestments are 
expected to be completed within 
12-18 months.

www.gkn.com   

Atlas Pressed Metals, DuBois, Penn-
sylvania, USA, has been recognised 
by SRI for its twenty-year continuous 
association with the quality standards 
auditing company. During a recent 
in-house audit for the company’s 
IATF 16949 certification, SRI Auditor 
Robin Dudash presented Atlas 
President Jude Pfingstler with a 
’20-year Crystal Award’ in honour of 
the occasion.

In addition to internal auditing for 
all quality, safety, and environmental 
standards, SRI, based in Seven 
Fields, Pennsylvania, offers a range 
of focused training courses and 
on-site training.

Christopher H Lake, SRI Presi-
dent, stated, “Atlas Pressed Metals 
and its employees are one of the 

Quality auditor 
recognises Atlas 
Pressed Metals

Jude Pfingstler, Atlas Pressed Metals (Courtesy Atlas)

distinguished few that has set the 
highest standards and excelled for 
more than two decades. [Their] 
commitment to quality and manage-
ment systems demonstrates [their] 
dedication to meet and exceed 
customer expectations and continu-
ally strive for excellence.”

Robin Dudash has been visiting 
Atlas since 1996 as SRI’s lead auditor. 
Asked to describe Atlas Pressed 
Metals, she stated, “If I could sum 

it all up in one word, I would say, 
integrity.”

Since SRI started recognising 
clients for the 20-year recognition 
in 2014, they have awarded 96 
companies for their continued 
commitment and relationship 
with SRI to date. On receiving the 
award, Pfingstler said he was “both 
surprised and honoured” by the 
recognition.

www.atlaspressedmetals.com 
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The European Powder Metallurgy 
Association (EPMA) is to hold a 
Functional Materials Seminar in 
Jülich, Germany, April 16-17, 2018. 
The seminar will be on the topic 
of ‘Functional PM Components in 
Next Generation Electric Cars’ and 
will discuss the range of functional 
materials that can be produced by 
Powder Metallurgy such as SMC, 
thermo-electric materials, porous 
heat pipes, permanent magnets, 
hydrogen carriers and fuel cell 
plates, among many others.

During the seminar a number 
of industry experts will present the 
potential uses of these materials 

Functional Materials Seminar to identify 
PM applications in next generation 
electric vehicles

in cars, followed up by a work-
shop preparing a consortium for a 
Horizon2020 application under the 
umbrella of the EPMA.

 The seminar is set to be held at 
the Forschungszentrum Jülich, a 
research centre specialising in the 
development of secure, affordable 
and environmentally friendly energy. 
Accommodation will be provided 
close to the centre.

Those attending the seminar 
will be able to pick up a free copy of 
Powder Metallurgy Review.

http://seminars.epma.com   

Voestalpine AG subsidiaries Böhler 
Edelstahl GmbH & Co KG, Böhler 
Schmiedetechnik GmbH & Co KG 
and Böhler Bleche GmbH & Co KG 
will be rebranded to include the 
word ‘Voestalpine’ in their company 
names with immediate effect, the 
group has announced. The compa-
nies’ visual appearance is also 
expected to be adapted to conform 
to the Voestalpine brand image.

According to Voestalpine, the 
change is intended to stress the 
Böhler companies’ position as part 
of the group, which they joined ten 
years ago. In addition, it stated that 
it intends for the change to under-
line the companies’ “consistent 
focus on advanced technology and 
quality.”

The Böhler companies are part of 
the High Performance Metals Divi-
sion and became part of Voestalpine 
Group after its acquisition of the 

Voestalpine Böhler Edelstahl uses Powder Metallurgy to manufacture a wide 
range of high-speed steel components

Voestalpine’s Böhler 
subsidiaries to be 
rebranded in line 
with group image

Böhler-Uddeholm Group in 2007/08. 
Voestalpine states that the compa-
nies have played an important role in 
the group’s development by focusing 
on highly sophisticated products, 
particularly for the global aerospace, 
oil & gas and automotive industries.

Franz Rotter, Member of the 
Management Board of Voestalpine 
AG and Head of the High Perfor-
mance Metals Division, stated, 
“This uniform visual appearance is 
intended to underscore the stra-
tegic importance that our compa-
nies place on extremely high-tech 
segments, as well as our interna-
tional character— both key Voestal-
pine brand values.”

The companies will now operate 
as Voestalpine Böhler Edelstahl 
GmbH & Co KG, Voestalpine Böhler 
Aerospace GmbH & Co KG (formerly 
Böhler Schmiedetechnik GmbH 
& Co KG), and Voestalpine Böhler 
Bleche GmbH & Co KG.

The Böhler companies employ 
over 3,600 employees and, in the 
business year 2016/17, reportedly 
generated a total revenue of around 
€1 billion. The former Böhler Profil 
GmbH, based in Bruckbach in Lower 
Austria, has also been renamed 
Voestalpine Böhler Profil GmbH.

www.voestalpine.com   

Ipsen USA reports 
multiple furnace 
shipments

Ipsen USA, Cherry Valley, Illinois, 
USA, has reported a strong close 
to its financial year 2017. The 
company stated that it shipped fifteen 
furnaces in its fourth quarter 2017 to 
customers in eight US states, as well 
as in Asia and Europe. This includes 
customers in the Metal Injection 
Moulding and Additive Manufacturing 
industries.

The reported shipments included 
nine TITAN® vacuum furnaces, 
including three TITAN DS (debinding 
and sintering) units, two LT (low 
temperature) units and a number of 
H2 and H6-sized furnaces. 

 www.ipsenusa.com     
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COST-EFFECTIVE GAS SUPPLY

ON-SITE GAS GENERATION SYSTEM
FOR A MORE COST-EFFECTIVE AND RELIABLE SUPPLY

At HyGear, we differentiate ourselves with our 
cutting-edge technology of on-site gas generation and 
recovery of industrial gases. In order to guarantee the 
reliability of supply, we offer back-up with our own fleet 
of trailers and through our global partners.

Our approach is unique because of our strong technology 
backbone and the way we partner with you as our 
customer.

OUR PROMISE

Contact us today to find out how.
Europe: +31 88 9494 308 | sales@hygear.com
Asia: +65 9169 4232 | asia@hygear.com

www.hygear.com

COST SAVINGS RELIABLE SUPPLY INCREASED
SAFETY

CO2 REDUCTION NO SURPRISES GLOBAL 
SUPPORT

HYDROGEN     NITROGEN     OXYGENH2 O2N2

info@fluidtherm.com

High Capacity Sintering Furnaces

36” long soak mesh belt furnace Large tray multi tier pusher furnace

Verder adds to 
testing capabilities
Dutch technology group Verder Group 
has acquired the majority of Qness 
GmbH, Golling, Austria, a manufac-
turer of hardness testing machines 
used in both industrial and research 
applications. With the acquisition, 
Verder stated that it extends the port-
folio of its Scientific Division, adding a 
product line for hardness testing.

Qness’s hardness testing 
machines are said to comply with 
recognised standards such as Brinell, 
Vickers, Knoop and Rockwell. The 
company develops and manufactures 
all products at its Golling headquar-
ters, where it employs forty staff. 
According to Verder Group, the Qness 
portfolio complements the offering of 
fellow Verder Scientific company ATM 
GmbH. The existing Qness manage-
ment team will remain in place.

www.verder.com   

China’s Great Wall establishes 
Austrian R&D centre
Chinese auto manufacturer Great 
Wall Motor Company Limited 
(GWM) has opened a Research and 
Development Company in Austria. 
At an opening ceremony attended 
by more than 120 guests, GWM 
stated that the new R&D centre 
will focus on new energy vehicles 
and automobile parts, new energy 
motors and controllers.

The Austrian company will 
function as a wholly-owned 
subsidiary of GWM and its launch 
follows the opening of similar R&D 
centres in Japan, the USA and India, 
as part of the automaker’s global 
strategy. GWM plans to invest a total 
of €20 million into the company by 
2020 and reportedly aims to become 
“a new force of Chinese branding in 
the area of ‘SMART manufacture’ in 
Europe and even the world.”

The centre is expected to 
employ an international R&D 
team experienced in motors and 
controllers and will draw on Austria’s 
local automotive expertise. “They 
have powerful creativity especially in 
areas like new energy, new material, 
lightweight structure and automobile 
parts, and thus are credited as the 
‘Silicon Valley of the automobile 
industry’,” stated GWM. By launching 
its latest R&D centre in Austria, the 
company hopes to quickly develop its 
strength in these areas.

In the future, GWM reported 
that it will continue to expand 
its overseas operations with a 
growing network of R&D-focused 
subsidiaries, focusing on the 
development of products to meet 
global demands.

www.gwm-global.com   

Fourteenth World 
Conference on Titanium 
issues Call for Papers
The Fourteenth World Conference on Titanium (Ti-2019) 
is set to take place in Nantes, France, June 10-14, 2019. 
The event is held every four years with the purpose of 
bringing together the global titanium community to 
present and discuss progress in titanium science and 
technology. According to its organisers, each conference 
has seen between 600–1,200 delegates in attendance.

Ti-2019 will be supported by the French Titanium 
Association, the French Society for Metallurgy and 
Materials (SF2M) and is endorsed by the Region Pays 
de Loire and Nantes city council. The conference will 
be chaired by Patrick Villechaise, Director Of Research 
at the CNRS (the French National Centre for Scientific 
Research) and member of SF2M and the French Tita-
nium Association. Villechaise previously served as the 
French representative on the organising committee of 
the Ti-2015 in San Diego, California, USA.

Ti-2019 is expected to offer the latest news on tita-
nium and its alloys. With application fields becoming 
wider and representing important technologic, 
economic and societal challenges, the organisers state 
that the industry has “a bright future ahead,” and that 
Ti-2019 offers the ideal opportunity to discuss and 
define the future opportunities available.

The conference organisers are currently inviting 
the submission of abstracts for poster and oral pres-
entations. The deadline for submission of abstracts is 
November 16, 2018.

www.titanium2019.com   

NSL Analytical receives scope 
expansion and renewal of 
ISO/IEC 17025 certification

Independent commercial testing laboratory NSL 
Analytical Services, Inc., Cleveland, Ohio, USA, has 
received scope expansion and renewed ISO/IEC 17025 
accreditation for both its Metallurgical and Analytical 
Laboratories.

Additional specifications and methods have been 
adopted by NSL and received approval from ANAB. “This 
accreditation recognises the testing competence of NSL 
in everything we do,” commented Larry Somrack, NSL 
President. “NSL has been ISO/IEC 17025 accredited 
since 1999. Our commitment to quality and continuous 
improvement has made our accreditation of ISO/IEC 
17025 a cornerstone of trust for our clients.”

www.nslanalytical.com   
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Innovative Designs

Oxidation of PM parts by direct oxidant injection in a low temperature Pusher Furnace Aluminium sintering in a pusher furnace; very high temperature uniformity
atmosphere purity and integrity

Researchers develop 
technology for reduced cost 
production of magnetic 
materials and permanent 
magnets
Researchers from the National University of Science and 
Technology MISiS (NUST MISiS) Engineering Center for 
Industrial Technologies, Moscow, Russia, report that they 
have developed an innovative process for the production 
of magnetic materials and permanent magnets at a 
reduced cost. The technology was initially developed to 
allow the production of affordable and efficient magnetic 
resonance imaging (MRI) devices for medical use, but 
could have applications in many sectors.

Magnetic resonance imaging is one of the most 
effective diagnostic methods in modern medicine. 
However, according to NUST MISiS, the average cost of 
one analysis with the use of MRI is between 4,000 and 
12,000 Rubles ($70 to $210), depending on the part of the 
body being scanned and the clinic at which the procedure 
is carried out. According to the developers’ estimates, the 
cost of an analysis with the new MRI technology will be 
half of what it is now.

Due to its technical nature, an MRI machine can 
have ultra-weak, weak, medium, strong and super-
strong magnetic fields. The highest quality pictures are 
taken using superconducting magnetic systems, which 
generate very strong magnetic fields. However, these 
machines are difficult to make and, more importantly, 
expensive to operate. NUST MISiS found that MRI scans 
were inaccessible to most patients, as clinics and 
hospitals lacked the financial resources to use them very 
often.

Working jointly with industrial partners from the 
Research and Production Association Magneton, 
NUST MISiS scientists state that they have developed 
a prototype of an economically and environmentally-
friendly low field magnetic resonance imaging system, 
based on magnetic materials and components produced 
in Russia.

“We have developed an innovative technology for the 
production of low-cost hard-magnetic materials and 
permanent magnets manufactured from alloys of rare, 
domestic earth metals and their compounds, including 
the ones obtained in the processing of industrial waste 
magnetic production,” explained Evgeny Gorelikov, 

Project Head, Candidate of Political Sciences and Deputy 
Director of NUST MISiS Engineering Center for Industrial 
Technologies.

“During the production of raw materials for permanent 
magnets we have managed to reduce their cost by 1.5 
times through the use of industrial waste magnetic 
production and cheap alloys of rare earth metals. The 
use of new soft magnetic materials has allowed us to 
develop magnetic conductors for a magnetic system of 
the scanner with low loss while maintaining high values 
of magnetisation saturation (more than 2 T).”

“All this allowed us to design and reduce the weight 
of permanent magnets used in the design of magnetic 
systems by almost 30%, and thus to reduce the cost of 
the devices,” he concluded. The cryogenic technology, 
liquid nitrogen, helium fluid and water required to run 
MRIs using superconducting magnets or electromagnets 
are not required to run the new MRI machine, state the 
researchers. The power consumption of the new scanner 
will be less than 1 kW, potentially making it possible to 
power it using renewable energy sources such as solar 
panels and wind turbines.

China is currently the world’s main producer of 
rare earth metals and rare-earth permanent magnets, 
accounting for around 80% of global supply. The use of 
domestically gathered magnetic components to produce 
the new MRI scanner is expected to allow the Russian 

medical industry a production stream independent 
of imports. According to NUST MSiS, the project’s 
implementation will provide a practical opportunity to 
create a competitive industrial production of magnetic 
materials at reduced costs.

en.misis.ru/   

“We have developed an innovative technology for the 
production of low-cost hard-magnetic materials and 
permanent magnets manufactured from alloys of rare, 
domestic earth metals and their compounds,” Evgeny 
Gorelikov, Project Head, Candidate of Political Sciences 
and Deputy Director of NUST MISiS Engineering Center 
for Industrial Technologies. (Courtesy NUST)

Submitting news..
To submit news to PM Review please contact Paul 
Whittaker: paul@inovar-communications.com

Sunrock Ceramics specializes in high 
alumina industrial ceramics for the 
most severe sintering applications 
in the powder metallurgy and 
technical ceramics markets.

Broad product offering for the unique 

demands of the PM and MIM industries

• Pusher plates for rapid cycle hydrogen 
atmosphere pusher furnaces

• Setter tiles and other sintering trays

• Thin profiles

• Specialty contoured surfaces

• Wide assortment of press tooling

• Casting available for more complex 
shapes

Serving worldwide PM markets with fast 

turnaround

• Products presently in service in Europe, 
Asia & U.S.

• Fast leadtimes reduce in-house stocking 
levels 

Contact us today to learn more.
USA: 01 708 344 7600

dthurman@sunrockceramics.com
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www.bluepower-casting.com

Atomisation Units · Vacuum Pressure Casting Machines · Melting Units · Granulation and Continuous Casting Systems
75045 Walzbachtal · Germany · Phone +49 7203 9218-0 · E-mail: info@bluepower-casting.com

For EASy And rEliAblE ProdUCtion oF MEtAl PoWdErS 

the blue Power Air Classifier AC 1000 for the sepa–
ration of metal powders into fine and coarse 
powder fractions especially also in the range < 25 µm, 
where conventional sieving operations fail.

the blue Power AU series atomisation plants for 
efficient metal powder production, even in small 
batches. For particle sizes from 10-200 µm and 
for a wide spectrum of alloys. 

Au, Ag, Cu, Sn,   
  Ni, Fe, Co, Pd...

Dreamteam

blUE PoWEr Atomisation Plants 
and blUE PoWEr Air Classifier 

low cleaning efforts with little metal loss and cross contamination. High process stability. 
 Easy and reliable handling.

New compact design!
Now available as AC 1000 G – processing 

under inert gas atmosphere

According to Plansee, laboratory 
tests carried out at the Vienna 
University of Technology in the 
course of developing new PVD coat-
ings for wear-protection applications 
have proven that the use of molyb-
denum alloys significantly reduces 
wear during machining.

