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   IMAGINATION DRIVES 
                               INNOVATION
                                                             THE FUTURE OF PM SOLUTIONS HAS ARRIVED!

         The potential of powder metallurgy is only 
         limited by one’s imagination…
   Hoeganaes Corporation, the world’s leader 
                                  in the production of metal powders, 
                                        has been the driving force behind 
                                      the growth in the Powder 
                                     Metallurgy industry for over 
                                    65 years. Hoeganaes has fueled 
                                  that growth with successive waves 
                                  of technology 
                                 which have 
                                expanded the 
                                  use of metal 
                                  powders for a 
                              wide variety of 
                             applications.
                            World Class 
                          Engineers and 
                          Scientists at Hoeganaes’ new Innovation 
                                Center in the USA develop new  
                                           products and processes that
                                                  move the state of the industry  
                                                     forward, spanning 
                                                     Automotive applications 
                                                 to Additive Manufacturing.
                                                 The Commencement of
                                                   melting and atomization
                                              operations in Bazhou, China 
                                       makes Hoeganaes Corporation
                             the �rst international-grade ferrous 
                     metal powder producer on the Chinese 
                mainland.  With production and mixing 
         facilities across North America, Europe, and Asia, 
  Hoeganaes serves our customers across the globe 
with the most advanced PM solutions.

MOBILE DEVICE APPS NOW AVAILABLE FOR DOWNLOAD
@HoeganaesCorp
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Cover image  
This fourth drive transmission 
gear from Sweden’s Höganäs 
AB has been developed to 
demonstrate the potential for PM 
in a six speed manual gearbox   

The global PM industry 
addresses future challenges  

In October the German city of Hamburg welcomed the 
international Powder Metallurgy community to the PM2016 
World Congress and Exhibition. During the five days of 
meetings and technical sessions organised by the European 
Powder Metallurgy Association, developments in every 
sector of the PM industry were discussed, new materials and 
equipment were introduced and the latest advancements in 
component design were presented to the world.  

What became clear from discussions with delegates and 
exhibitors is that the PM sector is certainly not idle in seeking 
opportunities for growth. Even with numerous threats to PM 
in traditional automotive markets, ranging from downsized 
engines to complete changes of powerplant, new openings do 
exist. Indeed, a special interest session on this topic took place 
at PM2016 and we report on some of the key issues discussed 
(page 35).

The digitalisation of manufacturing is seen as the next 
industrial revolution, changing the way industry operates and 
streamlining production processes. How far this will affect the 
PM sector is open to discussion, but, as revealed in our report 
on page 53, advances in processing and the acceptance of new 
technologies indicates that the PM industry is not going to be 
left behind in the digital industrial revolution.  

Of course, as with all technologies, not all aspects of the PM 
process are without challenges. For example, the joining 
of Powder Metallurgy components can sometimes be 
problematic, with issues such as porosity or contamination 
influencing the performance of a joint. Dr Cem Selcuk, 
describes the various joining techniques and highlights those 
suited to PM in his report beginning on page 61.

Paul Whittaker
Editor, Powder Metallurgy Review

http://www.pm-review.com
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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. 
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35  World PM2016: Trends in automotive 

powertrains and their impact on the future 
of PM applications

 A Special Interest Seminar at the World PM2016 
Congress focused on numerous issues affecting 
the automotive industry as it moves to more 
efficient and alternative power systems. This 
report looks at the PM technology that could still 
deliver competitive products for future automotive 
powertrains. 

47  World PM2016: Current status and future 
outlook for the global PM industry reviewed 
in Hamburg

 Updates on Powder Metallurgy industry trends in 
Europe, America and Asia provided much interest in 
the Plenary Session at the World PM2016 Congress. 
In this report we summarise the presentations 
made by the EPMA, MPIF and JPMA. 

53  World PM2016: Digitalisation of the PM 
industry on show in Hamburg

 As industry looks to streamline production 
processes through further digitalisation, talk of 
Industry 4.0 is high on the agenda. How it will 
impact the PM industry is still to be seen, but from 
interviews with a selection of exhibitors at the 
World PM2016 Congress it became clear that PM is 
embracing the digital age. 

  

61  Successful joining of PM components: 
Process choice and application

 Although an established practice, the joining of 
Powder Metallurgy components is not without its 
problems. Dr Cem Selcuk, Manager and Head 
of Brunel Innovation Centre, UK, describes the 
various joining techniques and highlights those 
suited to PM component production.   

67  Non-destructive evaluation for improving 
quality of Powder Metallurgy components

 Non-destructive testing is an important step 
to ensure the quality of the Powder Metallurgy 
components. Given the variety of techniques that 
can be employed, Dr Selcuk identifies the ones 
most suited to Powder Metallurgy applications.   

73  POWDERMET2016: Innovations in 
hardmetals processing and applications 

 Included in the conference programme at 
POWDERMET2016, Boston, USA, were technical 
sessions on hard materials and tungsten-
based materials. We report on a number 
of the presentations that discuss material 
developments, reducing environmental impact 
and high temperature applications.
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American Axle & Manufacturing 
Holdings, Inc. (AAM), and Metaldyne 
Performance Group Inc. (MPG) have 
announced that the companies have 
entered into a definitive merger agree-
ment under which AAM will acquire 
MPG for approximately $1.6 billion in 
cash and stock, plus the assumption of 
$1.7 billion in net debt.  The transaction 
has been unanimously approved by the 
boards of directors of both companies 
and is anticipated to close in the first 
half of 2017 subject to shareholder 
and regulatory approval and other 
customary closing conditions.

“AAM’s transformational acquisition 
of MPG brings together two comple-
mentary Tier 1 organisations to create 
a company with greater scale and 
increased diversity across products, 
customers and end markets,” stated 
David C. Dauch, AAM’s Chairman and 
Chief Executive Officer.

American Axle & Manufacturing 
announces acquisition of Metaldyne 
Performance Group

“MPG’s expertise in complex, 
highly-engineered powertrain 
components and its global footprint 
will be tremendous assets to AAM. 
We are excited about the powerful 
industrial logic in this combination 
that will allow us to create additional 
value for our customers and other 
key stakeholders.  Together, we are 
forming a company with increased 
earnings potential and enhanced cash 
flow generation that will allow us to 
rapidly reduce leverage while fuelling 
growth and delivering value to our 
shareholders,” added Dauch.

AAM is a world leader in the 
manufacturing, engineering, 
design and validation of driveline 
and drivetrain systems and related 
components and modules, chassis 
systems, electric drive systems and 
metal-formed products.  In addition 
to locations in the United States 

(Michigan, Ohio, and Indiana), AAM 
also has offices or facilities in Brazil, 
China, Germany, India, Japan, Luxem-
bourg, Mexico, Poland, Scotland, South 
Korea, Sweden and Thailand. AAM 
has approximately 13,000 employees 
globally.

MPG is a leading provider of 
highly-engineered components for use 
in powertrain and suspension applica-
tions for the global light, commercial 
and industrial vehicle markets. 
The company has a global footprint 
spanning more than 60 locations in 
13 countries across North America, 
South America, Europe and Asia with 
approximately 12,000 employees.

Under the terms of the agreement, 
each share of MPG’s common stock 
will be converted into the right to 
receive $13.50 per share in cash and 
0.5 share of AAM common stock. 
Upon closing of the transaction, AAM’s 
shareholders will own approximately 
70% of the combined company and 
MPG’s shareholders will own approxi-
mately 30%.

www.aam.com  
www.mpgdriven.com    
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ability to provide custom powders that meet your  

exact specifications makes us your ideal supplier.

Whether you need large or small batches, our  

proprietary manufacturing methods allow us to meet  

the most demanding and comprehensive specifications. 
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your capabilities, help you develop new applications  
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unique requirements, there’s only one name you  
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PM Tooling 
System 
The EROWA PM tooling system is 
the standard interface of the press 
tools between the toolshop and the 
powder press machine. Its unrivalled 
resetting time also enables you to 
produce small series profitably.
 
 

www.erowa.com

Quala-Die sold 
to Penn United 
Technologies
Quala-Die, Inc., St. Marys, Pennsyl-
vania, USA, a leading producer of 
tooling for the Powder Metallurgy 
industry, has been sold to Penn 
United Technologies, Inc. Terms of 
the transaction were not disclosed.

Founded in 1978, Quala-Die’s 
manufacturing facility is said to be 
one of the most efficient, modern 
and well-equipped operations in 
the powder compaction tooling and 
precision machining industry today. 
With approximately 95 employees, 
the company will continue to 
operate in St. Marys under the 
leadership of Richard and Dennis 
Schatz and their management 
team.

“We continue to see significant 
growth opportunities for powder 
metal applications across several 
industrial end markets segments,” 
stated Rick Schatz, Vice-President 
and COO of Quala-Die. “Quala-Die 
is very excited to partner with the 
highly motivated Penn United Team 
– this merger will greatly benefit 
Quala-Die’s employees, customers, 
vendors and the local community.”

Headwaters MB, an independent 
investment banking firm providing 
strategic merger and acquisition 
consultancy, advised Quala-Die on 
its sale to Penn United Technolo-
gies. “This partnership will bring 
tremendous growth as we expand 
our production capabilities and 
capacity and diversify our products 
and services. We appreciate the role 
Headwaters played in bringing our 
companies together,” stated Bill 
Jones, President of Penn United.

Len LaPorta, Managing Director 
at Headwaters added, “Quala-Die’s 
management team did a fantastic 
job positioning the company for 
success in the sector. Penn United 
is the perfect growth partner and I 
look forward to seeing the company 
grow and prosper.”

www.quala-die.com
www.pennunited.com    

New Chairman and 
CEO at Pometon 
Italian metal powder producer 
Pometon S.p.A, headquartered 
in Maerne, near Venice, Italy, has 
announced that Massimiliano Puddu 
di Sant’Andrea has been appointed 
as the company’s Chairman and 
CEO (Amministratore Delegato), 
succeeding Alessandro Pasetti.

Puddu di Sant’Andrea joins 
Pometon with experience as 

Managing Director in financial 
companies and investment funds in 
Dubai and New York in addition to his 
role of Owner and General Manager 
at J-Company, focusing in M&A and 
investment consulting as well as 
financial and HR turnaround.

“I am very excited to join this very 
motivated team and contribute to 
boost its potential in the international 
market, either through business 
expansion, JVs, and new challenging 
investments,” stated Puddu.

www.pometon.com    

mailto:paul%40inovar-communications.com?subject=
http://www.ametekmetals.com
http://www.erowa.com
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GKN Hoeganaes 
announces 
Southby as its 
new President
GKN Hoeganaes, part of the Powder 
Metallurgy division of GKN, has 
announced that Reid Southby has 
been appointed President, effec-
tive immediately. Southby joined 
GKN in 2014 as SVP Global Quality 
& Risk Management.  He has 
extensive experience from Magna 
Powertrain where he held the posi-
tion of General Manager, Precision 
Technologies and more recently 
the position of Executive Director, 
Global Quality. He holds a BSE in 
Industrial & Operations Engineering 
from the University of Michigan and 
an MBA from the Kellogg School 
of Management, Northwestern 
University.

“In an effort to continue driving 
our strategy and aligning the 
Executive Management Team to be 
successfully set up to focus on the 
future, I’m pleased to have Reid as 
the head of the global Hoeganaes 
business,” stated Peter Oberpar-
leiter, CEO of GKN Powder Metal-
lurgy.

www.hoeganaes.com    

Reid Southby is now head of the 
global Hoeganaes business

World PM2016 Congress & Exhibition 
took place at the Congress Centre 
Hamburg, Germany

Schulze named 
Chief Financial 
Officer of H.C. 
Starck Group
H.C. Starck has appointed Dr Dennis 
Schulze to serve as a member of the 
Executive Board and Chief Financial 
Officer of the H.C. Starck Group. 
Dr Engelbert Heimes will remain 
Chairman of the Executive Board 
of the Group on an ongoing basis. 
Schulze will replace Dr Matthias 
Schmitz, who is leaving the company 
to take on a new professional role.

Additionally, Dr Jan Lösch 
has been newly appointed to the 
Executive Management of H.C. 
Starck GmbH where he will serve 
as Managing Director responsible 
for Accounting and Controlling. Dr 
Jens Knöll will assume the position 
of the Chairman of the Executive 
Management of H.C. Starck GmbH in 
addition to his duties as Chief Oper-
ating Officer of H.C. Starck Group. 
Dr Michael Reiß remains member of 
the Executive Management of H.C. 
Starck GmbH.