The service life of tools and coat-
ings used in a wide variety of cutting 
processes is determined by wear 
such as adhesion and abrasion. 
Increasing the hardness is generally 
an effective approach to minimising 
abrasive wear, but Plansee states 
that this solution only works for a 
specific range of applications and 
has no effect on those wear mecha-
nisms that are related to adhesion.

In order to improve tool wear 
resistance and lifespan, Plansee, 
Oerlikon Surface Solutions AG and 
the University of Technology Vienna 

Research highlights benefit of 
molybdenum on Ti-Al-N coated tool 
wear resistance

(TU Wien)’s Institute of Materials 
Science and Technology, have 
conducted a research programme 
into the effect of molybdenum on the 
wear behaviour of arc-evaporated 
Ti-Al-N coatings. The research 
was conducted at one of TU Wien’s 
Christian Doppler laboratories.

According to Plansee, the 
findings clearly showed that in situ 
formation of solid, self-lubricating 
phases such as MoO3 led to a 
significant reduction in adhesive 
and abrasive wear. The use of 
targets produced using powder 
metallurgical methods (Plansee 
Composite Materials GmbH) allowed 
the deposition of single-phase, 
face-centred cubic coatings with a 
Mo content of up to 12 at.%. This 
high alloy content also had a very 
positive impact during wear tests up 
to 700°C.

Laboratory tests carried out at the 
Vienna University of Technology to 
develop new PVD coatings for wear 
protection applications prove that 
Mo-alloys significantly reduce wear 
during machining (Courtesy Plansee)

Stefan A Glatz, Vincent Moraes, 
Christian M Koller and Helmut Riedl 
have released details of the research 
findings in a paper titled ‘Effect of 
Mo on the thermal stability, oxida-
tion resistance, and tribomechanical 
properties of arc evaporated Ti-Al-N 
coatings’, published in the American 
Vacuum Society’s Journal of Vacuum 
Science and Technology.

www.plansee.com
www.oerlikon.com
wwwt.tuwien.ac.at   

TWI, Airbus Defence and Space, 
Nammo Westcott Ltd, ESR Technology 
and the University of Birmingham are 
partnering on a new project to inves-
tigate the use of Powder Metallurgy in 
astrospace applications. The project, 
‘Powder Metallurgy Based Materials 
for High Wear Resistance, High Hard-
ness and High Temperature,’ has a 
budget of €600,000 and is scheduled 
to run for twenty-four months.

According to the partners, it seeks 
to develop systems to provide more 
efficient equipment for use by the 
next generation of spacecraft during 
launch and through longer in-orbit 
missions. Some of the proposed 
improvements would be in areas such 
as higher ISP Liquid Apogee Engines 
and thrusters, as well as in mecha-
nisms for deploying, controlling and 
rotating payloads or mission equip-
ment.

New project investigates Powder 
Metallurgy for astrospace applications

Under the partnership, Airbus 
Defence and Space and Nammo 
Westcott will identify applications and 
components that could be enhanced 
through the use of PM-based mate-
rials and ESR Technology will provide 
knowledge on materials suitable for 
high wear resistance, high hardness 
and high temperature. ESR operates 
the European Space Tribology Labora-
tory, under contract to the European 
Space Agency since 1972.

These partners will also provide 
information on current materials, 
conventional fabrication components 
and any operating limitations so that 
the potential for using a PM-based 
approach can be assessed. TWI and 
the University of Birmingham will then 
work with the partners to develop and 
test suitable PM-based materials for 
high wear resistance, high hardness 
and high-temperature use.

The potential advantages of PM for 
astrospace include the technology’s 
capability for producing complex 
shapes without extensive machining 
and with a reduction in material 
wastage. This also makes it possible 
to avoid small imperfections from the 
machining process, which can lead to 
part failure. The fine grain micro-
structure of PM-produced parts also 
has the potential to enhance material 
strength when compared to conven-
tional processes.

The partners stated that PM 
should also provide cost-saving solu-
tions with a shorter lead time as well 
as offering the opportunity to produce 
functionally graded materials with 
a variety of properties, such as a 
softer core surrounded by a harder 
functional surface. Applications could 
include mechanisms, ultra-stable 
structures, mirrors, gears and bear-
ings, telescopes, detectors, optical 
elements, nozzles and valves, as well 
as damping structures. 

www.twi-global.com    
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0.5-20 micron-sized metal powder
homogeneous particle size
high activity
excellent compaction property

Founded in 2000,SAGWELL 
focuses on the research and 
production of superfine metal 
materials including micron 
superfine pure iron powder,
micron superfine pre-alloyed micron superfine pre-alloyed 
powder and micron copper 
powder etc. SAGWELL can 
also offer customized solutions.

E-mail: export@sagwell.com

Add: 2325 Pv Drive West# 201, 
Palos Verdes Estates,CA 90274. 

Website: www.sagwellusa.com

GF Machining Solutions

GF Machining Solutions, System 3R International AB, Sorterargatan 1, SE-162 50 VÄLLINGBY, tel +46 (0)8 620 20 00, e-mail: info.system3r@georgfischer.com, www.system3r.com

Simple, quick & precise!
+ Simple, quick set-up 
+ High accuracy
+ Low scrap rate
+ Maximal machine utilization 
+ Increased productivity

Punches and dies directly from the Tool shop ... ... into the Press

System 3R 
Tooling for Powder Compacting Technologies

Tesla Model 3 sees automaker’s first use 
of permanent magnet electric motors
Tesla’s Model 3 electric vehicle will be 
the company’s first car to incorporate 
a permanent magnet electric motor, 
reports Reuters. The automaker has 
previously relied on AC induction 
motors, such as those used in its 
Model S and Model X.

Neodymium permanent magnets 
are widely used in electric and hybrid 
automotives and are said to be 
lighter, stronger and more efficient 
than induction motors in general. 
The research group imarc estimates 
that the market for neodymium-iron-
boron magnet used in Tesla’s motors 
is now worth more than $11.3 billion, 
with demand rising at a compound 
annual growth rate of 8.5% between 
2010 and 2017.

Speaking to Charged Electric Vehi-
cles Magazine during a panel at the 
Coil Winding, Insulation & Electrical 
Manufacturing Exhibition (CWIEME) in 

Chicago, USA, in late 2017, Konstan-
tinos Laskaris, Tesla’s Chief Motor 
Designer, stated, “It’s well known 
that permanent magnet machines 
have the benefit of pre-excitation 
from the magnets and therefore you 
have some efficiency benefit for that. 
Induction machines have perfect 
flux regulation and therefore you can 
optimise your efficiency. Both make 
sense for variable-speed drive single-
gear transmission as the drive units 
of the cars.”

“So, as you know, our Model 3 has 
a permanent magnet machine now. 
This is because, for the specification 
of the performance and efficiency, the 
permanent magnet machine better 
solved our cost minimisation function 
and it was optimal for the range and 
performance target. Quantitatively, 
the difference is what drives the 
future of the machine and it’s a trade-

off between motor cost, range and 
battery cost that is determining which 
technology will be used in the future.”

According to Tesla, the Model 3 is 
“a smaller, simpler and more afford-
able electric car” than the company’s 
previous models and has been 
designed and built as the world’s first 
“mass-market electric vehicle.” It is 
expected to begin shipping in Europe 
in late 2018.

www.tesla.com   

According to Tesla, the Model 3 is “a 
smaller, simpler and more afford-
able electric car” than the company’s 
previous models (Courtesy Tesla)

Industry NewsIndustry News

Carpenter Technology Corporation, 
USA, has announced it will invest 
$100 million in soft magnetics capa-
bilities and a new, precision strip hot 
rolling mill in its Reading, Pennsyl-
vania, facility to help meet increasing 
demand for aerospace, consumer 
electronics and electric vehicle 
manufacturing customers.

“Carpenter’s industry leading 
capabilities in the field of soft 
magnetic technology for the Aero-
space and Defense end-use market 
has created a strong platform for 
growth over the next several years. 
In addition, the value proposition of 
our CarTech Hiperco® family of soft 
magnetic alloys provides customers 
enhanced electronic properties 
and significant design flexibility to 
improve performance,” stated Tony 

Carpenter Technology to invest $100 
million in soft magnetic capabilities and 
new equipment

Thene, Carpenter Technology Presi-
dent and CEO. “This proven capa-
bility and product performance also 
allows us to differentiate ourselves 
in key consumer electronics 
applications as well as the rapidly 
evolving electric vehicle space.”

“Given these significant market 
opportunities and the benefits asso-
ciated with the recently enacted Tax 
Cuts and Jobs Act, we have decided 
to accelerate further investment 
into our business. With more than 
90% of our products manufactured 
in the US, this type of capital invest-
ment will strengthen our foundation 
for long-term sustainable growth, 
provide good-paying jobs and 
increase value for shareholders for 
years to come. Today’s announce-
ment demonstrates the benefits 

of an effective partnership between 
public policy and US business.”

Carpenter estimates the recent 
legislation will reduce cash taxes 
by approximately $90-$100 million 
over the next five years and will use 
the savings to increase its base level 
of capital investment in US manu-
facturing operations over the same 
timeframe. 

The new mill will increase overall 
capacity and offer greater flexibility in 
processing alloys for highly special-
ised soft magnetics applications in 
the aerospace, consumer electronics 
and electric vehicle markets. Soft 
magnetics are materials that can be 
easily magnetised and de-magnet-
ised and are indispensable in modern 
electrical engineering and electronics 
applications. Sophisticated equip-
ment, special processes, and highly 
controlled atmospheric conditions 
are required to produce soft magnetic 
alloys to meet extremely stringent 
specifications.

www.cartech.com.   
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Industry News

Registration is now open for the European Powder Metal-
lurgy Association (EPMA)’s PM Summer School 2018, 
set to take place in Vienna, Austria, July 2-6, 2018. The 
popular course is open to young scientists, designers and 
engineers looking to gain a broader knowledge and under-
standing of the PM process.

The five-day residential course consists of a range of 
lectures given by PM experts drawn from both industry 
and academia. Topics to be covered will include the 
manufacture of metal powders, powder compaction, MIM, 
modelling, sintering, HIP and Additive Manufacturing. 
Participants will be able to discuss and solve problems as 
well as get hands-on experience of various PM processes.

The Summer School is designed for young graduate 
designers, engineers and scientists from disciplines such 
as materials science, design, engineering, manufacturing 
or metallurgy. Graduates under 35 and who have obtained 
their degree from a European institution are eligible to 
apply.

www.epma.com/pm-summer-schools   

Registration opens for 
EPMA’s Powder Metallurgy 
Summer School

MPIF releases latest 
educational Powder 
Metallurgy video
The Metal Powder Industries Federation (MPIF)’s Industry 
Development Board has released the latest video in its 
four-part educational series on Powder Metallurgy.

The new video on Conventional Press-and-Sinter 
Powder Metallurgy is hosted by John Engquist FAPMI, 
previously president of the Center for Powder Metallurgy 
Technology (CPMT), and covers an overview of conven-
tional PM including a discussion on aspect ratio, a process 
overview and a look at several PM Design Excellence 
Awards components.

The first video in the series, Introducing Powder Metal-
lurgy and the PM Industry, was launched in 2017. The 
final two videos in the series will tackle Metal Injection 
Moulding (MIM) and metal Additive Manufacturing (AM) 
and are expected to be released later in 2018.

The four-part series is based on the popular PickPM 
Day Seminar that has been presented to the end-user 
community over the last several years during the annual 
POWDERMET conference.

www.mpif.org   
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Industry News

APMI International has named 
Stephen Mashl and Alberto Molinari 
as the recipients of its Fellow Award 
2018. Established in 1998, the 
award recognises APMI members 
for significant contributions to the 
goals, purpose and mission of the 
organisation, as well as for a high 
level of expertise in the technology, 
practice or business of the industry. 

Mashl, based at Michigan 
Technological University, USA, is 
a research professor of materials 
science and engineering and has 
worked in the PM industry for 
thirty years, working primarily in 
particulate materials, product and 
processes development. According to 
APMI, much of his career has been 
spent in industry, during which time 
he has reportedly developed process 
simulation models, worked to identify 
particle formation mechanisms and 
developed an integrated HIP plus 

APMI International names 2018 fellows 
solution heat treat process for the 
treatment of aluminium castings.

He is listed as co-inventor on 
several patents, with research 
appearing in more than fifty papers 
and publications, and has also served 
as technical reviewer for multiple 
journals. As an APMI member, 
Mashl has served as president of 
the Advanced Particulate Materials 
Association and as a director of the 
Isostatic Pressing Association. He 
formerly served as a member of the 
MPIF’s Board of Governors and as a 
Fellow of ASM International.

Molinari is a professor of 
metallurgy the University of Trento, 
Italy, and according to the APMI is 
“one of the most active PM technology 
professors in the world.” Over thirty-
five years of research, fifteen of which 
as an APMI International member, 
Molinari has published 500 papers in 
international and national journals, 

as well as in conference proceedings, 
mostly on PM subjects.

He is reported to have contributed 
to the development of some low-alloy 
powders as well as the optimisation 
of several industrial processes. He 
has carried out extensive scientific 
work on three main subjects: high-
energy milling and sintering of 
powders to produce nanostructured 
materials, deformation and fracture 
behaviour of porous materials 
and wear mechanisms of porous 
materials. 

www.apmiinternational.org   
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Tough-Coated Hard Powders
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Custom designed for high-
performance machine tools, 

wear-resistant surface coatings, 
and high-value additive 

manufacturing applications. 
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EternAloy® TCHP…..Extreme New Levels of Wear-Resistance Performance

(Particle intentionally fractured 
to reveal structure) 

FOR MORE INFORMATION: 
(724) 864-4787

sales@allomet.com 
www.allomet.com 

A new class of nanotechnology-based 
 powdered metals with extreme combinations 

  of  hardness, toughness, and wear resistance. 

Stephen Mashl (left) and Alberto 
Molinari (right) are recipients of the 
APMI International Fellow Award
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Miba AG is a global technology group 
and one of the leading strategic 
partners of the engine and automo-
tive industries. The group’s product 
areas include sintered components, 
engine bearings, friction materials, 
power electronics components and 
coatings, used around the world in 
motor vehicles, trains, ships, aircraft 
and power plants. 

Miba’s origins date back to the end 
of the 1920s when Franz Mitterbauer 
took over a metalworking shop in 
Laakirchen, Upper Austria, where he 
had previously served his apprentice-
ship. From that point on, Miba’s story 
mirrored that of the history of Central 
Europe and Austria, influenced by 
political decisions, economics and 
society. Global economic crisis, 
unemployment, the Third Reich and 
war economy, ten years of American 
occupation, the strongly national-
ised business environment, trade 
restrictions, integration into the 
European market and Austria joining 
the European Union are just some of 

the disruptions that forced Miba to 
continuously adapt to the times and 
circumstances.

 
Technological milestones
In 1949, Mitterbauer’s company 
succeeded in developing competi-
tive lead bronze engine bearings, a 
major technological advance which is 
seen as a milestone in the history of 
Austrian industry. Industrial produc-

tion of this bearing began, and in 
1955 the company was renamed 
Miba, an acronym of the Mitterbauer 
family name. The business continued 
to do well and by the end of the 1950s 
Mitterbauer was looking for further 
growth and expansion into other 
products. In 1963 he was introduced 
to Powder Metallurgy and imme-
diately recognised the potential of 
the sintering process. The company 

Miba Sinter Group

Miba AG is one of Austria’s leading industrial and technology companies. 
Formed in Laakirchen, Upper Austria, in 1927, the group develops and 
manufactures its products at twenty-two sites in eleven countries. Miba 
specialises in engine bearings, friction materials, sintered components 
and coatings, with its products found in passenger vehicles, trucks, 
construction machinery, trains, ships, aircraft and power plants. Dr Raquel 
de Oro Calderon recently visited Miba Sinter Group, the company’s Powder 
Metallurgy division, at its Vorchdorf facility. 

Miba Sinter Group: How 
a global PM producer is 
adapting to a changing 
automotive industry 

Fig. 1 Miba’s sinter production facility in Vorchdorf, Upper Austria

Lecturer companies amongst others

International VDI Congress

Dritev – Drivetrain for Vehicles

Main topics:

Accompanying congresses  
International VDI Congress 
EDrive
5. International VDI Congress
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Fig. 3 Miba’s PM components are used in numerous engine applicationsFig. 2 Miba manufactures a wide selection of PM components for 
automotive applications

invested in a new manufacturing 
plant and began production of 
Powder Metallurgy components, 
alongside engine bearings, at the 
Laakirchen factory in 1964. 