Schmitz had informed the 
Supervisory Board of his decision not 
to extend his contract which was due  
end of 2016 and pursue opportunities 
outside the Group. He joined H.C. 
Starck Group in July 2014 as Member 
of the Executive Board and Financial 
Director. During this time, Schmitz 
made substantial contributions to 
the company’s further development, 
including the Group’s successful 
refinancing. “We sincerely thank 
Matthias Schmitz for all his hard 
work and dedication to the H.C. 
Starck Group. Amongst other, Mr. 
Schmitz played a crucial role in last 
year’s successful refinancing,” stated 
Engelbert Heimes, Chairman of the 
Executive Board of the H.C. Starck 
Group.

Schulze served as Chief Financial 
Officer of Douglas Group from 
2013 until 2016. Between 1999 and 
2012, he worked at The Carlyle 
Group, most recently as a Managing 
Director in Germany. “

www.hcstarck.com    

The German city of Hamburg played 
host to the World PM2016 Congress & 
Exhibition event, 9-13 October 2016. 
The ‘World Series’ event, organised 
and sponsored by the European 
Powder Metallurgy Association 
(EPMA), made for a truly international 
experience with participants attending 
from over sixty countries, including the 
Far East, Africa and the Americas.

The appeal of the World PM2016 
event meant that it attracted over 400 
oral and poster presentations and the 
EPMA reported a strong attendance in 
excess of 1900 participants. The event 
also included a sell-out exhibition with 
over 200 booths covering companies 
from all parts of the PM supply chain.

Dr Lionel Aboussouan, EPMA 
Executive Director, stated, “Hamburg 
will be well remembered within 
Powder Metallurgy circles for a 
positive and successful World PM 
event. We would like to thank all the 
EPMA supporters who, over the last 
five years, have helped to create a 

EPMA celebrates a successful World 
PM2016 Congress & Exhibition

first-rate World PM event in Europe. 
We would also like to thank our spon-
sors BASF, Höganäs AB, Linde AG, 
Makin Metal Powders UK, Rio Tinto 
QMP, SACMI Imola SC and Taylor & 
Francis Group; our Keynote speakers 
Oliver Schauerte, VW and Roland 
Käppner, ThyssenKrupp; the Technical 
Programme Committee and Michael 
Krehl, this year’s Congress Chairman.”

www.epma.com    
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avoid making any major mistakes. DSH is the industry’s most advanced, innovative Metal Injection Molding research 

and development facility. From equipment and process to knowledge and confidence, we’ll show you how to make it 
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Equipment List:

First Stage Debinding
Catalytic • Solvent • Water

Second Stage Debinding & Sintering 
2-Elnik MIM 3045T Furnaces
Usable Volume 117L Each

Hi-Vac Capable
1650° C Max Temp 

Lab Equipment 
Helium Pycnometer 
Carbon/02 Analysis 
Metallography Equipment

“How can I reduce my risk, and 
get my MIM company started?” 

“Do I have the right equipment?”

“Who can help with processing 
knowledge and has the right 

industrial experience?”
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O2 Investment Partners and Alpha 
Sintered Metals have announced their 
investment in Precision Compacted 
Components headquartered in Wilcox, 
Pennsylvania, USA. The transaction 
is the second investment by ASM 
this year, following the acquisition 
of Precision Made Products in 
May, 2016. Alpha Sintered Metals, 
Precision Compacted Components 
and Precision Made Products will 
remain individual entities, but together 
form Alpha Precision Group (APG). 
The founders of Precision Compacted 
Components remain equity investors 
through their investment in APG and 
the current leadership team will 
continue with their managerial and 
operational responsibilities.

Established in 1994, Precision 
Compacted Components (PCC) is a 

Precision Compacted Components 
acquired by Alpha Sintered Metals 
and O2 Investment Partners

producer of sintered metal products, 
used primarily in automotive Variable 
Valve Timing (VVT) and Variable Cam 
Timing (VCT) systems, with operations 
in Wilcox and St. Marys, Pennsylvania.

“PCC is a highly regarded supplier 
in the VVT/VCT market segment. Alpha 
Sintered Metals is primarily focused on 
providing products that are consistent 
with reducing emissions, improving 
fuel economy and enhancing engine 
performance, thus making PCC an 
ideal strategic fit. We are thrilled to 
add PCC and their VVT/VCT technology 
and expertise to the APG portfolio and 
look forward to expanded participation 
in this high-growth segment,” stated 
JoAnne Ryan, CEO of Alpha Precision 
Group.

Hugh Dornisch, co-founder and 
CEO of PCC, commented, “We found 

an excellent partner with ASM 
and believe that their expertise in 
high-temperature sintering coupled 
with extensive precision-machining 
and expanded material offerings 
are highly complementary to our 
business. The combination will create 
exciting opportunities for the future.”

“The PCC management team is 
highly respected within the industry 
and has worked closely with the Alpha 
management team in the past. We 
are very excited about the opportuni-
ties for growth created by bringing 
these three APG businesses together. 
In this case, one plus one plus one 
truly equals five for this family of 
businesses,” added Jay Hansen, 
Managing Partner of O2 Investment 
Partners.

www.o2investment.com
www.alphasintered.com
www.pccpm.com
www.pmp-tech.com    

ALD Vacuum Technologies
 High Tech is our Business

ALD Vacuum Technologies GmbH 
Wilhelm-Rohn-Strasse 35
D-63450 Hanau, Germany
Phone: +49 6181 307 0
Fax: +49 6181 307 3290
info@ald-vt.de | www.ald-vt.de

Superclean Spherical Metal Powder  
EIGA – Electrode Induction-melting Inert Gas Atomization

n Leading process for production of metal powder of  
 refractory metal, reactive metal, precious metal and  
 intermetallic alloys
n Superclean powder due to ceramic-free vacuum 
 induction melting
n Spherical powder morphology with high tap density
n  Melting and atomization without refractory consumable 
 crucible and without cold-wall crucible
n Compact unit for small production capacity
n Powder for shaped-HIP, MIM and metal AM 
 (Additive Manufacturing)

mailto:paul%40inovar-communications.com?subject=
http://www.ald-vt.de
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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

Hilti has announced that its leader-
ship teams of the Martin Hilti Family 
Trust and the Board of Directors of 
Hilti Group will be subject to changes 
at the occasion of the company’s 
Annual General Meeting on April 5, 
2017. The company has stated that 
Pius Baschera will take over from 
Michael Hilti as Family Trust Speaker 
and Heinrich Fischer will succeed 
Pius Baschera as Chairman of the 
Board of Directors. 

The Martin Hilti Family Trust is 
the sole shareholder of the world-
wide Hilti Group. It was established 
in 1980 with the objective of securing 
the successful development of the 
company and to ensure maximum 
continuity. This, it was stated, can 
only be achieved by timely succes-
sion planning for the leadership 
teams of the Trust and the Board of 
Directors. 

Hilti announces plans for changes to its 
top level leadership 

“Over the next few years, we will 
be faced with major generational 
change both at the helm of the Trust 
and the Board of Directors,” stated 
Michael Hilti. “By nominating the 
first non-family Trust Speaker and 
the first Chairman of the Board who 
has not had an operational role in 
the Group, we are taking yet another 
important step in our long-term 
succession process.” 

Michael Hilti will remain Trustee 
in the Martin Hilti Family Trust and 
member of the Board of Directors 
of Hilti Group. Furthermore, he will 
continue to be the spokesman and 
representative of the Hilti Family. 
As of April 2017, Pius Baschera will 
become a Trustee and Speaker of 
the Family Trust. Apart from this, 
he will continue to serve as ordinary 
member of the Board of Directors of 
Hilti Group. Heinrich Fischer who has 

been a member of the Board of Direc-
tors since 2007 will succeed Pius 
Baschera as Chairman of the Board.

“The decision to initiate the 
changes in the Trust and the Board 
of Directors were taken jointly by the 
Hilti family, the Trust and the Board 
of Directors. We are all convinced that 
this is the right decision to secure 
the long-term future and continuity 
of management in both the Trust and 
the Hilti Group,” stated Baschera.

www.hilti.com     

Michael Hilti will remain Trustee in 
the Martin Hilti Family Trust

Industry News

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


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

http://www.makin-metals.com
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We build atomizing equipment
for close-coupled and free fall gas atomization of 

Titanium • Inconel • Tool Steel •Aluminum 
and more

Toll material processing
Powder • Castings • Refining of reactive 
and refractory metals using cold crucible,  
ceramic and graphite furnaces

Arcast Inc.
www.arcastinc.com
sales@arcastinc.com

The European Powder Metallurgy 
Association (EPMA) announced the 
winners of its 2016 Powder Metal-
lurgy Component Awards at the 
World PM2016 Congress & Exhibi-
tion, Hamburg, October 9–13, 2016. 
The PM Structural Parts category 
was won by Stackpole International 
for the development of a planetary 
carrier. 

It was clear from the entries in 
this category that conventional press 
and sinter PM technology is contin-
uing to find new applications in many 
sectors, whilst replacing traditional 
manufacturing processes in others. 
This planetary carrier, manufactured 
by Stackpole International, was said 
to be an excellent example of the 
collaboration between teams with 
expertise in the Powder Metallurgy 
process and those working in auto-

motive transmission design. 
In conjunction with engineers 

at ZF, Stackpole helped define the 
engineering properties required for 
this application. Although not having 
overall design responsibility, Stack-
pole undertook the bench testing 
and established better options for 
material selection. The density of the 
spider section of the planetary carrier 
was reported to be 7.0g/cm³ and 
the guide late was 7.5g/cm³. Tensile 
strength was said to be 510 MPa and 
730 MP with hardness of 80 HRB and 
90 HRB, respectively.

The EPMA’s 2016 component 
awards were open to all members of 
the association. The Metal Injec-
tion Moulding category was won 
by Schunk Sintermetalltechnik 
GmbH for a 2C-Pin, the first serial 
part worldwide produced by the 

Metal Injection Moulding of two 
different materials. The award in 
the Hot Isostatic Pressing category 
was presented to Aubert & Duval 
for a hipped astroloy casing for a 
high speed turbine and the Additive 
Manufacturing category was won by 
Airbus Operations GmbH for a bionic 
partition developed for use in the 
Airbus A320. 

www.stackpole.com
www.epma.com    

Planetary carrier from Stackpole 
International wins EPMA component 
award

Working with engineers at ZF, Stack-
pole helped define the engineering 
properties required for this planetary 
carrier

mailto:paul%40inovar-communications.com?subject=
http://arcastinc.com/
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Magna International Inc. has 
announced that it will manufacture 
the new 5 Series for BMW Group 
at its contract vehicle assembly 
facility in Graz, Austria. The produc-
tion, which is expected to begin in 
2017, will be split with BMW Group’s 
manufacturing plant in Dingolfing, 
Germany.

“We are proud to continue our 
longstanding partnership with 
the BMW Group,” stated Günther 
Apfalter, President of Magna Europe 
and Magna Steyr. “The new collabo-
ration emphasises our customer’s 
continued trust in our contract 
manufacturing capability and our 
unmatched leadership position in this 
area.”

“In the last 15 years of our 
collaboration, Magna has proven to 
be a trusted partner with expertise in 

world-class production capabilities. 
Therefore, Magna is exactly the right 
choice to share production of our 
new BMW 5 Series,” added Oliver 
Zipse, BMW AG Board of Manage-
ment member for Production.

The successful strategic partner-
ship between Magna and the BMW 
Group began in 2001. Magna started 
manufacturing the BMW X3 in 2003, 
followed by the MINI Countryman in 
2010 and the MINI Paceman in 2012. 
The new BMW 5 Series will succeed 
the two MINI vehicles.

With new business awards from 
BMW and JLR starting production in 
2017 and a contract extension on the 
Mercedes-Benz G-Class, Magna’s 
Graz facility is expected to reach 
approximately 200,000 vehicles per 
year by 2018.

www.magna.com    

Magna to build new BMW 5 series at 
Austrian plant

Ford to triple 
component 
exports from 
Russia to Europe
Ford is reported to have plans to 
triple its shipments of automotive 
components from Russia to its Euro-
pean plants during the next three 
years. According to Hau Thai-Tang, 
Ford’s VP-Procurement, the number 
of Russian parts makers supplying 
EU automakers will increase from 
the current three to between 15 and 
20 by 2019. It was added that in value 
terms exports could increase by a 
factor of ten overall. Ford Sollers, 
the U.S. automaker’s joint venture in 
Russia, already exports alloy wheels, 
brackets and spark plugs from 
Russia to the EU, which are supplied 
to the automaker’s assembly plant in 
Germany and its UK engine factory.

www.ford.com    

Keystone® Powdered Metal Company

www.keystonepm.com

Raising the potential for powdered metal applications  

Keystone Powdered Metal Company | 251 State Street | St. Marys, PA 15857-1697 | Phone 814-781-1591
Email: kpm_sales@keystonepm.com

MPIF 2015GRANDPRIZE
AWARD 

MPIF 2014GRANDPRIZE
AWARD 

MPIF 2016GRANDPRIZEAWARD 

Driven by innovative thinking, Keystone has a solid reputation for bringing industry firsts to market.

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


www.hoganas.com/toolbox

The high 
precision 
toolbox

Our new high precision toolbox for customising Fe+Cu+C 

mixes is a proof of our constant search for solutions that will 

take powder metallurgy to the next level. Providing benefits 

such as  significantly  improved dimensional stability and copper 

distribution enables  production with extremely tight tolerances, 

minimum scrap and less machining. By being able to perfectly 

tailor the powder  composition we can meet the physical and 

mechanical demands of your specific application. The new high 

precision toolbox can help you take your PM production  

to formerly unseen levels by:

People said that it’s not possible  
to improve the dimensional stability  
of Fe+Cu+C mixes by 40%.  
Guess what, we just did it.”

Taking powder metallurgy to a higher level
• Improving powder flow and filling 
• Facilitating green handling 
• Improving dimensional stability
• Improving density and strength
• Facilitating machining 
• Reducing impact on the environment

http://www.hoganas.com/toolbox
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Your Gold 
Standard in Copper 

Infiltration

ULTRA INFILTRANT 
YOUR WROUGHT/WIRE INFILTRATION SOLUTION

NO RESIDUE     NO EFFORTS
NO EROSION   NO WORRIES

Call: +1 (888) 858 - 7255    Fax: +1 (317) 203 - 0888
1868 Corniche Drive, Zionsville, IN 46077 USA

www.ultra-infiltrant.com

A new era for hydrogen 
energy driven applications

Hydrogen is well known in the PM industry as a 
reducing atmosphere in the sintering of PM parts. 
However, during the opening Plenary Session of 
the World PM2016 Congress, Hamburg, Germany, 
October 9-13, Roland Käppner, head of business 
development at Thyssen Krupp Industrial Solutions AG 
in Germany, stated in his Keynote presentation that 
hydrogen is also likely to be a key candidate to meet 
our future energy needs in a cleaner, safer and more 
sustainable world. The aim with this presentation was, 
he said, to show that there could also be potential for 
the PM industry in the new era of hydrogen driven prod-
ucts, systems and solutions. 

Käppner said that renewable energy, if scaled up, 
could be as economic as fossil fuels. However, we 
must first overcome the fluctuating nature of renew-
able energy due to lack of sunshine or wind by creating 
efficient energy storage systems. Hydrogen is the most 
abundant element in the universe and is also a high 
density energy carrier. Water can be separated into 
hydrogen and oxygen by electrolysis and if this is done 
using renewable energy then the whole process is 

carbon neutral. Done on a large scale hydrogen produced 
by electrolysis can then be fed into the existing gas grid or 
stored safely in metal hydride tanks. It can also be used as 
a zero emission fuel for fuel cell drivetrains powering cars, 
buses, trucks, ships and submarines. Käppner gave the 
example of fuel cells (and electrolysers) already being used 
in the propulsion system of Thyssen Krupp built submarines 
used in the German navy. 

Fuel cell components can be produced by PM said 
Käppner and he showed one example of a fuel cell compo-
nent being made by metal Additive Manufacturing. Complex 
PM based fuel cells can offer the necessary flow fields 
required, he said, and can meet demands on corrosion 
stability. Micro fuel cells will also be required and metal 
additive manufacturing is also considered a potential route 
to manufacturing small complex shaped structures for this 
application. 

Hydrogen can be stored safely using metal hydride based 
on Mg, Fe-Ti and other alloy combinations using compacted 
powders, said Käppner. This is currently an expensive 
option but he believes this route will become economic 
for hydrogen storage, including for hydrogen needed for 
fuel cells in vehicles. Powder-based materials are being 
developed for catalysts for water electrolysis and the coat-
ings and membranes in the catalyst can also be made from 
powder, he said. He concluded by stating that the forecast 
quantum leap in materials and production technologies will 
open up a new era of hydrogen energy driven applications 
with great potential for Powder Metallurgy.

www.thyssenkrupp.com    

27 
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Fuel cell components may see some powder applications
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Our Cobalt Powder
Your Best Solution for 

Cutting Costs and
Improving Performance

NANJING HANRUI COBALT CO., LTD.

Recruiting for a Global Sales Manager, contact us: rt@hrcobalt.com

Email: info@hrcobalt.com
Visit us: www.hrcobalt.com

http://en.hrcobalt.com/
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Sandvik Hyperion has announced it will establish a new 
Carbide Research & Development Centre at its Can 
Tooling Competence Centre in Barcelona, Spain. The R&D 
Centre aims to employ researchers focused on devel-
oping next generation materials, products and process 
technologies to support the business.

The R&D Centre will be setup in 2017 through an 
investment of approximately 20 MSEK (€2,030,214) and 
will include a new laboratory building and a dedicated 
500 m2 office with state-of-the-art equipment. The 
R&D team will also have the responsibility to deliver 
new product development (NPD) opportunities, working 
closely with global engineering teams. For this purpose, 
two satellite centres will be setup with one in Barcelona 
and a second one in Michigan, USA. The NPD team will 
include additional engineers with specific competence on 
product design and carbide prototyping processes.

“The R&D Centre will serve as the core technology 
enabler, supporting a decentralised product development 
activity already operating in the production units. The 
new model is geared towards strengthening our ability 
to better serve customers with new products, increasing 

Sandvik Hyperion to 
build new R&D Centre for 
cemented carbide

the alignment with business needs and improving responsive-
ness,” the company stated.

Sandvik Hyperion is part of the Sandvik group and it 
specialises in the manufacture of can tooling for the two-piece 
metal containers from front-to-backend for the can making 
industry lines among other components and tools made from 
super hard advanced materials. Its manufacturing opera-
tions are fully integrated with advanced production in powder 
processing, sintering and finishing.

www.hyperion.sandvik.com    

Sandvik Hyperion’s Can Tooling Global Competence Centre 
in Barcelona, Spain

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

mailto:paul%40inovar-communications.com?subject=
http://www.gfms.com/content/gfac/s3r/en.html
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Widia introduces new 
indexable milling grade 
for titanium and other 
superalloys
Widia, a leading manufacturer of cutting tools and part 
of the Kennametal group, has introduced its WS40PM 
indexable milling grade for processing titanium and other 
superalloys. WS40PM´s cobalt-rich substrate is said to 
provide robust fatigue resistance and edge integrity, while 
the multiphase AlTiN-TiN PVD coating reduces tool wear. 
WS40PM is suited to a wide range of high-temp steel 
alloys, austenitic and PH stainless steels, nickel-based 
super alloys, such as Hastelloy and Nitronic, and titanium.

WS40PM was designed to meet the needs of the aero-
space, defence and medical industries, where titanium 
is used for everything from landing gear and seat tracks 
to lifesaving implants and surgical instruments. Testing 
results show, however, that WS40PM is suitable for far 
more than titanium. “Using an initial cutting speed of 
53 m/min we are seeing 25-35% productivity gains and 
consistent improvement in tool life, even when milling very 
tough materials like Ti-5553 and Super Duplex steels,” 
stated Mike Sperhake, EMEA-region Product Specialist for 
Widia. Widia offers a variety of coolant-fed cutter bodies 
such as shell mills, shoulder cutters, end mills and more, 
all able to accept WS40PM and other indexable milling 
insert grades.

“From Tier 1 aerospace suppliers to the job shop on 
the corner, everyone wants the same things from a tooling 
solution: higher accuracy, better surface finish, reliability 
and productivity. All are critical factors to their success 
and that´s what we intend to deliver. WS40PM is a big part 
of that,” added Sperhake.

www.widia.com    

ASCO Sintering Co., headquartered in Commerce, 
California, USA, has announced the appointment of Carlo 
Coenraad as its Sales Manager for Africa at the company’s 
new office in Cape Town, South Africa.

Coenraad has over 25 years of experience in the preci-
sion tooling and engineering sectors in Africa, including 
the management of a sintering plant that produced custom 
parts for South African and European companies requiring 
high strength precision sintered components.

ASCO Sintering manufactures a wide range of compo-
nents to six sigma quality levels for sectors that include 
the automotive, aerospace, lock hardware, lawn/garden, 
medical device, recreational tools and defence industries. 

www.ascosintering.com    

ASCO Sintering opens sales 
office in Cape Town

Industry News

Performance Ingredients
Functional Chemicals

E: functional.chemicals@lonza.com
T: + 1 201 316 9200 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

Visit us at World PM2016 Stand #43 to learn more about 
Acrawax® products for your lubricant needs.

Powder Metal Lubricant
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Servo-motorised electric powder 
compacting presses equipped with 
electrical drives for pressing forces 
up to 150 kN have gained significantly 
in use in the PM industry since their 
first introduction by Dorst Technolo-
gies of Kochel-am-See, Germany, 
at Ceramitec 2009 in Munich. Their 
success lies in their ability to achieve 
the highest dimensional precision at 
the maximum stroke rate of the press 
when producing relatively small 
parts such as hard metal cutting 
tool inserts and structural PM parts. 
Additional advantages are their green 
qualities such as minimum energy 
consumption, low noise (typically 
less than 65 dB) and the absence of 
environmentally critical fluids such 
as hydraulic oil. 

Dorst has, however, seen demand 
for even greater precision in the 
height tolerances of small green 
compacts to lower than ±0.05 mm, 
and this has led to the development 
of a new powder press (Fig. 1) which 
was on working display at the World 
PM2016 Exhibition in Hamburg, 
Germany. Lutz Lackner of Dorst 
stated in a presentation that the new 
presses are available with a pressing 
force of 60 kN and 120 kN and are 
designated EP6/12 – Flashspeed. 
They are said to offer four closed-
loop controlled movements for upper 
punch, die, core rod and powder filler 
with each of these capable of posi-
tioning the axes within ±0.001 mm 
(1 µm). 

Lackner reported that this level of 
accuracy results from the optimum 
stiffness and rigidity of the closed 
frame which comprises four columns 
carrying the linear guiding for the 
upper punch and the die. This axial 
rigidity minimises the unavoid-
able elongation of the press during 
powder compacting leading to better 
accuracy, said Lackner. The highly 
dynamic electric servomotors allow 
stroke rates of more than 200 spm 
with each stroke able to maintain 
the positioning accuracy of the axes 
to the level described above. The 

New servo-electrical powder press 
introduced by Dorst at World PM2016

compact design of the new press 
requires a footprint of only 2 m2 , 
stated Lackner, with a height of only 
2.2 m and an operating height of 
1.35 m. 

One of the features of the new 
electrical EP6/12 presses is that the 
filling hopper is arranged above the 
press centre. This is said to ensure 
a steep angle of the powder hose 
and therefore gives a reliable flow 
of powder into the tool cavity. It also 
allows mounting two lateral filling 
hoses, one on each side of the filling 
shoe, ensuring optimum powder flow 
into the tool cavity, even at half the 
filling time. By further minimising 
the height of the filling shoe, it is 
possible to reduce travel of the upper 
punch, thereby giving an additional 
boost to the production rate. 

The EP12 press on working 
display in Hamburg also featured the 
new Dorst Speedfill system which 
is said to further boost production 
rate in powder compacting (Fig. 2). 
Lackner stated that in a normal die 
filling cycle the filling shoe usually 
moves forward and backward over 
the die cavity. The retraction of the 
filler is not needed for the purpose 
of the die filling, but is necessary 
to provide the space for the upper 
punch movement. In order to save 
time within the compaction cycle, 
Dorst successfully managed to 
reduce the filler travel significantly, 
by only moving in one direction for 
die filling and then compacting the 
powder. Thus the compaction cycle is 
now as follows: filler forward – upper 
punch down / compaction – filler 
backward - upper punch down / 
compaction – and so on. Lackner 
said that this oscillating movement 
reduces filling cycle time by almost 
half and thus increases the stroke 
rate. The EP12 press on display was 
programmed and monitored using 
the Dorst Visualisation System/Dorst 
Control System (DVS/DCS®) which 
has proven successful for many 
years on closed-loop controlled 
presses.