The sintering business
During the early years the sintering 
business did not target any specific 
industries. The portfolio consisted 
of small parts for a wide array of 

applications such as components for 
office equipment, window shutters 
and diesel injection pumps for Fried-
mann & Maier (part of today’s Bosch 
Group). 

It was following the introduc-
tion of sintered tyre spike sockets 
that the sintering business took 
off. Miba soon became the leading 
producer and its shared production 

plant in Laakirchen began running 
out of space. In 1972 the sintering 
business opened its first dedicated 
production facility in Vorchdorf, Upper 
Austria (Fig. 1). At its peak, Miba 
was producing around 300 million 
sintered tyre spikes a year. However, 
in 1974 Germany introduced a ban on 
the use of tyre spikes on its roads. 
Soon after, Austria also limited the 
use of tyre spikes and critical US 

markets soon followed. The tyre 
spike business began to collapse and 
the sinter division came under pres-
sure to identify new products. 

In 1975 the sintering business 
intensified its efforts to gain clients 
in the automotive industry. One of 
the first successes occurred with the 
production of sinter-forged parts, 
which allowed Miba to offer a lower 

degree of porosity than conventional 
sintered parts, differing only slightly 
from forged or cast components in 
terms of density. The first sinter-
forged parts were synchroniser rings 
for trucks and components for tools, 
such as drills and boring machines. 

In 1982 the sintering division again 
reached sustained profitability. The 
key sales drivers of the 1980s were 
sintered and sinter-forged compo-
nents for engines, and it was around 
this time that Miba moved ahead with 
the development of synchroniser 
hubs. The bi-metal cam follower 
was the next important milestone. 
This part was used for controlling 
the valves by the camshaft, and 
presented an innovative design: two 
different materials pressed together, 
making it possible to fulfill some very 
specific tribological specifications. 

The engineers at Miba made 
great efforts to identify components 
in engines and drives that could be 
produced by sintering with the same 
or better material characteristics, but 
at much lower production costs when 
compared to other manufacturing 
techniques. At the beginning of the 
1990s, the fully assembled synchron-
iser modules marked the company’s 
entry into a tremendously demanding 
market segment. Serial production 
started in 1993 and at that point Miba 
Sintermetall moved from being solely 
a parts supplier to become a “devel-
opment partner”. Within only a few 
years, the company established itself 
as one of the leading manufacturers 
of engine and transmission parts and 
components in Europe. 

The next innovation, which opened 
an entire market segment for Miba, 
was the Densgrad® process, in which 
rolling is used to selectively densify 
the surface of sintered gears. With 
this process, gears can be used in 
high-performance gear drives, for 
which conventional sintered compo-
nents are unsuited. The first serial 
applications were gears for camshaft 
propulsion in 2002, and today Miba 
is said to be the only serial manu-
facturer in Europe proficient in this 
surface densification process. 

Global expansion
Miba Sintermetall AG began its 
transformation into a truly global 
business in 1990, forming a joint 
venture with ZVL, a Slovakian-
based sintered and engine bearings 
producer. The move saw the creation 
of Miba ZVL Ges.m.b.H., with a new 
sintering plant built in Dolný Kubín. 
Following further investments, the 
new company became 100% Miba 
owned in 1994 and was renamed 
Miba Sinter Slovakia s.r.o. 

In 1994 Miba also purchased 
Nuova Merisinter S.r.l., a producer of 
sintered components for the auto-
motive industry in Italy. Following a 
management buyout, the Italian busi-
ness was sold after twelve years. 

In 1998, the company acquired a 
30% share in a Brazilian subsidiary 
of Germany’s Mahle Group, creating 
Mahle Metal Leve Miba Sinterizados. 
At the time, Fiat, General Motors and 
Volkswagen all had major automo-
tive production sites in Brazil. Of 
decisive importance here was Fiat’s 
and Volkswagen’s desire to have Miba 
technology, such as bearing caps, 

“At its peak, Miba was producing 
around 300 million sintered tyre 

spikes a year.”

belt pulleys and synchroniser hubs, 
close to their manufacturing sites. 

Miba took over Sintermetal S.A., 
located in Ripollet, Catalonia, Spain, 
from the Mannesmann Group in 
1999. The move was intended to open 
up the market segment for shock 
absorbers, however due to a number 
of economic reasons the business 
was sold in 2007. 

With the opening of a new plant 
in Suzhou, China, in 2007, Miba 
Sinter Group began a period of 
further international expansion that 
was followed by the opening of a 
production plant in McConnelsville, 
Ohio, USA, in 2010. In 2011 the Miba 
Group invested in Sintercom, India, a 
producer of sintered components for 
the Indian automotive industry. 

More recently, the total acqui-
sition of Mahle Metal Leve Miba 
Sinterizados in Indaiatuba, Brazil, 
was announced in 2017. This year 
also saw the opening of the Miba 
Forum in Laakirchen, creating a 
customer, technology and learning 
centre combining offices, conference, 
meeting and training rooms.   

Today, Miba Sinter Group has 
around 3,140 employees worldwide, 
with some 39% in Slovakia, 27% in 
Austria, 11% in Brazil, 13% in China 
and 10% in USA. The philosophy of 
the company is ‘global approach, 
local presence’ and the five produc-
tion sites, together with the sales 
and R&D network covering three 
continents, allows Miba Sinter Group 
to respond quickly and flexibly to 
customers’ needs.

A large portfolio of sintered 
components

The Miba Sinter Group manufactures 
a wide range of components and, 
like many in the Powder Metallurgy 
industry, much of these are used 
in automotive applications (Fig. 2). 
The group has four differentiated 
business lines consisting of Engine, 
Transmissions & Pumps, Electrifica-
tion and Compressor Components. 
By sales volume, in 2016/2017 these 
represented 74%, 20% and 4% and 
2% respectively.
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Engine
The main products in the Engine 
business line are gears, chain 
sprockets, belt pulleys, main bearing 
caps and components for variable 
camshaft phasers (VVT rotors and 
stators), as well as oil and water 

tion testing. Functional testing and 
strength testing of synchronisation 
modules and components are also 
possible. Miba Power Synchronisers 
(MPS) are suitable for high perfor-
mance applications, where they 
are said to be distinguished by the 
improvement in shift comfort.

Electrification
In the Electrification line are compo-
nents for automotive auxiliary 
applications such as helical pulleys 
for electric power steering (EPS) 
systems and high precision compo-
nents for actuators (Fig. 5). This 
line also includes Powder Metal-
lurgy solutions for electric drives 
such as soft magnetic composite 
(SMC) components and assemblies 
for applications in electric drives, 
and powder metal components for 
sensors.

Compressor components
In the area of Compressor Compo-
nents, Miba takes advantage of the 
cost efficient netshape PM manufac-
turing process to compete with tradi-
tional manufacturing suppliers. The 
components produced achieve very 
tight tolerances (4 µm diameter) and 
secondary operations such as plasma 
nitriding and steam treatments are 
available in house.

Production process

All production plants within the Miba 
Sinter Group (Austria, Slovakia, US, 
China, India and Brazil) are tech-
nologically very similar, in order to 
unify capabilities and ensure the 
applications of high quality stand-
ards at every location in the same 
way (Fig. 6). The correct combina-
tion of the appropriate materials 
and processes is used as a key for 
accessing a wide number of applica-
tions, while maintaining competitive 
costs (Fig. 7).

Pre-mixed solutions adapted to 
Miba’s specific requirements are the 
most common raw materials used. 
CNC multi-platen technologies and 
highly complex pressing tools allow 
the production of components which 

1300

1000

700

400

100

2400
Carburised 
Forged Steels

100 200 300 400 500 600 700

Tensile strength [MPa]

Alternate bending fatigue [MPa]

16 MnCr 5 E (Surface) – 61 HRC

16 MnCr 5 E (Core) – 44 HRC

30 CrMoV9V

50 CrV4V

41 Cr4V

St 70, Ck 45V

St 37

Miba
High-Performance

Processes

Fig 7

Fig. 7 Tensile strength vs alternate bending fatigue achieved by combining 
different processes on certain Miba products

Fig. 4 PM components for transmissions and pumps

Fig. 5 Miba’s PM components for electrification applications

pumps (Fig. 3). Through the use of 
the PM technology, Miba Sinter group 
intends to contribute in the develop-
ment of engines that are more effi-
cient, safer and more environmen-
tally friendly. A remarkable aspect 
is the fact that Miba possesses its 

own engine test rigs for functional 
testing and validation, which allow 
testing new parts not only at the 
component level but at the system 
level (i.e. mounted in the engine). 
Joint development projects with its 
customers are devoted to areas such 
as downsizing and NVH (Noise, Vibra-
tion and Harshness).

Transmissions & Pumps
The portfolio for the Transmissions 
& Pumps business line contains 
high-performance PM components 
for manual/double clutch and 
automatic transmissions as well as 
for all-wheel-drive transfer cases, 
and also high-precision components 
for variable oil pumps (VOP) (Fig. 4). 
The main products are synchroniser 
hubs, synchroniser rings, friction 
rings, dog rings, fully assembled 
synchroniser modules and various 
components for all wheel-drive 
applications. Highly complex sintered 
components are produced to high 
precision and quality specifications. 
The group has in-house competence 
for synchroniser design, selection 
of friction materials and valida-

Fig. 6 Automated and efficient processes across the Miba group are key for 
high quality components

Miba Sinter GroupMiba Sinter Group
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in the surface layer of the rolled 
profile improves tooth bend fatigue 
strength, surface contact fatigue 
strength and pitting wear resist-
ance, while also improving the 
response of PM parts to carburising 
treatments. Silent and high-
strength gears and chain sprockets 
are some of the applications for 
which this process is used.

Continuous research and 
development

The research and development 
at Miba Sinter Group is divided 
into two main groups: Materials 
& Processes and Applications 
Development. In total, over 130 
employees are involved in the 
development of a product, from the 
concept through to a production 
ready stage. The important 

contribution of the R&D group 
to the success of the company is 
well proven, with 119 active patent 
families at Miba. Twelve new patents 
were launched last year, continuing 
a trend which sees around ten new 
patents a year on average.

“The R&D team focuses on 
keeping close collaboration with 
its customers and this gives the 
possibility to develop tailor-made 
parts that respond precisely to the 
customer needs,” Alexander Müller, 
Head of R&D at Miba Sinter Group, 
stated. “The philosophy of driving 
innovations that are close to the 
customer is well supported by the 
facilities available at the R&D centre 
in Vorchdorf.” Engineers can work 
with different tools for component 
design and process simulation, 
and can also validate the final 
performance at both ‘component 
level’ (torsion, pulsating, alternative 

bending fatigue and static failure 
load testing) and ‘system level’ 
(synchronisation testing, engine/
cylinder head testing, gear/NVH 
test rig and shift comfort test rig).” 

“We are not only interested in 
the mechanical properties of the 
PM parts, but we are interested 
in understanding how the whole 
system behaves with the Miba 
components,” added Müller. 

Through its R&D, Miba makes 
full use of the many advantages 
that PM technology has to offer. 
The company has developed many 
products over the years, meeting 
the economic requirements of 
customers and out-performing 
competing technologies. The 
following pages include just a few 
examples of how R&D at Miba 
has resulted in the production 
of market leading, innovative 
components.

Fig. 9 Components of the Miba Power Synchroniser (Courtesy Miba)

Fig. 10 Speed, shift force and the sleeve position over the shift time for a MPS and a Borg Warner system for the 
same utilisation environment

can meet high demands in perfor-
mance and tolerances, as well as 
those with complex geometries such 
as the helical teeth for electrical 
steering systems. With processes 
such as Denscomp®, green compacts 
with densities above 7.2 g/cm3 are 
produced in a single step. Green 
machining (in which the compact is 
machined directly after compaction) 
is a very economical process which 
significantly reduces the tool wear, 
and is used at Miba for a number of 
applications.

Sintering
Conventional temperatures for 
sintering range between 1100-
1280°C. The use of protective gas 
atmospheres and the very high 
demands on the purity and homoge-
neity of the gas flow in the furnace 
makes Miba Sinter Group one of the 
very few successful companies in 
sintering Cr-containing materials (a 
very complicated process due to high 
oxidation sensitivity). 

Sinter-hardening technologies, 
consisting of rapidly cooling the 

components in the furnace using 
a gas media, are used for high-
performance applications, as they 
provide hardened microstructures 
with improved strength in a clean 
and ecological process. 

Modern continuous belt furnaces 
with electric heating are used, in 
which all the chamber stages are 
lined up in series - separated by 
gate system - and green compo-
nents are fed onto the mesh belt. In 
many cases the process is almost 
fully automated, and the compacts 
are passed from the press to the 
sintering furnace using a belt system 
which transports the compacts 
below the floor of the factory.

Finishing operations
Some sintered components undergo 
finishing operations such as sizing, 
machining, grinding, deburring, 
burnishing etc. to achieve the preci-
sion requirements of the specific 
application. In addition to the 
in-house facilities for such finishing 
processes, Miba Sinter Group is 
active in developing new processes 

that offer outstanding characteristics 
to the PM products. The company’s 
Denscal® (density calibration) 
process provides parts with densi-
ties of 7.4–7.5 g/cm3 that are used for 
highly loaded applications such as 
the PM dog rings (for which densities 
above 7.4 g/cm3 are obtained). 

Miba Sinter Group also pioneered 
the development of surface densifi-
cation techniques. In the Densgrad® 
process, a PM part with a controlled 
amount of excess material on the 
profile is rolled against a counter-
part (Fig. 8). Densgrad allows 
the production of high strength 
sintered gears which can replace 
case-hardened steel gears in many 
applications. A surface-densified 
gear presents a density similar to a 
steel gear in the interlocking region 
around the surface, while the inside 
of the gear and the rest of the wheel 
centre are more porous. 

Thus, Densgrad gears are said 
to be much better at absorbing the 
noise generated by the meshing 
teeth than gears made of full-
density steel. Local densification 

Fig. 8 Surface densification process applied on gears
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Combining innovative 
design with PM capability

Miba Power Synchroniser: 
Improvement based on smarter 
design
Miba’s redesign of the conventional 
Borg-Warner synchroniser system 
led to the development of the 
Miba Power Synchroniser (MPS), 
a synchroniser module consisting 

of eight components (Fig. 9). The 
MPS system is designed specifi-
cally to take advantage of PM tech-
nology, as other techniques could 
not provide the specific geometries 
required with the same cost-effec-
tiveness that PM offers.

The key part of the MPS is the 
servo element. In contrast to a 
Borg Warner system, the inner ring 
of the synchro set is not connected 

to the synchroniser ring, instead 
the claws are engaged to the servo 
elements. Therefore the servo 
elements are moved sideways 
until they get in contact with the 
synchroniser hub. The contact 
zone of the synchroniser hub 
contains a ramp, which effects a 
reinforcing of the shift force during 
the synchro phase. This leads to a 
reduction of the synchro time for 
the same applied shift force.

Fig. 10 shows curves for the 
speed, shift force and the sleeve 
position over the shift time for a 
MPS and a Borg Warner system. 
According to the speed both 
synchronisation phases start at 0.1 
seconds, with the MPS continuing 
with about 0.66 s time advantage. 
The MPS significantly decreases 
the synchro time for nearly the 
same shift force. What is even 
more interesting is that the same 
synchro time can be reached with 
a lower shift force, which increases 
drive comfort due to the smoother 
shifting. This is a direct effect of 
the inner reinforcing mechanism. 

The MPS is 100% designed, 
simulated, developed and vali-
dated (both at the component 
and at the system level) at Miba 
facilities. The components from 
the MPS systems can be manufac-
tured very efficiently using the PM 
process. Particularly in the case 
of the synchronising hub (which 
incorporates a ramp in the contact 
zone), the PM process offers great 
advantages due to the tolerances 
achieved and the net-shape capa-
bilities of the process.

Powder Metallurgy in 
modern fuel-efficient 
engines

In the particular case of the rapidly 
growing market of three-cylinder 
engines, PM can make important 
contributions to its success. The 
following three examples show 
how Miba products can provide 
interesting advantages in terms of 
comfort, cost-efficiency and ease 
of assembly.