From results of production tests 
on the new EP6/12 presses Lackner 
reported that cemented carbide 
pins normally produced in multi-
cavity tools on a mechanical powder 
press at 26 spm achieved a rate of 
85,000 pieces/hour. The production 
rate on an EP12–Flashspeed press 
was significantly higher at 45 spm 
achieving an output rate of 149,000 
pieces/hour. In another example 
small structural PM parts, weighing 
just 2.212 g each and which needed 
to be produced to height tolerance 
of ±0.03 mm using double cavity 
tooling, could be compacted in an 
EP12-Flashspeed press at a produc-
tion rate of 85 spm thus manufac-
turing around 10,000 pieces/hour. The 
new Speedfill system with two hoses 
arranged on opposite sides of the 
filling shoe contributed greatly to the 
constant and uniform powder fill of 
the double cavity tool.

www.dorst.de     
 

Fig. 2 Dorst Speedfill system reduces 
die filling time by almost half 
compared with conventional powder 
filling systems

Fig. 1 New high productivity servo-
electrical press EP12-Flashspeed
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Advantage Metal Powders, Inc., a 
specialist supplier of virgin and remill 
metal powder mixes, has installed 
a new 60,000 lb (27,215 kg) powder 
blender at its facility in Ridgway, Penn-
sylvania, USA. Supplied by Sinterite, a 
Gasbarre Furnace Group Company, the 
blender consists of an opposed/double 
cone design with a maximum metal 
powder volume of 450 ft3 (12.7 m3) and 
allows for a consistent blend in larger 
lot sizes.

The cones themselves are made of 
carbon steel, fabricated on-site at the 
Sinterite facility. The unit operates on 
a 200 HP motor with a gear to gear 
drive train and features a cycle timer, 

Advantage Metal Powders expands 
powder blending capacity

adjustable speed control and variable 
speed reducer. It is accompanied by a 
steel access platform, which was also 
fabricated at the Sinterite facility.

Advantage Metal Powders, Inc., 
supplies virgin powder metal mixes 
and remilled blends. Independently 
owned and operated, AMP has over 
25 years in material processing and 
blending. The company delivers 
multiple blend types for the automotive 
and non-automotive markets.

In addition to its line of custom 
continuous belt and batch industrial 
furnaces, Sinterite manufactures fabri-
cated alloy and mild steel products, 
providing a wide range of fabrication 

Plansee has announced it is offering a 
range of new hot zone systems suited 
for high temperatures over 1,000°C. 
Three newly developed equipment 
packages are said to cover the 
differing requirements of plant opera-
tors. In addition, an online configurator 
now gives potential buyers immediate 
access to prices, energy consumption 
values and equipment features.

In a furnace, the hot zone is crucial 
for the temperature distribution, the 
cleanliness of operations and the 
energy consumption of high-tempera-
ture processes. Plansee states that it 
does not support the one-size-fits-all 
approach and has therefore developed 
its Basic, Premium and Enerzone hot 
zone packages that are specifically 
designed to meet differing customer 
requirements.

“Our engineers have listened very 
carefully to the customers – leading 
furnace manufacturers as well as end 
users – and have taken into account 
all of their requirements in the new 
hot zones. Every nozzle, shield and 
shielding layer has already proved its 
value in practice,” stated Dr Bernd 
Kleinpass, who is responsible for the 

Thermal Processes Market Unit at 
Plansee.

In the Basic hot zone package the 
main materials are pure molybdenum 
and steel. This package is designed for 
moderate application conditions and 
frequency of use.  The Premium hot 
zone includes various design features 
and a number of material alloys that 
permit a particularly long service life 
and dimensional stability. Even after a 
very large number of cycles and at very 
high temperatures, it is reported that 
there is no deformation or cracking 
evident.

Plansee recommends its Enerzone 
package to customers who place 
the most exacting demands on their 
furnaces. This system is said to excel 
through its long-term durability and 
offers unrivalled energy-efficiency 
thanks to many additional layers of 
shielding and its lightweight construc-
tion. “The same applies to hot zones 
as it does to cars: The right equipment 
depends on the way you want to use 
it. ‘Basic’ is the hot zone for the daily 
drive to work and ‘Enerzone’ is the 
sports car for the highest perfor-
mance,” added Kleinpass.

Plansee hot zones are available 
for new systems or as replacement 
units. A state-of-the-art simulation 
procedure also makes it possible to 
test how the hot zones will function 
during live operation before they are 
used in production. Plansee stated 
that this service is of vital importance 
to customers whose processes push 
their hot zones to the very limits.

www.plansee.com/hotzones 

Plansee’s hot zone packages that are 
specifically designed to meet differing 
customer requirements

capabilities from powder processing 
to parts handling to custom projects. 
Sinterite’s manufacturing facility is 
located in St. Marys, Pennsylvania.

www.sinterite.com
www.advantagempi.com    

Advantage Metal Powders has installed 
a new 60,000 lb powder blender at its 
facility in Ridgway

Plansee offers range of new high 
temperature hot zones
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Structural Powder Metallurgy parts 
have played a key role in automobile 
production for several decades with 
around 80% of global PM part produc-
tion finding its way into automotive 
drivetrains, manual and automatic 
gearboxes, braking systems, chassis, 
etc. However, because many of these 
PM parts are often hidden in larger 
assemblies and are supplied by Tier 2 
and Tier 3 manufacturers, there is 
often a lack of knowledge among 
automotive design engineers as to the 
true potential of PM technology in this 
important sector.

It was, therefore, of great interest 
to have Dr Oliver Schauerle, Head 
of Materials Research and Manu-
facturing Processes, at Volkswagen 
AG (VW) in Germany, speak at the 
opening Plenary Session of the 
World PM2016 Congress, Hamburg, 
Germany, October 9-13, on how VW 
sees the future for PM in automobile 
production. Schauerle stated that the 
VW group produces around 38,500 
vehicles per day covering 12 different 
vehicle brands at 119 manufacturing 
sites around the world. He acknowl-
edged that VW has not been directly 
involved in developing applications 
for PM which he stated was under-
taken in the main by its suppliers. 
He believed, however, that there 
were opportunities to enhance PM’s 
usage at VW in a number of areas, 

but emphasised that the PM industry 
must also adapt to the growing trend 
of the use of databases for materials 
selection. These databases are being 
used to accelerate the development 
of lighter and/or stronger materials 
used throughout the vehicle in order 
to meet future fuel consumption 
targets and emissions regulations. 
Schauerle said that it was no longer 
acceptable to spend ten years devel-
oping a new material followed by 
several years of approval before they 
are accepted into vehicles. He said 
that the speed of materials develop-
ment will be dramatically increased 
by the use of quantum mechanics 
using high powered computers to 
simulate manufacturing processes  
and to predict materials properties 
and behaviour in specific applica-
tions. 

Schauerle stated that VW is 
looking at new processes such Metal 
Injection Moulding and metal Additive 
Manufacturing for advanced applica-
tions. The company is also evalu-
ating new electric motors containing 
high performance sintered NdFeB 
permanent magnets and iron-base 
soft magnets made by PM and also 
PM-based fuel cell interconnec-
tors. Metal additive manufacturing 
appears to have a bright future at VW 
not only for developing new types of 
functional and weight saving designs, 

but also for manufacturing hybrid 
components where additive manufac-
turing (AM) is used to create addi-
tional functional features onto cast 
or forged components with materials 
such as prealloyed steel 1.2709 
powder – a martensite hardening 
steel having very good toughness 
properties. Dr Schauerle said that the 
current price for a fine steel powder 
in this grade of steel and suitable 
for AM is around €80-100/kg. This 
he said is too high and VW is looking 
to broaden the usable particle size 
distribution in Selective Laser Melting 
(SLM) in order to lower powder costs.

The ongoing trend to make vehicle 
producers meet increasingly strin-
gent fuel consumption and emissions 
targets by 2025 will mean that the 
automotive companies will be forced 
to introduced new, more efficient 
drivetrains and combinations of 
internal combustion engine and elec-
tric motors or fuel cells. This, said Dr 
Schauerle, can create opportunities 
for some PM industry sectors such 
as producers of high performance 
NdFeB magnets and soft magnetic 
iron powder composites to replace 
electromagnetic steel sheet in new 
electric motors. Some 18.5 million 
tonnes/year of electrical steel sheet 
are produced of which 81% is non 
grain oriented, 14.5% grain oriented, 
and 4.5% miscellaneous. PM also has 
potential to produce the interconnec-
tors for fuel cells, he said.

www.volkswagenag.com    

Volkswagen looks to Powder 
Metallurgy for advanced applications

Coating 

Additive Manufacturing:  

 

Powder metallurgy 

Powder based 
technologies in 

automotive applications 
and production 

► Topology optimized light weight 
construction 

► Integration of functions 
► Optimization of functions  
► Repair 

► Wear resistance 
► Protective coating for thermal load 
► Repair 

Current applications: 
► Gearbox parts  
► Engine parts 
Brake system 
 
Future applications 
► E-Motor: high-performance magnets 
► Fuel cell: Interconnector,  

H2- storage 
► Battery:  Anode, Cathode 
 

Metal injection molding – MIM 

 ► Geometrically complex components 
► Cost effective at high lot sizes 

Powder-based technologies in automotive applications
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The European Powder Metallurgy 
Association (EPMA) announced the 
winners of its 2016 Powder Metal-
lurgy Thesis Competition during the 
World PM2016 Congress & Exhibi-
tion, Hamburg, October 9–13, 2016.  
The winner in the Doctorate category 
was Dr Elena Bernardo Quejido for 
her thesis on ‘Optimisation of Liquid 
Phases for Sintering Low Alloy 
Steels: Effect on Microstructure 
and Dimensional Control’, which 
was completed at the Universidad 
Carlos III de Madrid, Spain.

The Masters winner was Uriel 
Tradowsky for his thesis ‘Selective 
Laser Melting of AlSi10Mg: Influence 
of Post-Processing on the Micro-
structure and Mechanical Proper-
ties’. Tradowsky completed his thesis 

EPMA announces 
thesis competition 
winners at World 
PM2016 Congress

whilst studying at the Technical 
University of Berlin, Germany, and 
the University of Birmingham, UK.

Both winners were awarded their 
prizes, sponsored by Höganäs AB, of 
cheques for €1000 and €750 for the 
Doctorate and Masters categories 
respectively.

The EPMA has organised a 
Powder Metallurgy Thesis Competi-

Dr Elena Bernardo Quejido, received 
the Doctorate Award from Philippe 
Gundermann, EPMA President

tion, at both Masters and Doctorate 
levels, every two years since 1998. 
The aim of the competition is to 
develop interest in and to promote 
Powder Metallurgy among young 
scientists at European academic 
institutions and to encourage 
research at undergraduate and post-
graduate levels.

www.epma.com     

Uriel Tradowsky (right), received 
the Masters Award from Philippe 
Gundermann, EPMA President

INTELLIGENCE 
IN 

GRAPHITE

PIMP YOUR  
GRAPHITE
ENHANCED GRAPHITE POWDER  
BY FUNCTIONALIZATION THROUGH  
PATENTED PLASMA PROCESS.

www.gk-graphite.com
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ASTM International has published an 
updated version of its Standard Guide 
for Steam Treatment of Ferrous 
Powder Metallurgy (PM) Materials, 
ASTM B935 – 16. Developed by 
Subcommittee: B09.05, the guide is 
intended as an aid in establishing 
and maintaining a procedure for the 
steam treatment, also referred to as 
steam blackening, of sintered ferrous 
PM materials and the appropriate 
use and evaluation of these mate-
rials.

The performance and quality of 
steam treated materials depends 
upon the surface cleanliness of the 
material prior to steam treatment 
and the adequacy of the processing. 
Steam treatment can be used as 
a decorative coating, producing a 
blue-grey to a blue-black appear-
ance. It can reduce the suscepti-

bility of ferrous PM materials to 
further oxidation and corrosion, thus 
providing better shelf life.

More significantly, improvements 
in apparent hardness, compressive 
strength, wear characteristics and 
some mechanical properties can be 
observed due to steam treatment. 
The hardness of magnetite (Fe3O4) 
formed during steam treatment is 
typically equivalent to 50 HRC and 
when present in sintered materials 
wear resistance can be improved 
significantly.

Steam treatment is also used to 
seal parts or provide a base material 
for additional coatings. Steam treated 
ferrous PM materials are used in 
many industries, including automo-
tive, marine, home appliances and 
lawn and garden applications.

www.astm.org    

Standard Guide for Steam Treatment 
of Ferrous Powder Metallurgy Materials 
available from ASTM

Solar Atmospheres, Pennsylvania, 
USA, has announced that the 
company’s CEO, William R Jones, 
has been presented with an ASM 
Distinguished Life Membership 
Award. The award is conferred 
on those who have devoted their 
time, knowledge and abilities to 
the advancement of the mate-
rials industries. The award was 
presented for innovations in the 
field of vacuum furnace technology 
and applying this technology to 
enhance metallurgical thermal 
processes around the world.

Jones founded Vacuum Furnace 
Systems Corporation in 1978, 
Solar Atmospheres in 1983, Solar 
Atmospheres Manufacturing in 2002 
and VPS, a vacuum pump service 
and rebuild company, in 2016.

www.solaratm.com    

William Jones 
receives ASM 
Award
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BorgWarner, headquartered in 
Auburn Hills, Michigan, USA, has 
announced it broke ground for a 
new wholly owned production plant 
in the Eastern Seaboard Industrial 
Estate of Rayong, Thailand. The 
6,500 m2 facility will produce 
turbochargers for a wide range of 
global automakers based in Asia.

“Thailand is a very important 
manufacturing base for Asian 
automakers. Our newest production 

BorgWarner breaks ground for new 
turbocharger plant in Thailand

Lightweight Innovations For Tomorrow 
(LIFT) is a US public-private partner-
ship based in Detroit, USA, focused on 
the development and deployment of 
advanced lightweight metal manu-
facturing technologies. Together with 
advanced materials supplier Materion 
Corporation, Mayfield Heights, Ohio, 
university researchers and industry 
experts, a two-year project to develop 
more cost-effective means to manu-
facture lightweight aluminium metal 
matrix composites (MMCs) has been 
launched.

The initiative will examine the 
consolidation and metalworking 
methods necessary to fabricate 
advanced mechanically alloyed 
Powder Metallurgy derived MMC’s 
for use in large-scale automotive and 
aerospace platforms. To help reduce 
current costs of producing MMCs, 
the project team will explore alterna-
tives to the Hot Isostatic Press (HIP) 
manufacturing process in which 
powders are compressed into solid 
materials by simultaneously applying 
isostatic high pressure and tempera-
ture. The team expects alternative 
processes to reduce production 
time and costs while still meeting 
high specific modulus and strength-
to-weight ratio required by today’s 
aerospace and automotive industries. 
One component of the project will be 

The project will identify methods 
necessary to fabricate advanced 
mechanically alloyed PM derived 
MMC’s for automotive and aerospace 
applications

LIFT and Materion launch project to 
focus on lower-cost aluminium MMCs

the investigation of several product 
forms, including extrusions, 3D near-
net-shape HIP, press and sinter parts 
and thin sheet. As a result, reduced 
production costs should allow these 
MMCs to be a more viable choice 
for additional industrial automotive 
and aerospace products in the short 
term and additional transportation 
platforms in the future.

Along with Materion Corporation, 
the primary investigator, the project 
team includes industry members 
Boeing, Lockheed Martin and GKN. 
Academic research partners include 
Case Western Reserve University, 
Pennsylvania State University, the 
University of Tennessee and the 
Massachusetts Institute of Tech-
nology, and governmental partner 
Oak Ridge National Labs.

“As a global engineering company 
serving both aerospace and vehicle 
manufacturers, we see real poten-
tial in Powder Metal Aluminium 
Metal Matrix Composites for light-
weighting in many transportation 
applications,” stated Alan Taylor, Vice 
President of light weight technology 
for GKN Powder Metallurgy.

LIFT, one of the founding 
members of Manufacturing USA, 
will manage the project. “Helping 
our members take a light-weighting 
idea that has had some success on 

a small scale and helping ramp it up 
to be mass produced on a large scale 
is at the core of what we do at LIFT,” 
stated Alan Taub, Chief Technology 
Officer at LIFT. “This project will help 
us deliver a new way of consolidating 
powder to the marketplace for use in 
a wide array of industrial products.”

At the end of the project the 
team will validate the new manufac-
turing processes through a series of 
production trials for the components 
as defined by the industry partners. 
The initiative will also work to develop 
the capacity for high-volume produc-
tion to meet the demands of the 
aerospace and automotive materials 
markets.

www.lift.technology
www.Materion.com    

plant is strategically located to 
serve our customers with localised 
manufacturing,” stated Frederic 
Lissalde, President and General 
Manager, BorgWarner Turbo 
Systems. “We are very excited to 
announce the opening of this facility 
to meet growing demand from our 
customers.”

BorgWarner executives, govern-
ment officials and building contrac-
tors attended a traditional ceremony 

to wish prosperity and success for 
the new facility. Construction is 
expected to be completed in May 
2017.

www.borgwarner.com    
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Through its Kanthal brand, Sandvik 
offers an extensive selection of 
heating technology products and 
services suited to Powder Metal-
lurgy applications. The Kanthal 
business, fully incorporated into the 
Sandvik Group in 1997, is regarded 
as one of the group’s most valuable 
brands. In order to further strengthen 
the brand in the market place, it 
was announced that it will now be 
endorsed as ‘Part of Sandvik Group’ 
and the brand identity will be updated 
accordingly.

“We want our customers to 
know that the Kanthal® brand is 
a world leader within the heating 
technology segment. There is great 
growth potential for the brand both 
geographically and within new appli-
cation areas,” stated Nicklas Nilsson, 
Vice President Sandvik Materials 
Technology.

Sandvik offers range of heating 
technology solutions through its 
Kanthal brand

“Until now, the relationship 
between Kanthal® and Sandvik has 
been communicated by using both 
logos. From now on we will use the 
Kanthal® logo together with the 
endorsement ‘Part of Sandvik Group’ 
when communicating and promoting 
the brand. This will both clarify the 
relationship and strengthen the 
Kanthal® brand further,” added Minna 
Rodling, Brand Manager Sandvik 
Group.

Kanthal APMT is an iron-chro-
mium-aluminium (FeCrAl) powder 
metallurgical dispersion strengthened 
alloy used for structural parts in high-
temperature applications in the range 
of 800 to 1300°C. The material offers 
a unique combination of strength and 
corrosion resistance and is suitable 
for structural parts such as nozzles, 
flanges, furnace rollers and retorts.

www.kanthal.com    

COST-EFFECTIVE GAS SUPPLY
Providing an alternative solution for end-users of industrial gases, HyGear developed cutting-edge 
technologies of on-site gas generation systems. With the combination of the systems and conventional 
gas distribution methods, we offer the most cost-effective and reliable supply method with a guarantee 
of 100% up-time. HyGear offers flexible financing contracts based on equipment lease and pay-per-use 
so our customers can benefit from our technology without having to invest in the equipment.

ADVANCED GAS 
RECOVERY SYSTEMS

FLEXIBLE SUPPLY OF 
NITROGEN & OXYGEN

ON-SITE & RELIABLE 
HYDROGEN SUPPLY

www.hygear.nl sales@hygear.nl +31 88 9494 300

Zenyatta to 
provide testing 
samples of high-
purity graphite

Following the recent announcement 
of a pre-feasibility study on its Albany 
graphite project located in northern 
Ontario, Canada, Zenyatta Ventures 
Ltd. has announced it has success-
fully produced a larger market 
sample designed to provide samples 
to various global corporations and 
academic institutions for applica-
tion testing under a non-disclosure 
agreement.

Previous test work on small 
market samples are reported to have 
successfully confirmed the Albany 
graphite to have a very good crystal 
structure (hexagonal) with a very 
desirable purity and particle size for 
various applications such as lithium 
ion batteries, fuel cells, Powder 
Metallurgy and graphene production.

www.zenyatta.ca    
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Fachmetall GmbH, a Powder 
Metallurgy and wrought materials 
metallurgical laboratory based 
in Radevormwald, Germany, has 
presented its 2016 PM Qualifica-
tion Award to USD Powder GmbH, 
Meinerzhagen, Germany, a supplier 
of unique gas-water combined 
atomised metal powders.

USD Powder GmbH is a supplier 
of special alloy powders under the 
brand name iPowder® for applica-
tions in Metal Injection Moulding 
(MIM) and metal Additive Manufac-
turing. The prize was awarded to 
USD Powder for the successful alloy 
development of MIM steel powders 

USD Powder receives Fachmetall 
Powder Metallurgy Qualification Award

L-R: Sebastian Kosak (CEO, USD), 
Thorsten Klein (Managing Director, 
USD Powder), Sabine Walther (Supply 
Chain Management, USD), Dr Evelyne 
Gonia (Fachmetall), Christian Kosak 
(CEO, USD), receiving the award from 
Holger Davin of Fachmetall GmbH

for rolling contact fatigue and cold 
working applications.

USD Formteiltechnik GmbH, the 
parent company of USD Powder 
GmbH, is a supplier of struc-
tural steel components made by 
various manufacturing techniques 
including PM and MIM. Thorsten 
Klein, Managing Director of USD 
Powder GmbH, received the award 
on behalf of the company from 
Fachmetall’s Managing Director 
Holger Davin.

With its annual presentations of 
the international PM Qualification 
Award, Fachmetall GmbH aims to 
draw attention to companies with 

The PM Review, PIM International 
and Metal AM websites from Inovar 
Communications have undergone 
a complete re-design and update, 
providing a number of significant 
visual and technical upgrades. 
Reflecting the increased use of 
mobile technology to access the 
internet, each of the three websites 
has been designed around a user-
friendly interface, allowing it to fully 
adapt to the different screen sizes 
found in mobile and desktop devises.

As well as featuring the latest 
industry news, a complete archive 
of back issues of magazines can be 
downloaded in PDF format free of 
charge. Each website provides an 
introduction to its relevant technology 
as well as an industry events listing. 

Hugo Ribeiro, Production Manager 
at Inovar Communications, stated, 
“We have designed the new websites 
to be much easier to read, with 
clearer, larger text and a more user-
friendly interface. Importantly, all the 
sites now adapt to different screen 
sizes, so whether you are viewing 
it on a smartphone or a desktop 
computer, you will always be able to 
clearly read the content.”

outstanding Powder Metallurgy and 
Quality Management activities.

www.fachmetall.de
www.usdpowder.com    

The websites also feature 
significantly more flexible adver-
tising banner spaces. Jon Craxford, 
Commercial Director at Inovar 
Communications, stated, “These new 
banner sizes allow companies to 
project their marketing message in 
a much clearer and more visual way, 
allowing more cohesive marketing 
campaigns to be developed across 
our digital/print magazine and the 
website.”

PM Review’s domain name has 
also been changed to better reflect 
the magazine’s title. The new 
website, www.pm-review.com, will 
remain home to a wealth of news 
from the PM industry as well as 
hosting all back issues of the maga-
zine for free download.

www.pm-review.com
www.pim-international.com
www.metal-am.com    

PM websites updated and redesigned to 
enhance user experience

World’s largest 
commercial 
vacuum furnace 
Solar Atmospheres, Western PA, 
USA, has begun operation of its 
newest and largest vacuum furnace. 
The recently installed 14.6 m long 
vacuum furnace, with a diameter 
of just over 2 m, is said to be the 
world’s largest commercially owned 
vacuum furnace.

The furnace has a maximum 
operating temperature of 1315°C 
and the dual load car design has 
the capacity to transfer up to 68 
tonnes of material in and out of the 
furnace. The state of the art vacuum 
furnace has the ability to apply tight 
pyrometric controls to ± 5.5°C. In 
its inaugural cycle, the furnace 
successfully vacuum heat treated 
nickel alloy components while 
preserving the crucial elements of 
brightness and cleanliness. The U.S. 
patented load car design prevented 
distortion of the more than 12 m 
long tubes.

Due to the furnace’s increased 
efficiency, the total cycle time for 
this thermal process will be reduced 
by two days compared to traditional 
furnace designs.

www.solaratm.com    
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The European Powder Metallurgy 
Association (EPMA) has presented its 
2016 Distinguished Service Award to 
Dr Cèsar Molins. Molins graduated 
as an industrial engineer from the 
Polytechnic University of Catalonia 
in Barcelona, Spain and continued 
his graduate studies obtaining a 
Masters and then the PhD degree 
in Nuclear Engineering Sciences 
from the University of Florida, USA, 
in 1981. Even though his main 
academic subject was nuclear reactor 
neutronics, he also studied metal-
lurgy and following his graduation 
entered the Powder Metallurgy world 
at AMES, a family-owned company 
co-founded by his father in Barcelona, 
Spain, where he became the General 
Manager in 1985. 