Improved noise behaviour through 
PM gears
Driving comfort can be increased 
by using PM gears. In addition to 
the damping properties of sintered 
materials, special gear geometries 
and gear concepts have an influence 
here. In particular splitgear drives 
are an interesting way to positively 
influence the noise reduction. A split-
gear consists of two almost identical 
cover gears, which are clamped by 
a spring against each other, so that 
they are pushed apart like the blades 
of a pair of scissors. This creates a 
toothed wheel with variable tooth 
thickness, which can dynamically 
compensate for a variable backlash.

 Splitgears contain an idler gear, 
an inserted spring element, and a 
fixed gear that is connected to the 
shaft (Fig. 11). Both the fixed gear 
and the idler gear can be produced 
very economically via the PM route. 
The main process steps are pressing 
- sintering - densification – case 
hardening and, in some cases, 
additional machining. The starting 
material used is usually an iron 

powder pre-alloyed with chromium or 
molybdenum. 

Sintering is carried out at conven-
tional sintering temperatures (1100-
1280°C) in a protective gas atmos-
phere, which promotes the formation 
of metallic contacts between powder 
particles and thus a good loading 
capacity of the gears. Sintering of 
chromium-containing materials 
requires very high demands on the 
purity of the sintering atmosphere 
due to the high oxidation sensitivity of 
this alloying element. After pressing 
and sintering, the sintered density 
is typically between 6.7-7.2 g/cm3. 
For gears that are subject to high 
mechanical loads, the density must 
be increased to 7.4-7.8 g/cm³ in an 
additional work step. 

The increase in density has a 
positive effect on both the tooth 
root bearing capacity and the edge 
bearing capacity. For this purpose, 
either the density can be increased 
over the entire cross section (Denscal 

process) or selectively in the outer-
most region of the tooth (Dengrad 

process) (Fig. 12).

Fig. 13 A test bench allows the testing of PM components within systems 

Fig. 12 Gearing after surface densification - Miba Densgrad process

Fig. 11 Splitgears contain an idler gear, an inserted spring element and a fixed gear that is connected to the shaft

Density ~ 7.0 g/cm3

Density > 7.6 g/cm3

Miba Sinter GroupMiba Sinter Group
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After surface densification, the 
gears are hardened with a heat 
treatment: low-pressure carburisa-
tion with subsequent gas quenching 
or conventional gas carburisation 
with subsequent oil quenching are 
possible. The resulting microstruc-
ture presents hard layers on the 
surface combined with softer core 
areas. This ensures the high load 

capacity of the gears. In some 
cases, the flanks are ground or 
honed after heat treatment, but 
some gears are also used directly 
after heat treatment in the form 
of net-shape gears. The effective-
ness of splitgears can be directly 
tested at ‘system level’ on an 
engine test bench at Miba facilities 
(Fig. 13). 

In order to meet the increasing 
requirements in terms of acous-
tics, the use of splitgears made of 
sintered steel is becoming more 
common. Nowadays, splitgears 
are mostly used in mass balancing 
systems and camshaft drives. Huge 
potential is seen for future high-
speed applications for hybrid power-
trains, where gear noise will be 
even more prominent. The metallic 
components of the splitgear can 
be produced very economically by 
the PM route (powder pressing 
/ sintering / surface densifica-
tion / hardening), since most of 
the machining operations can be 
avoided.

Contribution of PM to cost 
efficiency through VVT components 
and sprockets
A good example of how cost effi-
ciency can be increased by using 
PM is found in applications such as 
components for VVT systems and 
sprockets, for which automated 
processes are installed and set to 
obtain low manufacturing cost with 
no compromise on precision. 

Fig. 16 Comparison of the effect of different process routes on the wear resistance of sprockets

Rotors and stators for VVT systems
Typically, rotors and stators for VVT 
systems are manufactured by Powder 
Metallurgy (Fig. 14). To ensure the 
efficiency of the VVT system, the oil 
consumption must be kept as low 
as possible. Low oil leakage can 
only be guaranteed by very precise 
production and tight geometrical 
tolerances. In the case of stators, a 
high wear resistance on the outer 
teeth is also required. VVT systems 
must thus meet very high precision 
requirements while being very cost-
effectively produced. Therefore, the 
processing steps should be as few 
as possible (at best automated) and 
inexpensive materials must be used. 

The Fe-Cu-C system has become 
well-established on the market for 
both rotor and stator. The compo-
nents are typically pressed to densi-
ties in the range of 6.9-7.1 g/ cm3. 
Features such as slots and pin holes 
can be inserted during pressing, with 
no need for additional processing. 
However, the cross bores of the 
rotors cannot be co-manufactured in 
this step. These latter features are 
made through the very economical 
process of green-machining, i.e. 
the compact is drilled directly after 
compaction, producing hardly any 
wear on the tools. However, it is 
crucial to choose the machining 
parameters carefully so that no 
cracks and damage occur, especially 
when the holes are close to the wings 
or edges. 

Miba internal investigations have 
shown that, above all, feed rates and 
rotational speeds have to be perfectly 
selected and coordinated with each 
other. After green processing, the 
components are typically fed directly 

into the sintering furnace. Here, 
a uniform temperature and gas 
distribution are essential, because all 
components must pass through the 
same calibration die after sintering. 
The more accurate the sintering can 
be done, the less variations will have 
to be compensated during calibra-
tion. A great cost-saving potential 
could be obtained if the pressing and 
sintering process would produce 
such close tolerances that calibra-
tion could be omitted. Another source 
of potential savings would be the 
achievement of tight roughness toler-
ances after calibration, so that no 
sealing elements would be required 
between stator and rotor. 

Further important tolerances for 
the oil leakage of the system are the 
heights, the flatness and the paral-
lelism, which significantly influence 
the leakage between rotor, stator and 
cover. These features must be set via 
an additional precision-increasing 
step, because the tolerances cannot 
be successfully met during calibra-
tion. An economical possibility for 
this is double side grinding (Fig. 14), 
by which two parallel surfaces are 
processed between two grinding 
wheels. This allows extremely tight 
tolerances with regard to flatness and 
parallelism, in the range of 0.01 mm. 
The current trend towards engine 
downsizing requires VVT systems to 
deliver good performance and torque 
while reducing emissions and fuel 
consumption. Powder Metallurgy 
makes an important contribution in 
the form of high-precision rotors and 
stators that can be produced in large 
numbers and at a very competitive 
cost. 

Sprockets 
Sprockets are manufactured in a 
very similar way to VVT components 
(pressing, sintering, calibration and 
surface-densification followed by a 
heat treatment). Fe-Cu-C materials 
are typically used due to cost-
efficiency requirements. Sprockets 
are typically subjected to high wear 
on the teeth at the points of contact 
with the chain. 

Sprockets produced following 
different routes were investigated 
internally at MIBA on a roller 
chain test bench and the results 
showed that the hardening treat-
ment reduces significantly the wear. 
An economical process for heat 
treatment of sprockets is inductive 
hardening (see microstructures 
in Fig. 16). In this case, only the 
teeth of the sprocket are heated to 
austenitisation temperature and 
then quenched using a water / oil 
solution. The rest of the component 
remains unaffected by the heat 
treatment. 

Sprockets hardened immediately 
after sintering without any addi-
tional densification step showed 
wear that was about twice that of 
the densified sprockets. Thus, for 
sprockets with the highest demands 
on wear resistance, the teeth must 
be surface-densified before hard-
ening. Another essential feature for 
sprockets is the strength against 
dynamic loads on the tooth root 
and the blind holes. These aspects 
are commonly checked in-house at 
Miba using static and dynamic test 
rigs. Such tests are also conducted 
for customers to run initial pre-
validations prior to an actual engine 
test run. 

Fig. 14 PM rotors and stators

Fig. 15 Machining of rotors by double side grinding
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Optimised machinability through PM 
materials: bearing caps 
Cost efficiency is sometimes related 
not only to the production of indi-
vidual components, but also to the 
speed and accuracy of the different 
processes involved in the assembly 
line. In the case of bearing caps 
(Fig. 17), the inner radius must be 
machined together with the crank-
case, in order to subsequently guar-
antee an ideal seating of the bearings 
(Fig. 18). 

The processing to be performed 
is a mixed machining between 
the aluminium crankcase and the 
PM-steel which, in the case of 

bearing caps, often consists of an 
Fe-Cu-C material. Although PM 
steels in general do not have a good 
reputation for machinability due to 
the negative effect of porosity, one 
major advantage of PM is the possi-
bility to admix solid lubricants in the 
starting powder mix. 

Solid lubricants remain in their 
original form during the PM-process 
and act as lubricants during subse-
quent machining operations. In the 
course of customer project investiga-
tions, bearing caps were produced 
from powder mixes with different 
amounts of MnS lubricant (0% -0.25% 
-0.5%) and tested by the customer 

for mixed aluminium / sintered 
steel machining. This was done in 
line with crankshaft installation and 
showed an increase in machinability 
of almost 100% (with machining tools 
and parameters also being opti-
mised).

After the optimisation, even more 
PM bearing caps could be machined 
than was possible with the reference 
gray cast iron bearing caps. Here, 
the characteristics offered by the PM 
production route allow better work-
ability by the use of solid lubricants, 
and thus contributes to an easier 
assembly.

 

A vision for the future

The international automotive industry 
- which represents the backbone 
of Miba Sinter Group’s business - 
is facing growing challenges. The 
changes expected over the next ten 
years have the potential to transform 
the automotive sector as we know it. 

In this context, Miba looks at 
the future of PM parts with a very 
enthusiastic and encouraging 
vision: “No powertrain without Miba 
technology.” Wherever there is a 
powertrain, Miba intends to be there 
as a market leader in the production 

of powertrain components. From 
its beginnings, Miba has adapted 
to changing boundaries with an 
attitude which very well resembles 
today’s company strategy: “Strive 
for technological leadership in 
demanding, financially attractive 
market segments.”

Miba Sinter Group intends to 
maintain its position as technology 
market leader in PM applications. 
Its engineers continue to work on 
designing for new applications, as 
well as materials and processing 
developments for challenging PM 
components. Close collaboration 
with customers is used as a means 
to link the possibilities of the PM 
process with the actual needs of the 
end-user. The capability of deliv-
ering fully integrated solutions for 
automotive systems which are 100% 
designed, simulated, developed and 
validated in house gives Miba a very 
important competitive advantage.

When asked about the potential 
future markets for PM applica-
tions, Alexander Müller concluded, 
“Conventional drivetrains will still 

Fig. 18 Machining areas on the crankshaft bearing caps 

Fig. 17 PM bearing caps are cost effective and offer improved functionality over traditional production methods 

Screw

Machined surface

Machined surface

Bearing cap

Bearing

Crankcase

be important for the next decade, but 
of course Miba is making a big effort 
on research to be prepared for the 
future developments in the e-mobility 
field.”
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In running a Powder Metallurgy 
process, the economics of the opera-
tion are driven by several factors. 
Among others, process productivity 
(itself derived from compaction 
speed, furnace belt speed and other 
process-related variables), material 
utilisation rate, scrap rate and the 
requirement for post-sintering opera-
tions (such as sizing, machining or 
heat treatment), are all relevant [1]. 
In a cost-competitive environment, 
the productivity improvement is para-
mount to an economically sustain-
able production. This optimisation 
can be performed in several ways 
and at different process steps. When 
considering the compaction process, 
for example, one way to optimise it is 
to increase the compaction rate, in 
other words, by producing more parts 
per unit of time (Fig. 1).

In the compaction process, 
powder is placed in a die cavity 
and compacted between tools to 
create a near net shape compact. 
The compaction of the green part is 

a crucial step, having a significant 
influence on the final properties 
of the parts. At this step, several 
properties are already fixed, including 
green density, surface finish, density 
gradients within the part and the 
presence of defects such as green 

cracks. Changes to the compaction 
process cannot be made lightly and 
without consideration for the quality 
of the green parts issued from it. 

Accelerating the compaction of 
parts can be done in a number of 
ways, as a typical compaction cycle 

High-performance premixes

Research engineers at Rio Tinto Metal Powders, Canada, and Metalsinter S.r.l, 
Italy, have been working closely to optimise the compaction stage of the Powder 
Metallurgy process. In order to increase productivity in component production, 
the use of a high-performance premix has been reported as a method to increase 
compaction speed, whilst maintaining excellent surface finishes. In this article, 
Rio Tinto’s Vincent Paris, Research Engineer - Product Development, reports 
on the work and concludes that the selection of lubricants must be carefully 
evaluated in collaboration with the powder supplier and the part manufacturer.

High-performance 
premixes for increased 
production rates and 
optimum surface finish 

Fig. 1 Increasing the number of parts per hour is one way to improve efficiency 
in the Powder Metallurgy process   
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A

A1

B
C 33.8mm

39.2mm
A2 52mm

High-performance premixesHigh-performance premixes

Fig. 2 The major steps of a compaction cycle Fig. 3 Details of the water pump pulley manufactured during the industrial trials

Table 1 Composition of the powder mixes tested under industrial conditions Table 2 Description of the Die-fill Sequences (DFS) tested with the powder mixes

is composed of several steps (Fig. 2). 
The feed shoe has to move over the 
die cavity and sufficient time must 
be given to allow for a complete fill 
of the die. In order to ease the die-
filling, the feed shoe can be jerked 
forward and back (often referred to 
as a ‘shoe shake’). Punches need 
to come into the compaction posi-

tion and, on a modern hydraulic 
press, can do so at variable speeds. 
Finally, the actual compaction can be 
performed at a faster or slower pace. 
Accelerating any of these parameters 
will, in effect, increase the produc-
tivity of the compaction process but 
can also negatively impact the quality 
of the parts or the consistency of 

the process [2] [3]. As an example, 
a faster punch motion can lead to 
entrapped air within the part and 
eventually cause green cracks 
to develop. Alternatively, faster 
shoe motion can cause uneven 
die-fill, which would then promote 
decreased part weight stability, 
increased density gradient and, 

eventually, negatively impact dimen-
sional control [4] [5]. It follows that, 
in order to optimise the compac-
tion process and accelerate it, the 
powder mix used must have the 
right flow properties to adequately 
fill the die and avoid the aforemen-
tioned problems [6].

High-performance powder 
mixes

Powder mixes are a complex combi-
nation of several key ingredients, all 
required in the Powder Metallurgy 
process. These include, beyond the 
base material, powdered additives 
such as graphite, copper, machining 
enhancers and lubricants. A high-
performance mix is not just defined 
as one that contains all of these addi-
tives, as all PM mixes would, but one 
which enables the production of parts 
that are consistent in weight and size, 
sinter cleanly and can also be used at 
higher compaction speeds [7]. 

In this study, the compaction 
of a water pump pulley manufac-
tured by Metalsinter S.r.l., Italy, was 
performed using three powder mixes 
containing high-performance lubri-
cants. The compaction was compared 
to the regular production premix in 
use at Metalsinter for the same part. 

The objective was to demonstrate 
how a high-performance premix 
can lead to increased production 
rates while maintaining a quality 

output from the process. In 
this experiment, the baseline 
performance is determined by the 
current powder mix used for the 
industrial production of the part, 
which was already optimised in 
terms of stroke rate. Each powder 
mix was tested with the same 
die-fill conditions (referred to as 
DFS, for Die-Fill Sequence) as the 
regular production mix. The die-fill 
sequences were then progressively 
modified in order to speed up the 
compaction (higher stroke rate) to 
discover the capability of the powder 
mixes under faster compaction 
conditions.

Three metal powder mixes 
were evaluated in an industrial 
compaction process. Each mix had a 
similar composition, corresponding 
to the MPIF Standard 35 designation 
FC-0205 and differed only in their 
lubricant and blending technique. By 
their very nature, lubricants have a 
profound impact on the powder flow 

properties and apparent density, 
surface finish characteristics and 
die-fill performance [8]. 

Table 1 describes the 
composition and the physical 
properties of these high-
performance premixes. The three 
lubricants used where Caplube L, 
a lubricant manufactured by 
Blachford (Canada), Apex Mid-Dens 
(Apex Advanced Technologies, 
USA) and a proprietary lubricant 
developed by Rio Tinto Metal 
Powders. From Table 1, it can be 
noted that the apparent density 
of each of the premix varies 
significantly. This feature has an 
impact on press productivity as well. 
In effect, a lower apparent density 
leads to a higher die-fill. This, in 
turn, yields a longer compaction 
cycle as the distance the 
compaction punches must travel is 
increased. A higher apparent density 
is therefore a desirable feature of a 
high-performance premix.