From the beginning of his career 
at AMES, Molins became very involved 
in international PM associations, 
presenting papers at PM conferences 

in Europe, America and Asia. His mix 
of technological passion and mana-
gerial duties made him a worldwide 
ambassador of Powder Metallurgy. 
In 1998 he chaired the first World PM 
conference fully organised by EPMA in 
Granada, Spain. He became the third 
EPMA President in 2001 after sitting 
for some years on the EPMA Council 
and Board where he still serves today. 
His international involvement brought 
him to the International Liaison 
Committee of MPIF and he spoke on 
behalf of European PM in the USA, 
Brazil, India, Turkey, Japan and Korea. 
He was a strong promoter of the joint 
effort of EPMA, MPIF and JPMA to 
develop the Global PM Property Data-
base, which was developed during his 
presidency of EPMA. He also chaired 
EPMA’s Euro PM2011 Congress & 
Exhibition in Barcelona.

Under his leadership, AMES, the 
company he manages, has grown 

to achieve a €140 million turnover 
with seven plants in four countries. 
Following its strong technological 
vocation, AMES has developed coop-
eration with universities and techno-
logical centres in Europe and Asia.

The EPMA’s Distinguished Service 
Awards are presented in recogni-
tion of individuals who make an 
outstanding contribution to the 
European PM industry over a number 
of years. Recipients are selected by 
the EPMA Council and receive their 
award at the association’s annual 
congress.

www.epma.com     

Cèsar Molins receives EPMA 
distinguished service award

The EPMA’s 2016 Distinguished 
Service Award was presented to Dr 
Cèsar Molins (left) 

mailto:paul%40inovar-communications.com?subject=
http://www.fluidtherm.com/en/
http://www.plansee-seminar.com


32 © 2016 Inovar Communications LtdPowder Metallurgy Review       Winter 2016

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

Suppliers of metal powders to the PM Industry 
since 1945

Ronald Britton Ltd, 
Regent Mill, Regent Street,  
Rochdale, United Kingdom
Tel: +44 (0)1706 666 620
web: www.ronaldbritton.co.uk

Cert No. 9125
ISO 9001, ISO 14001Cert. No. 9125

ISO 9001  ISO 14001

Industry News

GKN Sinter Metals has announced the launch of a new 
online blog focused on discussing innovations, trends 
and news in the field of Powder Metallurgy. The blog is 
intended to inform and inspire customers, colleagues and 
interested parties and will also give readers an insider’s 
look behind the scenes at the world’s largest Powder 
Metallurgy component manufacturer.

It was stated that the blog’s authors will delve into the 
many facets of the business, addressing topics such as 
‘Are gears becoming obsolete?’ and ‘AM in the automotive 
industry – dream or real opportunity?’ In the first issue 
for example, Dr Gerd Kotthoff, Director Advanced Gear 
Technology, writes, “Soon we will be the first to supply 
sintered PM gear wheels for high-volume production, 
highly loaded manual transmissions.”

“We look forward to share our know-how, experience 
and market views with our blog community. With regular 
posts, we intend to establish a platform that quickly 
develops into a hub for trend-setting, out-of-the-box 
thinking and exchanges,” stated Alfons Geueke, GKN 
Sinter Metals’ Global Marketing Director.

www.gknsintermetals-blog.com    

GKN Sinter Metals begins 
new innovation blog

TAT Technologies 
announces sintering courses 
for 2017
TAT Technologies has announced dates for two 
sintering courses taking place at the company’s training 
centre in St. Mary’s, Pennsylvania, USA, in March 2017. 
The courses are aimed at employees in the PM industry 
who want to learn more about the necessary funda-
mentals of delubing and sintering.

The courses have been designed for anyone wanting 
to learn more about sintering, including engineers, 
supervisors, maintenance personnel and operators. The 
first course, “Preparation for Better Sintering,” will run 
from March 7 – 10, 2017. The second course, “Sintering 
– Ferrous PM,” runs from March 13 – 16, 2017.

Both courses offered by TAT Technologies include 
hands-on training and have common objectives. “We 
want class attendees to go back to their respec-
tive plants with some basic knowledge of furnaces, 
atmospheres and commercial sintering practices. It 
is our belief that this knowledge will give students the 
confidence to assist their plant’s sintering operation,” 
stated TAT.

www.tat-tech.com    

EPMA’s Powder Metallurgy 
Summer School heads to 
Grenoble
The European Powder Metallurgy Association (EPMA) 
has announced that its next Powder Metallurgy Summer 
School will take place in Grenoble, France, June 19 – 23, 
2017. The popular course is open to young scientists, 
designers and engineers looking to gain a broader 
knowledge and understanding of the Powder Metallurgy 
process and applications.

The five day residential event consists of a range of 
lectures given by PM experts drawn from both industry 
and academia and will be held at the Grenoble Institute 
of Technology (Grenoble INP). Topics to be covered will 
include the manufacture of metal powders, powder 
compaction, MIM, modelling, sintering, Hot Isostatic 
Pressing 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, manufac-
turing or metallurgy. Graduates under 35 and who have 
obtained their degree from a European institution are 
eligible to apply. Registration to the Summer School will 
open in early 2017.

www.summerschool.epma.com    
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PM Machinability 
Seminar set for 
April 2017
The MPIF’s Powder Metallurgy 
Machinability Seminar will take place 
in Penn Stater Conference Center 
Hotel, State College, Pennsylvania, 
USA, April 4-5, 2017. The seminar is 
designed to offer an in-depth knowl-
edge and understanding of both the 
fundamental and practical aspects of 
machining PM parts.

Over two full days attendees will 
gain a fundamental knowledge of 
machining and tooling. Presenta-
tions will discuss the use of additives, 
how to improve machinability, how 
to select the right cutting fluid and 
economics of tool choice. How coat-
ings can reduce tool wear and the 
impact PM material morphology has 
on machining will be discussed as 
well as numerous case studies.

www.mpif.org    

India’s PM17 
conference Call 
for Papers 
The Powder Metallurgy Association 
of India (PMAI) has announced the 
date and issued a Call for Papers 
for its PM17 International Confer-
ence on Powder Metallurgy and 
Particulate Materials & Exhibition. 
The event, scheduled to take place 
February 20-22, 2017 in New Delhi, 
India, will once again bring together 
an all topic technical programme 
and an international trade exhibi-
tion.

The PMAI has requested that 
abstracts of papers for oral presen-
tation as well as posters should be 
submitted no later than December 
9, 2016. Delegate registrations for 
the event can now be submitted 
online at the PM17 Conference 
website. 

www.pmai.in/pm17    

The European Powder Metallurgy 
Association has announced that its 
Euro PM2017 International Confer-
ence and Exhibition will be held in 
Milan, Italy, October 1 – 4 2017 at 
the MiCo – Milano Congressi. The 
event will cover all aspects of Powder 
Metallurgy.

The Euro PM2017 exhibition will 
take place in parallel to the technical 
sessions and will provide a showcase 
for the global Powder Metallurgy 
industry. Euro PM2017 will also 
include a number of social events.

Those wishing to present either an 
oral or poster paper at Euro PM2017 
should submit abstracts  before 
January 18, 2017.

www.europm2017.com    

Milan to host 
Euro PM2017 
Congress & 
Exhibition

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


2017
PM CHINA
China’s largest PM & MIM exhibition 

|  Materials  |  Equipment  | Products  |  Solutions  |

www.cn-pmexpo.com
Contact: Maggie Song  |  Email: pmexpochina@163.com

Tel: +86-400 077 8909  |  Fax: +86-21-23025505

PM CHINA 2017 Organizing Committee

Shanghai Everbright Convention & Exhibition Center

SHANGHAI
APRIL 26-28

http://www.cn-pmexpo.com


Winter 2016       Powder Metallurgy Review 35© 2016 Inovar Communications Ltd

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

World PM2016: Trends in 
automotive powertrains and 
their impact on the future of 
PM applications

In view of the strong dependence of 
the PM industry on the automotive 
market, any technological change 
in the automotive sector requires 
careful consideration from the 
PM community in order to assess 
potential impact. As shown in Fig. 1, 
engine and transmission applica-
tions currently account for over 
70% of all automotive PM usage 
(in tonnage terms) in the European 
market and this picture is similar in 
the other global PM markets.

For some time, the PM sector has 
been targeting a greater penetration 
of the market for automotive 
transmission components, in 
particular for the transmission 
gears. With the anticipated erosion 
in the medium to longer term of the 
size of the PM internal combustion 
engine components market, this 
greater penetration in transmission 
applications becomes an imperative 
if PM is to defend the overall level of 
its automotive sector business.

A Special Interest Seminar at the 
World PM2016 Congress, held in 
Hamburg, Germany, October 9-13, 
2016, focussed on this issue and 
provided an overview, largely from 

a European industry perspective, 
of the PM technological advances 
that could still deliver competitive 
products for future automotive 
drivetrains and powertrains. 

Fig. 1 Breakdown of PM automotive applications in Europe 

Automotive powertrain applications

Transmission, 33%

Others, 1%

Body, 2%

Fuel, 3%

Electrical, 5%Chassis, 17%

Engine, 39%

The gradual move from the conventional internal 
combustion engine as primary automotive propulsion 
system to hybrid or full electric powered vehicles will pose 
significant challenges to the Powder Metallurgy industry 
in the medium to long term. A Special Interest Seminar at the World PM2016 
Congress, Hamburg, Germany, focused on this issue and in this report Dr David 
Whittaker looks at the PM technology that could still deliver competitive products 
for future automotive powertrains.

PM automotive applications in Europe
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How PM technology can support 
future transmissions and drivetrains
The first presentation in the seminar 
came from Christoph Löpenhaus 
(Laboratory of Machine Tools (WZL), 
RWTH Aachen University, Germany) 
and was co-authored by Professor 
Fritz Klocke, Tim Frech, Jonas 
Pollaschek and Philipp Scholzen 
(also WZL). The presentation initially 
provided a prediction of the degree of 
market penetration of electrification 
or hybridisation of automotive driv-
etrains by 2030 (Fig. 2). Although full 
electric drives are predicted to be only 
just beginning to make a substantial 
penetration by this point, hybrid drives 
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Fig. 2 Automobile registrations in 2030 [1] Fig. 3 Noise excitation in electric drivetrains [1]

Fig. 4 Noise damping due to porosity in PM gears [1]

Excitation Frequencies in Transmission

Conv.
Applica-
tion

High-Speed-
Transmission

Fr
eq

ue
nc

y 
[H

z]

Rotational Speed [rpm]
5000 10000 15000 20000

1

10

100

1000

10000

100000

0 5000 10000 15000 20000

1st Tooth-Mesh-Ord.
2nd Tooth-Mesh-Ord.

1st Rotation Order
2nd Rotation Order
3nd Rotation Order

Audible Frequency Range

Diesel
37%

Hybrid
20%

Electric
3%

Other
4%

Estimated breakdown of automobile registrations 
in 2030

Gasoline
39%

will have captured a more signifi-
cant market share at around 20%. 
Although hybrid drives would incor-
porate internal combustion engines, 
these would be of much smaller size 
and power to those used for primary 
propulsion, state the authors. The 
trend towards electrification and 
hybridisation in automotive drivetrain 
development introduces two chal-
lenging objectives: the reduction in 
noise emission and the increase in 
power density. As highlighted by the 
presentation, PM is a gear manu-
facturing technology that has unique 
capabilities in meeting these twin 
challenges.

The acoustic challenges arise 
because (a) there are no longer any 
engine noises to mask the trans-
mission noises and (b) the gearbox 
main shaft rotational speeds are 
much higher when the transmission 
is coupled to an electric motor and 
this both creates a shift in mesh/
rotational frequencies and increases 
demands for gear accuracy. Fig. 3 
shows that high speed transmissions 
induce much higher levels of noise 
excitation frequencies in the audible 
range. 

In PM, the presence of porosity 
in the sintered component often 
has negative connotations, but, in 
the case of noise suppression, the 
increased damping associated with 
the internal porosity (Fig. 4) can carry 
potential benefits. The thesis that 
porosity within the core of a surface 
densified gear can also lead to noise 
damping benefits in an operational 
transmission was evaluated at WZL, 
using both finite element analysis, 
involving the local consideration of 
Young’s modulus and Poisson’s ratio 
(Fig. 5), and direct measurement 
on a test rig (Fig. 6). On the basis 
of these investigations, the authors 
concluded that, due to the influence 
of core porosity, PM steels provide a 
damping effect.