Accelerating the  
compaction cycle

The part selected for the test was 
a water pump pulley, 39.2 mm high 
and 52 mm in external diameter. The 
friction surface of the part is 33.8 mm 
tall. Details of the part are shown in 
Fig. 3. The 269 g part was compacted 
on a Dorst TPA/160 3 HP press which 
was linked to an automated scale 
registering the weight of each part. 
The scale was setup in a feedback 
loop relaying data to the press, which 
could compensate out of tolerance 
weight variation by automatically 
adjusting the die-fill height. If parts 
became too light, the die-fill was 
increased and the opposite happened 
if the weight of the part increased 
beyond the acceptable upper limit.

In order to accelerate the compac-
tion cycle, four variables were 
modified: the speed of the feed shoe 
(denoted S), the number of shakes 
performed by the feed shoe over the 

1 2 3 4 5 6

Cycle start Die-filling Compaction
start

Compaction
end Ejection Die-filling

Powder
sample Base Cu

(w/w %)
C

(w/w %)
Lubricant
(w/w %)

Apparent 
density (g/cm3)

Flow Rate (s/50g) 
(Hall/Gustavsson)

A

AT-1001
1.0% 

AcuPowder 
165Q

0.5%
Timcal
PG-25

0.8%
Caplube L

3.11 27 / 33

B
0.8%

Apex Mid-Dens
2.76 31 / 35

C
0.8%

PR-2B
2.92 33 / 39

Die-fill 
sequence

Mixes 
tested

Feed shoe 
speed

Feed shoe shaking
Resulting stroke rate (parts per minute)

Number Dwell 
time Time

A B C

DFS-STD All S N DT T 5.8 5.8 5.7 5.8

DFS-1 A + B + C 5S 0.5N 0.75DT 0.6T 7.5* 7.3 7.1*

DFS-2 A + C 5S N 0.75DT 0.6T 7.2 7.2

DFS-3 A 5S N 0.38DT 0.6T 7.5

* the evaluation of the stroke rate is approximate due to the small size of the population

“...in order to optimise the compaction 
process and accelerate it, the powder 

mix used must have the right flow 
properties to adequately fill the die and 

avoid the aforementioned problems”

52mm
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die cavity (N), the dwell time, that 
is the amount of time the shoe was 
positioned on top of the die cavity 
(DT) and the duration of the feed shoe 
shake (T). In this context, a shorter 
shoe shake therefore implies a 
faster motion of the feed shoe. Each 
combination of these four variables 
is what is referred to as a die-fill 
sequence (DFS). 

The different die-fill sequences, 
along with the resulting stroke rates 
are shown in Table 2. As some of 

mixes B and C, with the lowest and 
second lowest apparent densities 
had a die-fill of 79.1 and 74.9 mm, 
respectively. Fig. 4 presents the data 
obtained for a regular production 
sequence using the regular produc-
tion material. These results are 
considered as the benchmark for 
determining the adequate perfor-
mance level of the powder mix. The 
regular production had a standard 

deviation of 0.31 g and a six-sigma 
value (on data collected with the 
same filling height, i.e. when the 
press did not adjust the die-fill) of 
0.63% of the nominal part weight. In 
these conditions, the press output 
was 5.8 parts per minute. As an 
additional measure of the weight 
consistency, the number of die-fill 
adjustments made by the press is 
reported on a per 1,000 parts basis. 

For the regular production powder, 
this indicates that on average, for 
each 1,000 parts pressed, the die-fill 
had to be automatically adjusted 35 
times to maintain the parts weight 
within tolerances.

Figs. 5, 6 and 7 show the 
equivalent data for the three 
experimental powder mixes under 
the regular compaction conditions. 
In these conditions, both the powder 

High-performance premixesHigh-performance premixes

this information is proprietary, 
the die-fill sequences are shown 
in relative form. For instance, 5S 
implies that the speed of the feed 
show for this die-fill sequence was 
multiplied by five from the reference 
powder mix. Furthermore, once a 
given die-fill sequence was deemed 
satisfactory for a given premix, no 
further tests were completed with 
this mix, leading to an optimised set 
of compaction conditions for every 
powder mix tested.

Evaluation of weight 
consistency

At the beginning of the experiment, 
all three powder mixes were tested 
in the exact same conditions as the 
regular production powder mix, with 
the exception of the die-fill height, 
which is directly related to the 
apparent density of the powder being 
tested. Thus, the powder mix A, which 
has the highest apparent density, had 
a die-fill height of 70.6 mm. Powder 

Compaction data 
Ejection force 
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Stroke rate 
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Compaction data 
Die-fill height 

(mm) 70.6

Ejection force 
(kN) 157

Stroke rate 
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Compaction data 
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Compaction data 
Die-fill height 

(mm) 70.6

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 5.8

Die-fill adjustments 
(on a per 1,000 parts basis) 47

Descriptive statistics 
Number of parts pressed 193 

Standard deviation, σ 
(g)

0.27

Relative standard deviation, 6σ 
(%) 

0.61

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
0.55 

Compaction data 
Die-fill height 

(mm) 79.1

Ejection force 
(kN) 151

Stroke rate 
(parts per minute) 5.7

Die-fill adjustments 
(on a per 1,000 parts basis) 74
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Compaction data

Ejection force (kN) 168

Stroke rate 
(parts per minute)

5.8

Die-fill adjustments 
(on a per 1,000 parts basis)

35

Descriptive statistics

Number of parts pressed 3197

Standard deviation, σ (g) 0.31

Relative standard devia-
tion, 6σ (%)

0.69

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
0.63

Compaction data

Die-fill height (mm) 70.6

Ejection force (kN) 157

Stroke rate
(parts per minute)

5.8

Die-fill adjustments
(on a per 1000 parts basis)

47

Descriptive statistics

Number of parts pressed 193

Standard deviation, σ (g) 0.27

Relative standard devia-
tion, 6σ (%)

0.61

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
0.55

Compaction data

Die-fill height (mm) 74.9

Ejection force (kN) 154

Stroke rate
(parts per minute)

5.8

Die-fill adjustments
(on a per 1000 parts basis)

34

Descriptive statistics

Number of parts pressed 356

Standard deviation, σ (g) 0.30

Relative standard devia-
tion, 6σ (%)

0.67

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
0.58

Compaction data

Die-fill height (mm) 79.1

Ejection force (kN) 151

Stroke rate
(parts per minute)

5.7

Die-fill adjustments
(on a per 1000 parts basis)

74

Descriptive statistics

Number of parts pressed 352

Standard deviation, σ (g) 0.42

Relative standard devia-
tion, 6σ (%)

0.94

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
0.70

Fig. 4 Weight of parts and die-fill adjustment of the regular powder mix under normal production conditions (DFS-STD) 
with associated compaction data and statistics

Fig. 5 Weight of parts and die-fill adjustment of the Caplube L high performance powder under short production runs 
(DFS-STD sequence) and associated compaction data and statistics

Fig. 7 Weight of parts and die-fill adjustment of the proprietary high-performance lubricant powder under short 
production runs (DFS-STD sequence) and associated compaction data and statistics

Fig. 6 Weight of parts and die-fill adjustment of the Apex Mid-Dens high-performance powder under short production 
runs (DFS-STD sequence) and associated compaction data and statistics
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to the die-fill sequence DFS-1, as 
described in Table 2. The powder 
mix containing the Apex Superlube 
Mid-Dens performed the best in 
those conditions. The other two 
powder mixes had higher six-sigma 
values and a high ratio of die-fill 
changes per 1,000 parts. In the 
case of the proprietary lubricant, 
an incomplete die-fill was observed 
on some parts which prompted the 

interruption of this test condition. Mix 
A demonstrated a filling behaviour 
that was qualitatively inconsistent 
and, consequently, the test was also 
interrupted. This die-fill sequence 
was deemed satisfactory for the 
powder mix B (containing Apex 
Mid-Dens) while further optimisation 
was required for both mixes A and C.

In a third phase, the powder mixes 
containing Caplube L (mix A) and 

the proprietary lubricants (mix C) 
were tested using a modified die-fill 
sequence (DFS-2) where an addi-
tional feed shoe shake was added. 
In spite of adding time to the overall 
compaction sequence, thus reducing 
productivity, the additional shake was 
expected to help the powder fill the 
die cavity better and thus reduce the 
weight scatter. The additional shake 
indeed contributed to a reduction in 

Compaction data 
 Compaction force 

(kN) 813

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 7.5

Die-fill adjustments 
(on a per 1,000 parts basis) 118

Number of parts pressed 17 
Standard deviation, σ 

(g)
0.79

Relative standard deviation, 6σ 
(%) 

1.77

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
N/A 

Compaction data 
 Compaction force 

(kN) 817

Ejection force 
(kN) 150

Stroke rate 
(parts per minute) 7.3

Die-fill adjustments 
(on a per 1,000 parts basis) 90

Number of parts pressed 321 
Standard deviation, σ 

(g)
0.58

Relative standard deviation, 6σ 
(%) 

1.28

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
0.98 
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Compaction data 
 Compaction force 

(kN) 801

Ejection force 
(kN) 149

Stroke rate 
(parts per minute) 7.1

Die-fill adjustments 
(on a per 1,000 parts basis) 125

Number of parts pressed 32 
Standard deviation, σ 

(g)
0.50

Relative standard deviation, 6σ 
(%) 

1.13

Relative standard deviation, 6σ 
(at constant die-fill height) 
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Compaction data 
 Compaction force 

(kN) 814

Ejection force 
(kN) 154

Stroke rate 
(parts per minute) 7.2

Die-fill adjustments 
(on a per 1,000 parts basis) 50

Number of parts pressed 180 
Standard deviation, σ 

(g)
0.89

Relative standard deviation, 6σ 
(%) 

1.99

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
1.92 

Compaction data 
 Compaction force 

(kN) 802

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 7.2

Die-fill adjustments 
(on a per 1,000 parts basis) 57

Number of parts pressed 228 
Standard deviation, σ 
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Relative standard deviation, 6σ 
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Relative standard deviation, 6σ 
(at constant die-fill height) 
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Compaction data 
Die-fill height 

(mm) 70.6

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 5.8

Die-fill adjustments 
(on a per 1,000 parts basis) 47

Descriptive statistics 
Number of parts pressed 193 

Standard deviation, σ 
(g)

0.27

Relative standard deviation, 6σ 
(%) 

0.61

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
0.55 

Compaction data 
Die-fill height 

(mm) 79.1

Ejection force 
(kN) 151

Stroke rate 
(parts per minute) 5.7

Die-fill adjustments 
(on a per 1,000 parts basis) 74

Descriptive statistics 
Number of parts pressed 352 

Standard deviation, σ 
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Relative standard deviation, 6σ 
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Relative standard deviation, 6σ 
(at constant die-fill height) 
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Compaction data 
Die-fill height 

(mm) 70.6

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 5.8

Die-fill adjustments 
(on a per 1,000 parts basis) 47
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Compaction data 
Die-fill height 

(mm) 70.6

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 5.8

Die-fill adjustments 
(on a per 1,000 parts basis) 47
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Compaction data 
Die-fill height 

(mm) 79.1

Ejection force 
(kN) 151

Stroke rate 
(parts per minute) 5.7

Die-fill adjustments 
(on a per 1,000 parts basis) 74
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Compaction data

 Compaction force (kN) 813

Ejection force (kN) 157

Stroke rate
(parts per minute)

7.5

Die-fill adjustments
(on a per 1000 parts basis)

118

Descriptive statistics

Number of parts pressed 17

Standard deviation, σ (g) 0.79

Relative standard devia-
tion, 6σ (%)

1.77

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
N/A

Compaction data

 Compaction force (kN) 801

Ejection force (kN) 149

Stroke rate
(parts per minute)

7.1

Die-fill adjustments
(on a per 1000 parts basis)

125

Descriptive statistics

Number of parts pressed 32

Standard deviation, σ (g) 0.50

Relative standard devia-
tion, 6σ (%)

1.13

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
N/A

Compaction data

 Compaction force (kN) 814

Ejection force (kN) 154

Stroke rate
(parts per minute)

7.2

Die-fill adjustments
(on a per 1000 parts basis)

50

Descriptive statistics

Number of parts pressed 180

Standard deviation, σ (g) 0.89

Relative standard devia-
tion, 6σ (%)

1.99

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
1.92

Fig. 8 Weight of parts and die-fill adjustment of the Caplube L high-performance powder under short production runs 
(DFS-1 sequence) and associated compaction data and statistics

Fig. 10 Weight of parts and die-fill adjustment of the proprietary high-performance lubricant powder under short 
production runs (DFS-1 sequence) and associated compaction data and statistics

Fig. 11 Weight of parts and die-fill adjustment of the Caplube L high-performance lubricant powder under short 
production runs (DFS-2 sequence) and associated compaction data and statistics

Compaction data 
 Compaction force 

(kN) 813

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 7.5

Die-fill adjustments 
(on a per 1,000 parts basis) 118

Number of parts pressed 17 
Standard deviation, σ 

(g)
0.79

Relative standard deviation, 6σ 
(%) 

1.77

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
N/A 

Compaction data 
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Compaction data 
Die-fill height 

(mm) 70.6

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 5.8

Die-fill adjustments 
(on a per 1,000 parts basis) 47

Descriptive statistics 
Number of parts pressed 193 

Standard deviation, σ 
(g)

0.27

Relative standard deviation, 6σ 
(%) 

0.61

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
0.55 

Compaction data 
Die-fill height 

(mm) 79.1

Ejection force 
(kN) 151

Stroke rate 
(parts per minute) 5.7

Die-fill adjustments 
(on a per 1,000 parts basis) 74

Descriptive statistics 
Number of parts pressed 352 

Standard deviation, σ 
(g)

0.42

Relative standard deviation, 6σ 
(%) 

0.94

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
0.70 
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Compaction data

 Compaction force (kN) 817

Ejection force (kN) 150

Stroke rate
(parts per minute)

7.3

Die-fill adjustments
(on a per 1000 parts basis)

90

Descriptive statistics

Number of parts pressed 321

Standard deviation, σ (g) 0.58

Relative standard devia-
tion, 6σ (%)

1.28

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
0.98

Fig. 9 Weight of parts and die-fill adjustment of the Apex Mid-Dens high-performance powder under short production 
runs (DFS-1 sequence) and associated compaction data and statistics

mixes lubricated with Caplube L 
and the proprietary lubricant were 
performing in a similar fashion to 
the serial powder mix. In terms of 
stability, their standard deviation, 
0.27 g and 0.30 g, was lower than 
the reference material, which had 
a standard deviation of 0.31 g. Both 
were also slightly more compressible, 
however, this difference may be 
related to the different steel powders 

used as base material. The powder 
mix containing Apex Superlube 
Mid-Dens had a higher standard 
deviation, at 0.42 g. During the 
compaction sequence, which lasted 
for 352 parts, the press had to adjust 
its die-fill height 26 times, which 
represents a frequency of 74 changes 
per 1,000 parts. In comparison, 
the regular powder had a die-fill 
adjustment ratio of 35, the Caplube L 

powder a ratio of 47 and the 
proprietary lubricant powder a ratio 
of 34 adjustments per 1,000 parts.

In the second phase of the 
experiment, for which the results are 
shown in Figs. 8, 9 and 10, the stroke 
rate of the press was increased by 
speeding the feed shoe by a factor of 
five and by adjusting the number of 
shakes, their duration and the dwell 
time. These conditions correspond 

High-performance premixesHigh-performance premixes
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the frequency of the press adjust-
ments, which reached 57 (from 
125) for the proprietary lubricant 
and 87 (from 118) for the Caplube L 
powder mix (Figs. 11 and 12). This 
improvement was not reflected in 
the standard deviation statistic. For 
both powder mixes, an increase in 
the standard deviation was meas-
ured. For the Caplube L powder mix, 

the standard deviation increase 
from 0.79 g to 0.89 g. The propri-
etary lubricant powder showed an 
increase of its standard deviation 
from 0.50 g to 0.67 g.

In the last phase, the powder 
mix A (containing Caplube L) was 
tested with the last die-fill sequence, 
DFS-3, which had a shorter dwell 
time than DFS-2 (Fig. 13). This 

enabled the compaction to reach 
7.5 parts per minute but increased 
the number of die-fill adjustments 
per 1,000 parts to 85. The standard 
deviation and six-sigma value 
however remained comparable to 
the slower compaction rate tested 
with the DFS-2 sequence.

Compaction data 
 Compaction force 

(kN) 814

Ejection force 
(kN) 154

Stroke rate 
(parts per minute) 7.2

Die-fill adjustments 
(on a per 1,000 parts basis) 50

Number of parts pressed 180 
Standard deviation, σ 

(g)
0.89

Relative standard deviation, 6σ 
(%) 

1.99

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
1.92 

Compaction data 
 Compaction force 

(kN) 802

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 7.2

Die-fill adjustments 
(on a per 1,000 parts basis) 57

Number of parts pressed 228 
Standard deviation, σ 

(g)
0.67

Relative standard deviation, 6σ 
(%) 

1.49

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
1.43 
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Compaction data 
Die-fill height 

(mm) 70.6

Ejection force 
(kN) 157

Stroke rate 
(parts per minute) 5.8

Die-fill adjustments 
(on a per 1,000 parts basis) 47

Descriptive statistics 
Number of parts pressed 193 

Standard deviation, σ 
(g)

0.27

Relative standard deviation, 6σ 
(%) 

0.61

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
0.55 

Compaction data 
Die-fill height 

(mm) 79.1

Ejection force 
(kN) 151

Stroke rate 
(parts per minute) 5.7

Die-fill adjustments 
(on a per 1,000 parts basis) 74

Descriptive statistics 
Number of parts pressed 352 

Standard deviation, σ 
(g)

0.42

Relative standard deviation, 6σ 
(%) 

0.94

Relative standard deviation, 6σ 
(at constant die-fill height) 

(%) 
0.70 
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Compaction data

 Compaction force (kN) 802

Ejection force (kN) 157

Stroke rate
(parts per minute)

7.2

Die-fill adjustments
(on a per 1000 parts basis)

57

Descriptive statistics

Number of parts pressed 228

Standard deviation, σ (g) 0.67

Relative standard devia-
tion, 6σ (%)

1.49

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
1.43

Fig. 12 Weight of parts and die-fill adjustment of the proprietary high-performance lubricant powder under short 
production runs (DFS-2 sequence) and associated compaction data and statistics

Compaction data 
 Compaction force 
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Ejection force 
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Stroke rate 
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Die-fill adjustments 
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Standard deviation, σ 
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Relative standard deviation, 6σ 
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Die-fill adjustments 
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Compaction data 
Die-fill height 

(mm) 79.1

Ejection force 
(kN) 151

Stroke rate 
(parts per minute) 5.7

Die-fill adjustments 
(on a per 1,000 parts basis) 74

Descriptive statistics 
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Compaction data

 Compaction force (kN) 815

Ejection force (kN) 158

Stroke rate
(parts per minute)

7.5

Die-fill adjustments
(on a per 1000 parts basis)

85

Descriptive statistics

Number of parts pressed 117

Standard deviation, σ (g) 0.87

Relative standard devia-
tion, 6σ (%)

1.94

Relative standard devia-
tion, 6σ (at constant die-fill 

height) (%)
1.66

Fig. 13 Weight of parts and die-fill adjustment of the Caplube L high-performance lubricant powder under short 
production runs (DFS-3 sequence) and associated compaction data and statistics

Reduced density 
gradients and reduced 
distortion

A key benefit of a high perfor-
mance premix, related to the 
die-fill performance, is the ability 
to reduce density gradients 
throughout the part. This can 
be explained by the presence of 
a more evenly distributed mass 
of powder within the die cavity. 
Reduced density gradients lead 
to a more isotropic dimensional 
change and reduced distor-
tion, thereby improving the size 
accuracy of the final parts. Green 
density measurements were taken 
at various locations on the part, 
more specifically at the top (A2) 
and bottom (A1) of the body of the 
pulley, at the hub section (B) and 
at the disc area (C) (ref. Fig. 3) and 
are reported in Table 3. The mix 
that had the highest difference 
between the top (C) and teeth (A) 
of the part was the one lubricated 
with Apex Mid-Dens while the 
smallest gradient was obtained 
with the mix containing the propri-
etary lubricant.

Full compressibility curves were 
not produced in this experiment, 
but each premix’s compressibility 
can be indirectly deduced from the 
green density measurements and 
the compaction forces recorded 
by the press under the DFS-STD 
condition. Table 4 shows the 
average green density, obtained 
from the measurements at various 
locations in the part alongside the 
compaction forces recorded. The 
data demonstrates that the most 
compressible premix was the one 
containing the proprietary lubri-
cant. A higher green density was 
attained using a lower compac-
tion force. The least compress-
ible appears to be the Caplube L 
premix, which required an 818 kN 
force to reach an average green 
density of 6.59 g/cm3. The powder 
mix containing Apex Mid-Dens 
had a slightly better compress-
ibility than the Caplube L premix, 
reaching a density of 6.60 g/cm3 
with a compaction force of 815 kN.

Powder mix

Location of
measurements

A (Caplube L) B (Apex Mid-Dens) C (PR-2B)

Densities (g/cm3)

Green Sintered Green Sintered Green Sintered

Teeth, bottom (A1) 6.81 - 6.90 - 6.93 -

Teeth, top (A2) 6.37 - 6.41 - 6.41 -

Teeth, average (A) 6.59 6.68 6.66 6.75 6.67 6.68

Hub (B) 6.59 6.58 6.51 6.67 6.63 6.69

Disc (C) 6.57 6.61 6.59 6.69 6.68 6.70

Δ (A-C) 0.02 0.07 0.07 0.06 -0.01 0.02

Table 3 Green and sintered density distribution and difference between top and 
bottom areas of the part

Table 4 Compressibility of the powder mixes

Reference A
(Caplube L)

B
(Apex Mid-Dens)

C
(PR-2B)

Average green density 
(g/cm3)

N/A 6.59 6.60 6.66

Compaction force
(kN)

816 818 815 799

Surface finish quality in 
green and sintered state

The quality of the finished surface, 
both in the green and sintered state, 
was qualitatively evaluated. Both of 
the surfaces, for all three premixes 
tested, can be seen in Fig. 14. In the 
green state, the main factor driving 
the quality of the surface finish is the 

lubrication performance. Well lubri-
cated premixes will yield a higher 
surface quality. 

All three powder premixes offered 
an excellent surface finish with 
no visible defects on the friction 
surface. The parts manufactured 
from the Apex Mid-Dens premix had 

a compaction surface demonstrating 
a peppered surface (small black 
dots) that is caused by the presence 
of small lubricant agglomerates. 
The sintered aspect was evaluated 
following sintering on non-machined 
surfaces and is a product of the green 
surface aspect and the delubrica-
tion behaviour. When entering the 
lubricant burn-off zone of a sintering 

furnace, the lubricant contained 
within the parts begins to break down 
and is consumed. This reaction can 
cause some lubricants to react with 
the atmosphere and cause staining 
on the parts, particularly if they 
contain ingredients that are difficult 
to burn completely. 

“In the green state, the main 
factor driving the quality of the 
surface finish is the lubrication 

performance”

High-performance premixesHigh-performance premixes
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Fig. 14 Evaluation of the green and sintered aspect in normal production 
conditions (DFS-1 and regular sintering)

The results demonstrated that 
the premix containing Apex Mid-
Dens was causing a significant pres-
ence of dark stains concentrated in 
the areas where furnace gas flow 
is reduced. The premix containing 

Caplube L had fewer stains that 
were silver-coloured (hence less 
visible on the image). The premix 
containing the proprietary lubri-
cant was entirely clean and free of 
stains.

Conclusion

This study demonstrates that 
high performance premixes have 
the capability of increasing the 
production rates of the Powder 
Metallurgy process while retaining 
excellent surface finishes. Each 
lubricant offered advantages 
in some key aspects, e.g. part 
cleanliness, maximised stroke rate, 
increased compressibility or more 
stable part weights. Furthermore, 
the measurement of the flow rate 
in a laboratory setting, either 
through the Hall or Gustavsson 
funnel, did not correlate with the 
final part-to-part weight stability. 
It follows that evaluating the 
performance of a lubricated premix 
in the Powder Metallurgy process 
cannot be limited to a simple 
laboratory test. The selection of 
the lubricant must be carefully 
evaluated in collaboration with 
the powder supplier and the part 
manufacturer, keeping in mind the 
specific requirements of each part 
production process.
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Rate controlled sintering of 
binderless tungsten carbide

The first of these papers came 
from Juergen Hennicke and Tobias 
Kessel (FCT Systeme, Germany) and 
Johannes Pötschke and Anne Vorn-
berger (Fraunhofer IKTS, Germany) 
and focused on the potential benefits 
of applying rate controlled sintering 
in the processing of binderless tung-
sten carbide.

Binderless hardmetals or pure 
tungsten carbide do not contain 
metallic binder, in contrast to 
conventional hardmetals, and 
therefore have a higher hardness 
and higher resistance to corrosion or 
oxidation, but also a lower fracture 
toughness. In the case of nanoscale 
starting powders, a hardness close 
to super hard materials, such as 
diamond or cubic boron nitride, 
with values of up to 3000 HV, can be 
achieved. This mirrors the general 
trend for hardness of hardmetals, 

i.e. increasing hardness with 
decreasing WC grain size. Further-
more, hardmetals with nanoscale 
microstructures offer high tough-
ness as well; but control of grain 
growth during sintering is crucial to 
achieving this desired combination 
of properties.

Conventional hardmetal produc-
tion involves liquid phase sintering at 
temperatures around 1350°C, while, 
for binderless hardmetals, solid 
state sintering at high temperature 
(1700°C – 2000°C) and/or pres-
sure is needed for full densification, 
due to the absence of the metallic 

Euro PM2017: Optimising sintering

The Euro PM2017 conference, organised by European Powder 
Metallurgy Association (EPMA) in Milan, Italy, October 1-5 2017, 
included a technical session featuring a number of studies 
of various sintering mechanisms. In this report, Dr David 
Whittaker reviews three papers from the session which highlight the potential 
benefits of applying rate controlled sintering, study the thermal decomposition 
of delubrication aiding additives, and report on delubrication control systems for 
batch processes.

Euro PM2017: Optimising 
sintering processes 
for improved Powder 
Metallurgy properties

Fig. 1 EuroPM2017 took place at the MiCo Congress Centre in Milan, Italy
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the densification rate, these reac-
tions could be used for enhanced 
densification processes, leading to 
sintering cycles completed at lower 
temperatures or in shorter sintering 
times. In the reported work in this 
paper, the densification rate was 
controlled in two different ways. In 
‘F-mode’, the densification rate was 
limited by reducing the pressing 
force. In ‘T-mode’ the densification 
rate was controlled by adjusting the 
heating rate.

For each experiment, 100 g of 
tungsten carbide powder was filled 
into a cylindrical die with a cavity of 
40 mm diameter. The powder had 
a particle size of dBET of 98 nm, as 
measured by the BET method, and 
an oxygen content below 0.4 wt.%. 
The die was closed with the 
pressing punches, pre-compacted 
at 5 MPa pressure and put in the 
FAST/Hybrid unit. All components of 
the pressing tool system were made 
from high strength graphite. 

The reference CHR experiment 
was performed using the FAST/SPS 
mode of the unit, i.e. in-situ heating 
of the sample by a pulsed DC 
current, in vacuum, at a constant 
compaction pressure of 70 MPa, a 
heating rate of 150 K/min to 1800°C 
and a dwell time of 7 min or 3 min 
respectively, followed by natural 
cooling. 

The experiment was then 
repeated under identical conditions, 
but now using the RCS F-mode, 
limiting the densification rate 
to 0.5 mm/min by control of the 
pressing force. In a second repeti-
tion, the experimental conditions 
were again similar, but this time the 
RCS T-mode was used, limiting the 
densification rate to 0.5 mm/min by 
control of the heating rate.

Fig. 2a shows the experimental 
data for the reference CHR experi-
ment. The temperature (red curve) 
shows the constant heating rate 
of 150 K/min and a subsequent 
dwell time of 7 min, Before heating 
started, the pressing force (green 
curve) ramps to 88 kN (70 MPa) and 
is constant until the end of the dwell 
time. Densification (black curve) 
and densification rate (blue curve) 

binder. Fully dense samples can 
be made by hot pressing, Hot 
Isostatic Pressing or conventional 
sinterHIP. The disadvantage of 
these methods is the high sintering 
temperature in combination with 
long sintering times, which leads 
to pronounced grain growth. Spark 
Plasma Sintering (SPS) or the 
Field Assisted Sintering Technique 
(FAST) uses both mechanical pres-
sure and pulsed electric current 
to densify samples. This makes 
shorter sintering times and, conse-
quently, finer grain sizes and better 
mechanical properties possible.

In most cases, the sintering 
regime consists of a heating phase 
with constant heating rate (CHR), 
followed by an isothermal holding 
time and subsequent cooling. This 
standard regime, however, does not 

offer control over the different ther-
mally activated processes during 
sintering. An alternative sintering 
strategy is Rate Controlled Sintering 
(RCS), in which the sample densi-
fication rate is controlled in such 
a way that the structural evolution 
is optimised by limiting undesired 
grain growth.

For the sintering of pure WC 
powders, the chemical reactions 
taking place during sintering also 
have to be considered. In nanoscale 
WC powders, a surface oxide is 
always present, resulting in a 
reduction step during sintering. 
The pure W then present enhances 
diffusion and, therefore, also densi-
fication, which achieves a maximum 
in the second reaction process, the 
reaction of WC and W to form W2C 
at around 1400°C. By controlling 

show a typical sintering behav-
iour, starting at about 670°C and 
completing during the dwell time.

Because densification (the black 
curve) was nearly complete after 
the first few minutes of dwell time, 
the CHR experiment was repeated 
with similar parameters, but with 
a reduced dwell time of only 3 min. 
The respective process data diagram 
is shown in Fig. 2b, demonstrating 
the excellent reproducibility of the 
sintering behaviour, especially the 
shape of the densification rate curve. 

As seen in Fig. 3, the densifi-
cation rate can be successfully 
limited to a constant value (in this 
case 0.5 mm/ min). This limita-
tion was obtained by the control 
of the pressing force (‘F-mode’ 
RCS), resulting in a decrease from 
the constant value of 88 kN to a 
minimum value of 28 kN and a 
subsequent increase up to the former 
constant value during the dwell 
time (green curve). In this case, the 
maximum densification was reached 
at the end of the holding time and not 
at the beginning of the holding time 
as observed in the reference CHR 
experiment.

The diagram for the RCS T-mode 
experiment is shown in Fig. 4. As can 
be seen, the limitation of the densifi-
cation rate to 0.5 mm/min is approxi-
mated by a five-step heating regime, 
starting with the standard value of 
the reference experiment (150 K/min) 
and continuing with 50, 40, 90 and 
110 K/min up to the standard dwell 
temperature of 1800°C (red curve). 
Compared with the other experi-
ments, the sample produced with the 
RCS T-mode showed a maximum 
densification rate at the beginning 

of the holding time. Also, maxima in 
the densification rate can be seen 
at 800°C to 1100°C and at around 
1400°C, showing the effect of the 
presence of pure W after the reduction 
of W oxides and the reaction of WC 
and W to form W2C at around 1400°C.

The sintered samples were 
subsequently characterised in 
terms of density and mechanical 
properties. As can be seen in 
Table 1, the RCS samples have 
higher density as well as superior 
mechanical properties.

Fig. 2 Process data vs time for the reference CHR experiment with (a) 7 min 
dwell time (b) 3 min dwell time [1]

Fig. 3 Process data vs time for the RCS F-mode experiment [1]

Fig. 4 Process data vs time for the RCS T-mode experiment [1]

Sintering mode Density Hardness Fracture 
toughness K1c

Heating
rate

Compaction 
pressure

Sintering 
temp.

Dwell
time

g/cm³ HV10 MPam1/2 K/min MPa °C min

CHR (td=7 min) 15.51 2498 ± 50 6.4 ± 0.1 150 70 1800 7

CHR (td=3 min) 15.42 2555 ± 50 6.8 ± 0.1 150 70 1800 3

RCS (F-mode) 15.62 2578 ± 50 7.0 ± 0.1 150 variable 1800 7

RCS (T-mode) 15.53 2801 ± 50 7.0 ± 0.1 RC 70 1800 3

Table 1 Properties of samples prepared by SPS with Constant Heat Rate (CHR) and with Rate Controlled Sintering 
(RCS) [1]
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The ratios of hardness to 
fracture toughness of the sintered 
samples are shown in Fig. 5. 
Both modes of RCS generate a 
better hardness/toughness ratio 
in comparison with CHR. With the 
T-mode, a much higher hardness of 
2800 HV10 is obtained.