The power density challenges 
also relate to the higher rota-

Solid PM

Noise damping
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tional speeds, leading to the need 
for durability over much higher 
numbers of fatigue cycles in gears 
(the customary ‘run-out’ levels of 
107 cycles are reached in a matter 
of hours in electric drives), and to 
the high levels of dynamic loads 
induced in gear meshing. Studies, 
in this context, demonstrated that 
surface densification rolling of PM 
gears provided gear flank strengths 
(i.e. surface contact fatigue strength 
or pitting wear resistance) that were 
competitive with those of conven-
tional wrought and machined gears. 
Therefore, greater attention was paid 
to the issue of tooth bend fatigue 
strength. It was shown that, by 
means of optimisation of the tooth 
root geometry, bending stresses in 
the tooth root could be reduced, in 
the case of the example in Fig. 7 by 
around 15%.

There are significant limita-
tions to the ability to generate tooth 
profile modifications with conven-
tional honing of gears, whereas the 
authors pointed to a further compet-
itive advantage of PM processing, in 
this context, with its higher ‘degree 
of freedom’ in being able to achieve 
such profile modifications.

A further competitive advantage 
of PM was also discussed in the 
context of the potential for enabling 
functional integration in electric/
hybrid drivetrain design concepts. 
Current market solutions involve two 
cylindrical gear stages with motor 
and gearbox as separate assem-
blies. PM provides the potential 
for the incorporation of planetary 
stages and functional integration, 
for instance of the motor/gear shaft. 
The planetary carrier is viewed as 
being a suitable component for PM 
processing.

Having discussed the potential 
advantages that PM could offer in 
the development of electric and 
hybrid drivetrains, this presentation 
concluded with the identification 
of a number of future challenges 
that remain in relation to delivering 
on these advantages. The authors 
stated that there is a need for the 
establishment of process chains for 
functional process integration and 

Fig. 5 FE-based tooth contact analysis [1]

Fig. 6 Test rig for noise investigation [1] 

Fig. 7 Optimisation of tooth root geometry [1]
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that manufacturing tolerances for 
high speed applications need to be 
defined and achieved. The estab-
lishment of a design strategy for 
porosity/damping as well as a noise-
optimised design for the gear body 
is required. The trade-off between 
tooth root optimisation, root strength 
and the densification process must 
be optimised along with an improved 
knowledge on the strength of gears 
in ultra-high cycle fatigue (UHCF).

PM gear manufacturing:
Not only compaction and sintering
The next presentation, from Anders 
Flodin (Höganäs AB, Sweden) 
reported on a consortium project 
(the M32 project), in which a six-
speed manual transmission was 
redesigned for PM, prototyped and 
tested for durability, vibration over-
load etc. and, finally, built into and 
evaluated in a Saab 95 demonstra-
tion car. The presentation focussed 
on what is needed to make a PM 
gear in addition to the compaction 
and sintering process. 

A gear poses a range of manufac-
turing challenges, including joining, 

Fig. 8 Prototyping of PM gears within the M32 consortium [2]

Fig. 9 Selection of synchroniser gears (top) with detail of the PM fourth drive 
transmission gear (bottom) [2]  

1st driven gear, conv. steel

3rd/5th drive gear, conv. steel

Miba - 3rd driven gearSchunk - 4th driven gear

PMG - 5th driven gear

4th drive gear, off-PoP-tool, 
Aliver, SHW, Höganäs

6th driven gear, pucks from D-AQ

Ames - 6th drive gear

GKN - Sinter Metals, Reverse driven gear

Other project 
contributions

1st drive gear, forged on shaft

2nd drive gear, forged on shaft

2nd driven gear, conv. steel

Automotive powertrain applications
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heat treatment, tribology, hard 
finishing and densification. During 
the project, all these challenges 
were faced and overcome, with 
the solutions to these challenges 
discussed in the paper . In addition 
to Höganäs AB, the project consor-
tium comprised leading European 
PM parts manufacturers, GKN 
Sinter Metals, Miba, Schunk, Ames 
and PMG, Profiroll (a gear surface 
rolling specialist, whose capabilities 
were discussed in more detail in 
the next presentation) and Vicura/
AVL (a transmission design and 
development specialist), with other 
contributions coming from Dorst 
Technologies, Cremer, SWE Part 
Transmission AB, Alvier and SHW.

The scope of the project was for 
Vicura/AVL to redesign a typical 
European modern manual trans-
mission for powder metal gears in 
order to reduce weight, minimise 
transmission errors (i.e. noise) and 
design for reduced stress levels, for 
the various PM industry participants 
to produce the redesigned gears 
and for these gears to be evalu-
ated in terms of contact pattern, 
durability and vibration. The gears, 
produced as PM prototypes, were 
the 4th and 6th drive gears and the 
3rd, 4th, 5th, 6th and reverse driven 
gears. The partner responsibilities 
for producing these prototype gears 
are summarised in Fig. 8.

The first manufacturing step, 
beyond compaction and sintering, 
involved the assessment of how 
to attach the synchroniser gears 
to PM gears (Fig. 9). A range 
of joining processes have been 
assessed including laser welding, 
electron beam welding and ‘smart’ 
joining through geometrical inter-
locking.

Next, in terms of heat treat-
ment, the influence of PM mate-
rial selection on response to case 
hardening was studied. Ideally, 
what was sought was a case depth 
of 0.15-0.20 x the gear modulus, 
a core carbon level as low as 
possible (as higher carbon levels 

reduce residual compressive stress 
due to volume expansion e.g. at 
0.6% C, residual stress is 0-50 MPa, 
whereas at 0.2%C, residual stress 
can be 350 MPa), a surface that 
is not too hard (not more than 
850 HV0.1), a hardness plateau at 
the surface to allow for grinding 
stock and a core hardness around 
350-400 HV. 

The level of wear after a full 
durability cycle was measured. The 
results obtained for the 6th speed 
gear (Fig. 10) showed 8-10 µm of 
wear depth, less than or of the same 
order as micro modifications and 
the same as the tolerance window 
for the crowning of the gear.

Fig. 10 Wear after full durability cycle for 6th speed gear [2]
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230 Nm Bearing data KISSsoft calculations

Gear, 
driven

Number of 
bearings

Inner raceway 
radius

No of rolling 
elements

Rolling element 
diameter Roller length Radial force Contact 

pressure

di [mm] n [#] d [mm] L [mm] Fr [N] p [MPa]

1 2 22 20 6 10 6176 1015

2 2 20 31 2.5 10.3 4051 983

3 2 20 31 2.5 10.3 1884 706

4 1 14.5 23 2.5 16.8 1635 754

5 2 20 31 2.5 10.3 1884 706

6 1 14.5 23 2.5 16.8 1804 788

R 1 22 35 2.5 22 6176 1015

Table 1 Bearing loads in driven gears [2] 

Automotive powertrain applications
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It is not only the gear teeth flanks 
that have to carry load; the needle 
bearings in the bore carry high 
quasi-static loads during operation. 
If wear in the bore is a problem, 
a needle bearing with an outer 
raceway can be used. This is an 
important consideration for plan-
etary gears that roll on the bear-
ings under load. Calculated bearing 
loads for all of the driven gears in 
the transmission are tabulated in 
Table 1.

Surface roughness assessments 
of surface rolled (densified) gears 
have demonstrated that the finish 
rolling gives a very smooth surface 
(Fig. 11) that is tribologically supe-
rior to that achieved by grinding, 
a quiet surface in rolling/sliding 
contacts and a cost effective alterna-
tive to shaving.

Assessments of vibration/NVH, 
conducted across the full consor-
tium, showed that all but one 
gear delivered improved vibration 
characteristics compared with the 
conventionally produced gears and 
the one gear that showed higher 
vibration levels was out of speci-
fication geometrically. Höganäs’s 
own evaluations showed that all 
PM gears passed vibration testing 
with lower levels than for the stock 
transmission reference. These 
results tend to support the observa-
tions on noise damping in PM gears, 
highlighted in the earlier WZL pres-
entation. Also, similarly to the WZL 
presentation, the benefits of gear 
profile optimisation in reducing root 
stresses were highlighted (Fig. 12). 
PM’s unique design freedom 
capabilities in designing for contact 
stress reduction were also empha-
sised.

Future activities will include the 
tearing down of three new plat-
forms with the trending technolo-
gies, in order to analyse the current 
PM content in them and those of 
competitive technologies (to deter-
mine who the PM sector may be 
losing markets to). Finally, the future 
growth potential for PM in automo-
tive applications, in these times of 
hybridisation and downsizing, will be 
assessed.

Fig. 11 Surface finish comparisons [2]

Fig. 12 Effects of gear profile optimisation on tooth root stresses [2]
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Densification rolling: From the idea 
to the test drive
The first two presentations in the 
seminar, summarised above, high-
lighted the important enabling role of 
surface densification rolling in simul-
taneously enhancing performance, 
dimensional precision and surface 
finish of highly loaded PM gears. 
The next presentation, from Michael 
Hirsch (Profiroll Technologies GmbH, 
Germany), provided more detail on 
his company’s expertise in this tech-
nology and, in particular, their contri-
bution to the M32 project described 
above. In this project, Profiroll tackled 
the task of manufacturing the driven 
wheel of the 6th gear by rolling to 
densify both the tooth flank and the 
tooth root, in order to generate the 
required wear resistance. 

Fig. 13 shows an image of the 
relevant gear and a table of the 
design data for the gear. The project 
aim was to achieve a class 7 dimen-
sional quality, according to DIN 3962, 
after the case hardening process 
following the densification rolling.

The ‘pucks’, from which the gear 
preforms were machined, were made 
from the FL-4400 (Höganäs Astaloy 
85Mo) grade. The simulation of the 
surface rolling process including 
Finite Element Modelling, employed 
by Profiroll, defined the tooth blank 
contour compared with the targeted 
final shape and, therefore the amount 

Fig. 13 An image of the test gear and a table of its design data [3]

Fig. 14 Comparison of the blank tooth profile with the as-rolled profile [3]
Stock

blue - finished part
red - Blank shape

Flank = 0.12 mm
Tooth root = 0.065 mm
Tooth point = -0.215 mm

Stock

blue - finished part
red - Blank shape

Flank = 0.12 mm
Tooth root = 0.065 mm
Tooth point = -0.215 mm

Sixth driven gear
Gear data
number of teeth 31

module 1.77 mm
pressure angle 16.25°
helix angle 31.5° links / LH
add. modific. coefficient 0.35886

outer diameter 70.913 ± 0.037 mm

root diameter 58.771 ± 0.078 mm
tip diameter utilisable 69.674 mm

diameter utilisable 61.929 mm
pitch diameter 64.35306 mm

base diameter 60.89334 mm
diameter over pins (Ø = 3.0) 69.44 ± 0.03 mm
profile length 14.3 mm

Process data – Densification Rolling

Rolling Curve

• rolling time = 10 s
• infeed = 1,4 mm
• number of rev. = 20

• reverse = 1 
• RPM = 35 1/min
• rolling force = 20,6 kN

- Infeed curve (green)

- Rolling force (blue)

- Torque (red)

Fig. 15  Gear rolling trials [3]
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Table 2 Measured hardening distortion in the low pressure carburising with 
high pressure gas quenching process [3]

(over 10 parts) Distortion average Distortion range

Profile

profile deviation, total -0.5 µm -1 µm

profile form deviation 0.3 µm 1 µm

profile slope deviation -9.5 µm -0.5 µm

profile crowning 3.4 µm 0.5 µm

Lead

helix deviation, total 1.4 µm 1 µm

helix form deviation 1.3 µm -0.5 µm

helix slope deviation 2.1 µm 3.5 µm

lead crowning 1 µm 2 µm

Pitch

cumulative pitch deviation 5 µm 7 µm

runout 11 µm 10 µm

Diameter

outer diameter -35 µm -14 µm

root diameter -36 µm -36 µm

diameter over pins 3 µm 4 µm

of additional stock required on the 
blank (Fig. 14). The Profiroll Special 
PTW Program enabled the prepara-
tion of Die Drawings, the DXF file for 
Programming, the blank Drawings 
and measuring data for Quality 
control.