The superior mechanical proper-
ties of the RCS samples do not only 
originate from the higher sample 
density and therefore lower propor-
tion of pores. The microstructure, 
in particular the WC grain size, 
strongly influences both hard-
ness and fracture toughness. The 
microstructures of the samples are 
shown in Figs. 5 - 7.

In comparison with the CHR 
sample, there are clearly less pores 
visible in the centre sections of 
both RCS samples. The T-mode 
RCS sample has a noticeably finer 
grained microstructure and this 
correlates with the high values for 
both hardness and toughness. The 
areas close to the sample surface 
exhibit a zone with abnormal grain 
growth, approximately 80 µm in 
width. These abnormally large WC 
grains occur because of an excess 
of carbon from the carbon-based 
(graphite) dies. 

With RCS, the influence of the 
limited densification rate can be 
observed in both the microstruc-
ture and the mechanical proper-
ties. The densification processes 
occurring due to chemical reactions 
are best assisted by a controlled 
heating rate (the RCS T-mode). In 
this case, densification is assisted 
by the applied high pressure and 
by the adapted heating rate during 
sintering. 

Thus, a fast and adapted manu-
facturing route for high quality 
binderless hardmetal samples has 
been developed. Finally, the authors 
pointed out that further improve-
ments are possible through a live 
control of the heating rate in the 
RCS T-mode, which is currently 
under development, to adjust the 
heating rate in an even better 
manner in order to enhance densi-
fication and the processes driving 
densification.

Atmosphere study on the 
thermal decomposition 
behaviour of delubrication 
aiding additives

A second paper, from Peter Quad-
beck, Alexander Strauss and Bernd 
Kieback (Fraunhofer IFAM, Dresden, 
Germany) and Lars Wimbert and 
Rene Lindenau (GKN Sinter Metals 
Engineering GmbH, Germany), 
reported on a study of the thermal 
decomposition behaviour of delubri-
cation aiding additives.

The early stages of the sintering of 
PM steel components are subject to a 
range of processes. Typically, a drying 
step is followed by the decomposition 
of the organic additives, reduction 
processes of surface powder particle 
oxides and carburisation or decar-
burisation processes. The proper 
implementation of a delubrication 
stage is essential, since residual soot 
can severely harm the final sintered 
properties of the PM products.

In recent years, the use of 
delubrication aiding additives has 
become increasingly prevalent. In the 
presented study, a clean burn addi-
tive (CB) has been used to enhance 
the delubrication process. The 
objective of the reported work was to 

study the effect of such an additive 
on the thermochemical decomposi-
tion behaviour by in-situ process gas 
analysis.

Green compacts were produced 
from an Fe-2.0%Cu-0.65%C 
elemental mix with Kenolube 
lubricant by pressing at 700M Pa 
pressure. Green parts with a propri-
etary clean burn additive were also 
produced. The green parts were then 
subjected to a heat treatment in a 
tube furnace. The treatment started 
at room temperature with a heating 
rate of 3 K/min up to 1120°C and a 
dwell time of 60 min in a N2-H2 (95-5) 
atmosphere. The flow rate of the gas 
was 2.5 l/min 

In order to observe the gas 
composition during the process, 
in-situ gas phase observation was 
carried out by Fourier-Transform-
Infrared spectroscopy (FTIR). Refer-
ence spectra (CO, CO2 and CH4), 
were taken with the help of gas filled 
reference cells. Therefore, single 
species could be identified. Spectra 
were taken in temperature steps of 
3 K. The relative concentrations of the 
observed species were determined 
by drawing a baseline between two 
defined fixed points and integrating 
the area between the baseline and 
the measured absorbance. For detec-

tion of CO, this integration was done 
between 2120.35 and 2118.0 cm-1, CO2 
was determined between 2331.32 and 
2332.82 cm-1, CH4 between 3085.33 
and 3086.18 cm-1 and CH groups 
between 2834.85 and 2990.61 cm-1. 
Also, the absorbance due to alde-
hydes has been quantified between 
1692.0 and 1726.0 cm-1, aromatic 
compounds between 1582.8 and 
1604.7 cm-1, anhydrides between 
1782.0 and 1821.5 cm-1 and alkenes 
between 1644.0 and 1682.0 cm-1.

The typical absorbance spectra 
during the thermal delubrication of 
a sample with Kenolube lubricant is 
shown at temperatures of 250, 350, 
620, 815 and 1070°C in Fig. 9. The 
figure shows some characteristic 
peaks, which can be assigned to a 
set of emitting molecular species. As 
the main species, CO, CO2, CH4, H2O, 
NH3 and CH groups can be identified. 
Furthermore, from the characteristic 
‘fingerprint’ range at 1300-1800 cm-1 
carbon acid anhydrides (aldehyde, 
ketone) and aromatic compounds are 
read out. In particular, the fingerprint 
range is covered with H2O spikes, so 
that further analysis of species is 
inhibited. 

The spectra taken at the same 
temperatures during delubrication of 
samples with Kenolube lubricant and 

Fig. 5 Mechanical properties of samples prepared by SPS with Constant Heat 
Rate (CHR) and with Rate Controlled Sintering (RCS) [1]

Fig. 9 Absorbance spectra for a sample with Kenolube 
lubricant at temperatures from 250 to 1070°C. At the 
typical wavenumbers of CO, CO2, CH4 and water, 
absorption peaks are observed. Furthermore, a distinct 
characteristic CH-group absorption peak is measured [2]

Fig. 10 Absorbance spectra for a sample with Kenolube 
lubricant and clean burn additive at temperatures from 
250 to 1070°C. At the typical wavenumbers of CO, CO2, CH4 
and water, absorption peaks are observed. Furthermore, 
a distinct characteristic CH-group absorption peak is 
measured [2]

Fig. 8 FESEM micrograph of sample sintered with Rate Controlled Sintering 
(RCS) - T-mode left: centre, right: edge of sample [1]

Fig. 7 FESEM micrograph of sample sintered with Rate Controlled Sintering 
(RCS) - F-mode left: centre, right: edge of sample [1]

Fig. 6 FESEM micrograph of sample sintered with Constant Heat Rate (CHR), 
left: centre, right: edge of sample [1]
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the clean burn additive are shown 
in Fig. 10. In general, the appear-
ance of single species is similar 
to the occurrence of molecules of 
the samples without the additive. 
Thus, CO, CO2, CH4, H2O, NH3 and 
CH groups can be identified as main 
species and carbon acid anhydrides 
and aromatic compounds are taken 
from the fingerprint range. However, 
the amplitudes of the peaks differ 
significantly, and, in particular, 
coverage of the fingerprint range with 
H2O is more pronounced.

From the spectra, the integrated 
absorbance peak areas of the main 
occurring species were calculated 
over the complete temperature 
range. The results are shown in 
Fig. 11. The left hand diagram gives 
the progress of the evolution of the 
gases CO, CO2, CH4, NH3, H2O and CH 
groups during heating of samples 
with and without the combustion 
aiding additive. In general, the clean 
burn additive containing samples 
show rather similar decomposi-

tion behaviour compared with the 
samples without such additives. All 
gases show higher concentrations 
at peak temperatures, when the 
additives are used. In the case of 
the CH4, H2O and CO2, pronounced 
increased absorption areas are 
shown, whereas only minor differ-
ences in the gas concentrations of 
CO occur. No significant differences 
of concentrations of CH groups are 
determined. 

Furthermore, some gases 
show significant shifts of the peak 
temperatures. The measurement 
of the CO2 concentration gives one 
peak at 370°C without the clean 
burn additive and two peaks at 255 
and 345°C with the additive. A minor 
shift is detected in the CH group 
curves, where samples without the 
clean burn additive show peaks at 
330 and 440°C and samples with 
the additive have maxima at 335 
and 430°C. No significant shifts are 
detected in relation to CH4, where 
a single peak at a temperature of 

600°C occurs in both cases. Simi-
larly, the peak temperatures of the 
CO curves both give two peaks at 
785 and 1050°C without the addi-
tive and 800 and 1050°C with the 
additive. 

The decomposition of the 
lubricant and the additives into 
aliphatic and aromatic hydro-
carbon compounds is shown in 
Fig. 11 in the right hand diagram. 
Indicated by the increased 
absorption areas, the formation of 
anhydride and alkene is increased 
when clean burn additives are 
used. In contrast, the formation of 
aromatic hydrocarbon compounds 
is inhibited. Here, the integrated 
absorption area is decreased 
significantly, when clean burn 
additive containing samples are 
heated. 

In the case of the aromatic 
compounds, the peak tempera-
tures do not change, with both 
maxima occurring at 340°C. The 
shape of the formation curves 

of anhydride is also not changed 
dramatically. Without the combus-
tion additive, the two peaks arise at 
270 and 450°C and the peaks with 
additive occur at 250 and 450°C. 
Finally, the decomposition into 
alkene is changed significantly. 
Instead of one peak at 310°C and 
a rather small peak at 495°C, two 
significant maxima at 230 and 340°C 
are detected, when samples with 
combustion additives are assessed.

The most striking effect of the 
clean burn additive was the addi-
tional maximum in CO2 concentra-
tion at 240°C, which coincided with 
an increased H2O peak. At this 
temperature, H2O and CO2 are the 
products of oxide reduction:

MeO + H2 -→ Me + H2O

MeO + CO -→ Me + CO2 

The overall conclusion to be 
drawn was that the main effect of 
the clean burn additive was the 
introduction of an additional reduc-
tion step involving the formation 
of water and CO2 at temperatures 
around 240°C. In addition, the 
decomposition of the hydrocarbon 
molecular chains into aromatic 
compounds was inhibited, thus 
reducing the risk of soot generation. 

Delubrication control 
system for batch processes

Finally, a poster, presented by 
Michael Graf (Linde AG, Germany), 
remained with the delubrica-
tion theme and discussed a newly 
developed delubrication control 
system for batch processes. The 
new system highlighted analyses an 
exhaust gas stream using a specially 
developed sensor. As soon as ‘reac-
tion partners’ are available (the start 
of the delubrication process), these 
reaction partners in the exhaust 
gas will react within the sensor. As 
soon as the delubrication process is 
completed, no further reaction part-
ners are provided. Both steps, the 
start and completion of delubrica-
tion, can be captured and recorded. 
The control unit can be connected 
with the furnace controller to start 

the next process step automatically. 
A schematic view of the system is 
shown in Fig. 12.

A predetermined amount of 
the process gas is mixed with an 
oxygen-containing gas, such as 
oxygen or nitrous oxide, to produce 
an analysis gas. A characteristic of 
the gas is evaluated depending on 
the determined oxygen content of the 
analysis gas. For this purpose, an 
evaluation unit is connected to the 
analysis system. The system provides 
a new possibility for easily evaluating 
characteristics of a gas/atmosphere. 
Depending on the specific composi-
tion of a gas, a specific chemical 
reaction of the gas and the oxygen-
containing gas will occur and the 
analysis gas will thus have a specific 
oxygen content. The oxygen content 
of the analysis gas enables conclu-
sions to be drawn about characteris-
tics, such as the composition of the 
gas, which depend on the phase of 
the delubrication process.

To ensure high temperatures at 
the sensor, the measurement pump 

is placed downstream of the oxygen 
determination unit. Also, a flow-
meter controls the degree of burn-
able media in the gas stream. The 
analysis system can be calibrated, 
for instance by means of test gases 
with a known composition. The test 
amount of the gas can be extracted 
from the furnace containing the gas. 
A constant stream of the gas can be 
mixed with the oxygen-containing 
gas and a constant stream of 
the analysis gas can be carried 
through the oxygen determina-
tion unit. Therefore, changes of the 
characteristics of the gas can be 
detected. An amount of the oxygen-
containing gas, which is mixed with 
the predetermined amount of the 
gas, is controlled depending on the 
determined oxygen content of the 
analysis gas. This amount of the 
oxygen-containing gas is preferably 
controlled such that the determined 
oxygen content of the analysis gas 
remains constant, enabling the 
drawing of conclusions regarding 
the gas characteristics.

Fig. 11 Emission of various molecular species vs furnace temperature. Black curves show the formation of gases in 
FeCuC samples with Kenolube lubricant, red curves depict the evolution of gases in samples with Kenolube lubricant 
plus clean burn additive [2]

Fig. 12 Schematic view of the analysing system [3]
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The benefits of this system are 
the accurate and reliable analysis of 
the completion of the delubrication 
process, the easy implementation 
and its independence from furnace 
parts. Moreover, there is no adjust-
ment of the furnace atmosphere 

necessary. Additional industrial 
sensors for CO, CO2, CH4, etc. can 
also be implemented to collect more 
process information.

The system has been tested, 
using green parts (Fig. 13) made 
from Höganäs pre-alloyed grades 

Astaloy CrA, with copper and graphite 
elemental additions and Intralube E 
binder, and Astaloy CrM with an EBS 
binder. Intralube E is a zinc-free lubri-
cant, which can only be purchased 
with premixes. 

 A tube furnace was used for 
the tests and nitrogen 5.0 (quality 
99.9990%) was used as a process gas 
medium to avoid oxidation. The flow 
rate was set at a level of three times 
the furnace volume.

Earlier projects at a Swedish 
university came to the conclusion 
that the recommended delubrica-
tion temperature for the Astaloy CrA 
premix is 450°C with low heating rates 
of 10°C/minute where decomposi-
tion of heavier hydrocarbons starts at 
270°C. In practice, the delubrication of 
these parts is done with a heating rate 
of approximately 30°C/minute.

However, the first tests conducted 
did not use these recommendations, 
but, instead, used a set temperature 
of 900°C and the highest possible 
heating rate. The results from these 
tests (Fig. 14, 15) show that the 
starting point and completion point of 
delubrication are clearly detectable. 
As soon as hydrocarbons and other 
burnable media are evaporated and 
delivered out of the furnace through 
the exhaust line, the oxygen sensor 
detects less free oxygen, since these 
products react with the available 
oxygen. Therefore, the mV-Signal 
of the oxygen sensor, in this case a 
lambda-probe, increases. In these 
tests, the oxygen value was measured 

Fig. 13 Astaloy CrA test samples (left) and Astaloy CrM test samples (right) [3]

Fig. 14 Analysed oxygen values during delubrication (test no. 1-2) [3]

Fig. 15 Analysed key values during delubrication (test no. 3) [3]

only with a stable flow of oxygen and 
air to prove the measurement system 
itself.

These first tests have shown that 
it is possible to detect the comple-
tion of the delubrication step in a 
reliable way. However, the tests were 
very much the pre-feasibility study 
of the project and further tests are 
to be carried out with the recom-
mended temperature and heating 
rates. Additionally, the exhaust gas 
will be analysed in parallel with a gas 
chromatograph to test the accuracy 
of the new analysing system. The 
system will also be tested with the 
controlled oxygen value, as discussed 
earlier. This will also make it possible 
to completely burn all hydrocarbons 
in the exhaust system to minimise 
environmental impact.

References

[1] Rate controlled sintering of 
binderless tungsten carbide, Juergen 
Hennicke et al., as presented at 
Euro PM2017, Milan, Italy, October 
1-5, 2017, and published in the 
proceedings by the European Powder 
Metallurgy Association

[2] Atmosphere study on the 
thermal decomposition behaviour of 
delubrication aiding additives, Peter 
Quadbeck et al., as presented at 
Euro PM2017, Milan, Italy, October 

1-5, 2017, and published in the 
proceedings by the European 
Powder Metallurgy Association

[3] Delubrication control system for 
batch processes, Michael Gra et 
al., as presented at Euro PM2017, 
Milan, Italy, October 1-5, 2017, and 
published in the proceedings by 
the European Powder Metallurgy 
Association

Author

Dr David Whittaker
Tel: +44 1902 338498
Email: whittakerd4@gmail.com

Proceedings

The Euro PM2017 Congress Proceed-
ings are available from the European 
Powder Metallurgy Association. The 
proceedings contain oral and poster 
papers presented at the congress.

www.epma.com

Euro PM2018

The Euro PM2018 Congress & 
Exhibition will take place in Bilbao 
Exhibition Centre, Bilbao, Spain, from 
October 14-18, 2018.

www.europm2018.com

86.5
86

85.5

85.5

84

85

85

82

84.5

84.5

80

84

84

78

83.5

83.5

76

83

83

74

82.5

82.5

72

82

82

64
66
68
70

81.5

O
xy

ge
n 

va
lu

e 
[m

V]

Time

Time

Time

O
xy

ge
n 

va
lu

e 
[m

V]

O
xy

ge
n 

va
lu

e 
[m

V]

Test No. 2

Test No. 3

Test No. 1

09:51

16:10

11
:3

5
12

:5
6

12
:5

9
13

:0
2

13
:0

3
13

:0
5

13
:0

8

13
:1

1
13

:1
4

13
:1

7
13

:2
0

13
:2

1
13

:2
3

13
:2

4
13

:2
5

13
:2

6
13

:2
7

13
:2

8
13

:2
9

13
:3

5
13

:4
6

16:18 16:25 16:32 16:38 16:45 16:51 16:58 17:02

09:56 10:01 10:06 10:11 10:16 10:21 10:26 10:32 10:38 10:45

Download back 
issues free of charge
www.pim-international.com

Euro PM2017: Optimising sinteringEuro PM2017: Optimising sintering

mailto:paul%40inovar-communications.com?subject=
mailto:paul%40inovar-communications.com?subject=
http://www.pim-international.com


Spring 2018       Powder Metallurgy Review 83© 2018 Inovar Communications Ltd

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

For solving certain tasks in science 
and technology, the density of the 
material is of crucial importance. 
Non-ferrous metals up to and 
including lead still have a rela-
tively low density. Tungsten, gold, 
uranium and platinum exhibit the 
highest values; however, due to 
their high commercial value, gold 
and platinum are seldom suit-
able to be used purely for their 
high density properties. The use of 
depleted uranium, of course, is not 
recommended mostly due to safety 
reasons.

Of these materials, tungsten 
is therefore often identified as a 
preferred option. However, pure 
tungsten is reportedly difficult to 
work with. Only a chipless formation 
at temperatures over 1000°C or a 
removal through grinding are said to 
be economical. The shape cutting of 
tungsten with the usual procedures 
requires great experience and can 
result in significant expense. 

High radiation absorption 
applications

EU Directive 2011/65/EU (RoHS 2) 
regulates the use of certain 
hazardous substances in electrical 
and electronic equipment. Lead is 

ranked at the top of the list, even 
above mercury and cadmium. Used 
as radiation shielding or for anti-
scatter grids due to its high atomic 
mass, lead is highly toxic and does 
not break down easily, which is why 
a weight proportion of only 0.1% 

Triamet: Tungsten based heavy metals

From its facility in Germany, Wolfram Industrie specialises in the production and 
processing of tungsten and molybdenum. Over the course of its long history, the 
company has amassed vast experience as a provider of a wide range of products 
from these materials, and its Triamet range is one such product. Well-suited to 
applications requiring a tungsten-based heavy metal, the company reports on the 
use of this alloy as an alternative to lead for high radiation absorption applications 
in the medical industry. 

Triamet: A tungsten based 
alternative to lead for 
high radiation absorption 
applications

Fig. 1 Compared to lead, which was frequently used for medical technology 
applications in the past, Triamet does not need any supporting structure due to 
its high strength (Courtesy of Wolfram Industrie)
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Powder Metallurgy 
processing 

While tungsten is normally difficult 
to process, it can be shaped into 
blanks using a Powder Metallurgy 
process. Subsequently these blanks 
can be processed further with little 
effort. 

In the production of Triamet, 
tungsten powder is mixed with iron 
and nickel or copper and nickel 
powders. Subsequent shaping is 
achieved either hydraulically, with 
binding agents and a press, or 
isostatically under pressure of 2000 
- 3000 bar. The former is suitable 
for smaller dimensions, the latter 
for large-scale components. The 
resulting green parts are sintered 
into semi-finished products in an 
electrically heated vacuum oven or 
in a reduced hydrogen atmosphere. 

Sintering process at 1500°C 
thanks to nickel and iron binder 

phase
All Triamet heavy metals are 
composite tungsten-based mate-
rials. The individual tungsten 
crystals here are not (as they are 
with pure tungsten metal) directly 
connected to the grain boundaries, 
but through a metallic bonding 
phase. The shape of the tung-
sten grain and the formation of 
the binders mainly depend on the 
temperature control during the 
sintering cycle. 

Wolfram Industrie uses a nickel 
and iron binder phase for the 
production of Triamet, added to 
the tungsten powder at the rate of 
3-10%. Nickel acts as a catalyst 
that accelerates diffusion processes 
on the surface of the tungsten 
powder and thereby reduces the 
sintering temperature by around 
1000°C. Subsequently, Triamet 
green parts are sintered at approxi-
mately 1500°C – in contrast to the 
2500°C required for pure tungsten 
parts – so that a unique micro-
structure with a spherical tungsten 
phase encased by the binder phase 
is formed.

is permitted in new electronic and 
electric equipment. It also has a low 
melting point of just 327°C, consti-
tuting an additional hazard in case of 
workplace fire. 

To address these issues, Wolfram 
Industrie, Bavaria, Germany, has 
developed an innovative, more 
environmentally friendly alternative. 
The company’s Triamet material is a 
heavy metal alloy based on tungsten, 
available with both an iron-nickel 

and a copper-nickel binder phase. 
Thanks to its high density and 
the resulting radiation absorption 
capacity, the dimensionally stable 
product shields against gamma 
radiation. 

Due to Triamet’s high melting 
point of over 1000°C, a temperature 
much higher than lead, the mate-
rial also meets the requirement for 
reducing the risk of melting in the 
case of a fire. 

Fig. 2 The lower the proportion of the binder phase, the higher the density will 
be – indicated here by the numbers G17 and G18. However, the ductility of the 
heavy metal also increases as the binder proportion rises (Image courtesy of 
Wolfram Industrie) 

Table 1 A summary of the key properties of Triamet grades G14 to G19

G17,5B S18 G18 G18B S18.5 G18.5 G19

Density [g/cm3] 17.5 ± 0.2 18 ± 0.2 18 ± 0.2 18 ± 0.2 18.5 ± 0.2 18.5 ± 0.2 18.8 ± 0.2

Tungsten content 
[wt.%] 92.5 95 95 95 97 97 98.2

Bonding phase Ni, Fe Ni, Cu Ni, Fe Ni, Fe Ni, Cu Ni, Fe Ni, Fe

Tensile strength 
[N/mm2] 760 -950 550 - 800 700 - 850 750 - 950 580 - 850 690 - 880 650 - 800

Elongation A5 [%] 5 - 25 1 - 5 2 - 6 3 - 25 < 3 < 3 < 2

Module of elasticity 
[kN/mm2] 340 - 360 340 - 360 350 - 380 350 - 380 350 - 370 360 - 390 360 - 390

Hardness [HV10] 280 - 330 290 - 340 290 - 340 290 - 340 290 - 340 290 - 340 300 - 350

Medium warmth 
expansion coef-
ficient (20 - 800°C) 
[10-6/K]

5.7 5.2 5.2 5.2 5.0 5.0 4.8

Magnetic proper-
ties coercivity 
[A/m]

weak ferromagnetic paramagnetic weak ferromagnetic paramagnetic weak ferromagnetic

230 3 220 250 2 - 3 210 200

Specific electric 
resistance 
[μΩ . cm] 

13 - 16 11 - 12 13 - 15 15 - 18 9 - 10 10 - 11 9 - 11

Triamet grades 

G14 S17 G17 G17B G17M S17.5 G17.5

Density [g/cm3] 13.9 ± 0.2 17.0 ± 0.15 17.0 ± 0.15 17.0 ± 0.15 17.2 ± 0.15 17.5 ± 0.2 17.5 ± 0.2

Tungsten content 
[wt.%] 71 90 90 90 90 92.5 92.5

Bonding phase Ni, Fe Ni, Cu Ni, Fe Ni, Fe Ni, Fe, Mo Ni, Cu Ni, Fe

Tensile strength 
[N/mm2] > 600 600 - 750 650 - 780 760 - 1000 700 - 950 600 - 800 650 - 850

Elongation A5 [%] < 5 2 - 6 2 - 8 5 - 30 2 - 8 2 - 5 2 - 8

Module of elas-
ticity [kN/mm2] - 310 - 330 320 - 340 320 - 340 350 330 - 350 340 - 360

Hardness [HV10] > 230 270 - 320 270 - 320 270 - 320 280 - 330 280 - 330 280 - 330

Medium warmth 
expansion coeffi-
cient (20 - 800°C) 
[10-6/K]

- 6.0 6.45 6.45 5.4 5.7 5.7

Magnetic proper-
ties coercivity 
[A/m]

-
paramagnetic weak ferromagnetic paramagnetic weak ferromagnetic

3 - 4 250 250 400 3 - 4 230

Specific electric 
resistance 
[μΩ . cm] 

13 - 16 11 - 12 13 - 15 15 - 18 9 - 10 10 - 11 9 - 11

Triamet G17 B

Triamet G18 B
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Fig. 3 A mixture of tungsten granulate and epoxy resin is used as a backing 
material in ultrasound heads (transducers) to minimise interfering acoustic 
reflections (Image courtesy of Christoph Droste /pixelio.de) 

A high density material
The density of a pore-free heavy 
metal is limited only by the propor-
tion of the bonding phase. The 
lower the percentage, the higher 
the density, up to a limit value 
near 19 g/cm3. With increasing 
binder content, on the other hand, 
the ductility of the heavy metal 
increases. The same is true for 
the elongation at fracture during 
tensile load and the compressa-
bility under pressure. The hardness 
of this material increases slightly 
with the density up to a maximum.

“Wolfram Industrie produces 
Triamet with a very high density,” 
states Dipl.-Ing. Wolfgang Jung, 
responsible for research and devel-
opment at Wolfram Industrie. It is 
declared at G19 and is about 18.8 
± 0.2 g/cm3. A maximum density 
of 19.3 can be achieved with pure 
tungsten – which in-fact is about 
8 g/cm3 higher than lead. The lower 
the proportion of the binder phase, 
the higher the density will be. With 
the G14 version of the product for 
example, the minimum density is 
13.9 ± 0.2 g/cm3. The properties 
of Triamet grades are shown in 
Table 1.

Diverse uses in medical 
technology

Triamet meets the requirements of 
ASTM B777 and, compared to lead 
which has typically been used for 
these applications in the past, does 
not need any supporting structure 
due to its high strength. 

Triamet is available as an S and 
G-material. The binder phase of 
the former consists of copper and 
nickel. It is paramagnetic and only 
weakly magnetisable, making it 
suitable for use in the proximity 
of stronger magnetic fields, for 
example in magnetic resonance 
tomographs. The binder phase of 
the G-material is made of iron-
nickel compounds and, in contrast 
to the S-material, is ferromagnetic. 

“Our material developments are 
based on a good mix of our empir-

ical experience and theoretical 
insights,” Jung explains. “Often, 
the idea for a new material or a 
new process emerges through 
cooperation with our customers. 
As a rule there are clear require-
ments here. Cooperation with 
universities is also very valuable to 
us for implementation.”

Ultrasound applications
A mixture of tungsten granulate 
and epoxy resin is used as a 
backing material in ultrasound 
heads (transducers) to minimise 
interference from acoustic reflec-
tions. Here the acoustic imped-
ance of the backing material is 
increased by adding tungsten. 

Radiation therapy
Triamet is used in radiation 
therapy to shield against hard 
gamma radiation. “Radioac-
tive seeds that are delivered 
to a tumour and subsequently 
removed during HDR brachy-
therapy can be stored in 
containers made of Triamet,” 
Jung explains. 

Shielding and containment
Shielding phials for radiopharma-
ceutical, used to reduce the radiation 
exposure of employees, constitute 
another possible application. Triamet 
is also suitable for isotope containers 
thanks to its dimensional stability, 
which ensures easy cleaning and 
sterilisation. 

Tungsten is atoxic and not envi-
ronmentally hazardous according 
to its RoHS conformity; therefore 
no coating is required. In addition 
to shielding elements for medical 
diagnostics and radiation therapy, 
Triamet can also be used as a mate-
rial for microprobes and electron 
microscopes. 

Alternative applications for 
Triamet

Automotive 
Aside from medical technology appli-
cations, Triamet is used as a counter-
weight or balancing weight in the 
automobile industry. It is also used 
in aluminium casting due to its high 
durability and extremely low wear. 

Mechanical engineering
In addition, the product is used in 
mechanical engineering and plant 
construction applications. With its 
high modulus of elasticity and the 
microstructure typical of sintered 
materials, Triamet has excellent 
damping characteristics, making 
it capable of considerably reducing 
vibrations. Compared to steel, 
Triamet workpieces with 340-390 
GPa have a modulus of elasticity 
almost twice that of the commonly 
used V2A steel with 200 GPa. This 
reduces deflection under the same 
load by 40%.

Conclusion

As a replacement for lead in 
numerous medical applications, 
tungsten based Triamet is a credible 
solution that can reportedly meet and 
exceed requirements. The material 
also has applications outside of the 
medical field, with properties that 
appeal to many sectors including 
automotive and engineering.

The material can be processed 
readily and economically, making use 
of Powder Metallurgy’s inherently 
efficient use of materials. Wolfram 
Industrie can supply both finished 
shaped parts and semi-finished 
products in the form of rods, plates 
and blocks. 

Wolfram Industrie

In 1911, Wolfram Drahtfabrik GmbH 
was founded in Berlin for the produc-
tion and processing of tungsten and 

molybdenum. It was renamed to 
Gesellschaft für Wolfram Industrie 
mbH in 1928 before the company 
relocated its registered office to 
Traunstein in 1943. 

The company significantly 
expanded its product range 
with the purchase of Bayerische 
Metallwerke GmbH in Dachau 
in 1991, and today there are 
currently fifty seven employees 
at the Dachau location and sixty 
three in Traunstein.

Fig. 4 The Triamet materials are used for example in gravity diecasting and 
high-pressure diecasting, for instance for the production of aluminium rims 
and cylinder heads (Image courtesy of Gesellschaft für Wolfram Industrie mbH) 

Contact

Dipl.-Ing. Wolfgang Jung, 
Gesellschaft für Wolfram Industrie 
mbH & Bayerische Metallwerke 
GmbH
Leitenweg 5, 
85221 Dachau, 
Germany

Tel: +49 8131 703-0
Fax: +49 8131 703-102
Email: info@wolfram-industrie.de
www.wolfram-industrie.de
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Powder Metallurgy Review magazine is 
exhibiting at and/or being distributed 
at events highlighted with the Powder 
Metallurgy Review cover image 

Pick up your free copy at PM 
related events worldwide

Event listings and Media 
Partners
If you would like to see your Powder Metallurgy related 
event listed in this magazine and on our websites, 
please contact Paul Whittaker:  
email: paul@inovar-communications.com

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

ceramitec 2018
April 10-13, Munich, Germany 
www.ceramitec.com 

Hannover Messe 2018
April 23-27, Hannover, Germany 
www.hannovermesse.de/home

rapid + TCT
April 23-26, Fort Worth, United States 
www.rapid3devent.com 

Ceramics Expo
May 1-3, Cleveland, United States
www.ceramicsexpousa.com

AMPM2018 Additive Manufacturing with 
Powder Metallurgy Conference
June 17-19, San Antonio, USA
www.ampm2018.org

POWDERMET 2018
June 17-20, San Antonio, USA
www.powdermet2018.org

Dritev - Drivetrain for Vehicles International 
Congress
June 27-28, Bonn, Germany
www.vdi-wissensforum.de/en/dritev/

World PM2018 
September 16-20, Beijing, China
www.worldpm2018.com

Euro PM18 Congress & Exhibition
October 14-18, Bilbao, Spain
www.europm2018.com

formnext
November 13-16, Frankfurt, Germany
www.formnext.com

@ formnext_expo 
# formnext

New ideas. New opportunities. New markets.
There are people who need you. So that ideas don’t remain ideas but become products. With your expertise.
Present yourself at formnext – the international exhibition and conference on additive manufacturing and
the next generation of intelligent production solutions.

Where ideas take shape.

International exhibition and conference
on the next generation of manufacturing technologies
Frankfurt, Germany, 13 – 16 November 2018
formnext.com
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