Blanks were produced (and 
measured) according to the defined 
geometry and trials were carried 
out to optimise the rolling process 
(Fig. 15). The products of the first 
rolling trial were then assessed in 
terms of the tooth profile generated 
and the degree of densification in the 
surface layers (Fig. 16). 

The rolled gears were then case 
hardened by Höganäs using low 
pressure carburising with high pres-
sure gas quenching. Assessment 
of gears in the hardened condition 
showed that the generated hard-
ness profile (Fig. 17) was within 
specification and that hardening 
distortion (Table 2) was, as far as 
possible, symmetrical and could be 
compensated for. These observa-
tions enabled a tool re-design and 
a second iteration of sample gear 
production. The issue of attach-
ment of the gear (synchronising) 
cone to the gear was addressed 
by machining of cones from after-
market gears (as the small volumes 
required precluded their manufac-
ture by PM compaction) and attach-
ment to the prototype PM gears by 
electron beam welding (Fig. 18).

As a rolling specialist, Profiroll 
then took on the higher challenge 
of further shortening the process 
chain, by pursuing the goal of 
developing the finish burnishing and 
densification rolling process (FBR-D) 
to reach the final gear quality after 
hardening without the need for a 
hard finishing process. 

Gear tooth profile assessments 
demonstrated that DIN quality 8 
could be achieved in the hardened 
condition, without further hard 
finishing. Although the target quality 
7 had not quite been met, it was 
felt that the achieved quality was 
sufficiently close to justify testing 
of the rolled and hardened PM 
gears. In bench tests at Vicura, 
NVH tests and durability tests at 

Fig. 16 Polished cut image following first rolling trials [3]

a) Overview of the teeth b) Higher magnification of the root

c) Higher magnification of the left flank d) Higher magnification of the right flank
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230 Nm input torque (to 20 million 
cycles without failure) were both 
successfully passed. After the full 
durability test cycle with 20 million 
cycles, some surface wear on the 
driving side of the tooth flanks was 
visible (as mentioned in the previous 
presentation). This was measured as 
an increase of diameter over pins of 
7 µm over the duration of the test.

Subsequently, the rolled and hard-
ened gears were built into a demon-
stration transmission and subjected 
to extensive testing in a car. Again, 
this level of testing produced positive 

Fig. 18 Gear with cone attached [3]Fig. 17 Measured hardness profile after case hardening [3]

Hardness
measurement

Fig. 19 Schematic view of a magnetic gear [4]

results. The overall conclusion has 
been drawn that PM gears, in the 
finish densification rolled and subse-
quent case hardened condition, can 
be successfully used in car transmis-
sions.

Reluctance magnetic gears
The final presentation in the seminar 
represented something of a depar-
ture from the theme of the earlier 
presentations, as a potential disrup-
tive technology for gear manufacture 
was highlighted by Peter Kjeldsteen 
(Sintex A/S, Denmark). This presenta-

tion focussed on the concept of using 
magnetic gears, or gears without 
teeth as they were described by the 
author, for power transmission.

The author initially made the 
point that the magnetic gear is 
not a new concept, with the first 
patent having been filed in 1901, 
and magnetic gears used today are 
in highly demanding applications 
such as processing equipment in the 
food industry, high vacuum systems 
and hot/cold off-shore applications. 
The question was then posed as to 
whether magnetic gears could offer 

Automotive powertrain applications
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Fig. 20 Exploded view of the components in a prototype Reluctans gear [4]
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a potential in the automotive drive 
systems in the future.

Magnetic gears involve the 
transfer, through a magnetic flux, 
of motion from a primary rotor 
to a secondary (driven) rotor and 
the principle on which the current 
generation of magnetic gears operate 
is shown schematically in Fig. 19. 
The magnetic flux is created using 
stationary pole pieces, made from 
soft magnetic composite materials, 
and the rotors consist of back iron 
and a number of high performance 
(Nd-Fe-B) permanent magnetic 
poles. The shaft, which has to rotate 
more slowly and provide higher 
torque (the secondary rotor in the 

illustrated case), has a greater 
number of poles. Such an assembly 
is very complex and hence expensive 
to produce and, therefore, Sintex 
have been focussing on developing a 
less complex and more cost effective 
solution. This solution is based on the 
concept of magnetic reluctance and 
the developed prototype gear has, 
therefore, been termed the ‘Reluc-
tans Gear’.

Magnetic reluctance, or magnetic 
resistance, is a concept used in 
the analysis of magnetic circuits. 
It is analogous to resistance in an 
electrical circuit, but, rather than 
dissipating electric energy, it stores 
magnetic energy. Just as an elec-

trical field causes an electric current 
to follow the path of least resistance, 
a magnetic field causes magnetic flux 
to follow the path of least magnetic 
reluctance. In a DC field, the reluc-
tance is the ratio of the ‘magnetomo-
tive force’ (MMF) in a magnetic circuit 
to the magnetic flux in this circuit. In 
a pulsating DC or AC field, the reluc-
tance is the ratio of the amplitude of 
the ‘magnetomotive force’ (MMF) in a 
magnetic circuit to the amplitude of 
the magnetic flux in this circuit.

An exploded view of the compo-
nents in the prototype Reluctans 
gear is shown in Fig. 20. In this 
example, the numbers of poles in the 
two rotors are 2 and 15 respectively 
and, therefore, the gear reduction 
ratio would be 7.5:1. This type of 
gear carries a number of signifi-
cant advantages over conventional 
mechanical gears. Because the 
system offers non-contact power 
transmission and overload protection, 
there are no maintenance require-
ments over extended service lives. 
No lubrication is required in such a 
gear and, therefore, this opens up the 
possibility of extreme temperature 
operation. Last but not least, this type 
of gear generates no transmission 
noise. 

Numerical simulation studies have 
indicated that there is an optimum 
rotor diameter (of around 400 mm) 

Fig. 21 Dependence of the torque density on rotor diameter for a Reluctans 
gear [4]
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in maximising the torque density 
of the Reluctans gear (Fig. 21). 
Currently, Sintex is working on 
refinement of construction alterna-
tives for the poles in the rotors and 
the gear housing and is involved in a 
PR campaign to raise awareness of 
the Reluctans gear in the potential 
market place, including the automo-
tive sector. If such a magnetic gear 
concept does succeed in penetrating 
the automotive transmission market, 
there would be a reduction in 
potential demand for conventional, 
mechanical gears, but, from a PM 
industry perspective, this would be 
counter-balanced by the emergence 
of an increased demand for soft and 
hard magnetic components.

Conclusion

Overall, the seminar conveyed the 
messages that the PM industry now 
has technically proven solutions, 

with which to attack the automotive 
transmission gear market, and that 
the tailoring of transmissions to deal 
with the particular challenges arising 
from the electrification or hybridisa-
tion of the drivetrain would enhance 
the competitive advantages that the 
PM processing of gears could offer.
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The Powder Metallurgy industry has maintained 
production growth in a number of countries around the 
world in recent years. However, new metal powder based 
technologies such as metal Additive Manufacturing, plus 
the trend towards lighter and alternative fuel vehicles, will create both 
opportunities as well as challenges for the PM industry. Bernard Williams 
reports on the ‘Global PM Reviews’ presented in the Plenary Session at the 
World PM2016 Congress held in Hamburg, Germany, October 9-13.

World PM2016: Current status 
and future outlook for the 
global PM industry reviewed 
in Hamburg

The European perspective

Philippe Gundermann, President 
of the European Powder Metal-
lurgy Association (EPMA), gave the 
first of three presentations in the 
opening Plenary Session at World 
PM2016 Congress in Hamburg. His 
presentation focused on the influ-
ences which are currently affecting 
the PM industry in Europe and also 
provided the most recent production 
data for the region. He said that over 
the past 18 months there had been 
significant falls in commodity prices 
with metals such as cobalt dropping 
by over 18%, molybdenum by 23%, 
copper by almost 25% and nickel 
by over 32%. Gundermann said 
that commodity price volatility can 
introduce discrepancies between the 
purchased metal price and the price 
of the finished metal component. 
The downward pressures on metal 
prices are particularly relevant to PM 
component producers supplying the 

automotive sector, which in Europe 
uses on average around 10 kg PM 
parts per vehicle and is by far the PM 
industry’s biggest end-user.

Gundermann reported that the 
European car industry has seen 
strong growth in sales over the past 

three years and new car registrations 
in 2016 are expected to regain the 
level of just before the economic 
crisis of 2008. Car production is 
following a similar trend with over 
17 million cars expected to be 
produced in the 27 EU member 

Fig. 1 Passenger car production in the 27 EU countries 2007-2017
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states during 2016. (Fig. 1) The 
European automotive industry 
invested €44.7 billion, or around 
5% of sector turnover, on research 
and development in 2015 with the 
aim of producing safer and cleaner 
vehicles including alternative 
fuels, to meet future emissions 
and fuel consumption legislation, 
said Gundermann. This will provide 
opportunities as well as challenges 
for the European PM industry. The 
aerospace industry is another sector 
offering opportunities for PM and he 
reported that a lot of PM prototypes 
are currently being tested including 
parts made by metal Additive 
Manufacturing.

Referring to the current trends 
in European PM production, 
Gundermann reported that there 
was a 3% growth in total tonnage 
production by the different sectors 
of PM reaching 235,000 tonnes in 
2015 (Fig. 2). Of this the ferrous 
and non-ferrous PM part sectors 
accounted for 87% by weight with 
ferrous and non-ferrous PM powder 
shipments almost back to their 
pre-crisis levels. However, in sales 
terms, ferrous and non-ferrous 
PM parts account for just 27% of 
the total estimated at €10.4 billion 
in 2015. Hard materials (cutting 
tools and wear parts) made up 
31%, diamond tools a further 16%, 
sintered magnets 12%, PM semis 
8% and Metal Injection Moulding 
(MIM) 3%. Metal powder shipments 
for PM applications were reported 
to continuing on an upward trend 
(Fig. 3), demonstrating year on 
year growth in shipments of 
ferrous powders for the fourth 
consecutive year. MIM sales are 
continuing to grow strongly said 
Gundermann, whilst production 
of PM high alloy steels in the Hot 
Isostatic Pressing (HIP) sector has 
been severely affected by falling 
oil prices resulting in decreasing 
demand for HIPed steel products 
used in offshore oil production and 
exploration. The production of hard 
materials in Europe has seen little 
movement over the last three years 
and is estimated to be around 14,250 
tonnes (Fig. 4).

Global status of the PM industry

Fig. 2 Breakdown of European PM sectors in 2015 totalled 235,000 tonnes

Fig. 3 European metal powder shipments for PM applications 2008-2015

Fig. 4 Estimated hard materials production in Europe 2008 - 2015
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Gundermann said that metal 
Additive Manufacturing technology 
had seen spectacular growth in 
Europe with the number of AM 
machines in service exceeding 2500 
units. The sectors seen as having the 
greatest potential for AM applica-
tions include aerospace, medical 
and tooling. The EPMA is supporting 
research work to develop standard-
ised metal AM properties. He stated 
that the EPMA recently published its 
‘PM Industry 2025: Vision’, a roadmap 
which has as its core objective the 
task of getting PM recognised as a 
resource-efficient production process 
capable of manufacturing near-net 
and net-shape components with 
special properties for critical and 
demanding applications. “The Euro-
pean PM industry aims to be a world 
leader in PM technology and also a 
source of constant innovation for the 
development and production of novel 
and cost effective PM products,” said 
Gundermann.

PM in Japan and Asia

Takashi Saito, Executive Director 
of the Japan Powder Metallurgy 
Association (JPMA) reported on 
trends in PM production in Asia and 
also that the JPMA had recently 
celebrated its 60th anniversary as a 
PM trade association. Saito stated 
that PM production fell in China 
(-11.4% to 158,610 mt), Japan (-5.1% 
to 92,572 mt), and India (-18.6% to 
30,500 mt) in 2015 compared with 
the year before, with Korea down 
just 0.4% to 68,257 mt, and Taiwan 
showing gains of 2.4% to 32,780 mt 
(Fig. 5). However, PM production in 
Thailand grew by 9% to 16,081 mt 
to regain the level of three years 
ago and Indonesia has seen strong 
growth since PM production started 
in that country in 2013 to reach 
4,075 mt in 2015 (Fig. 6). Saito said 
that Japanese PM part production 
has been falling since 2012 mainly 
as a result of Japanese automotive 
companies relocating car production 
overseas. PM self-lubricating bearing 
production in Japan has remained 
level over the past 10 years. 

Global status of the PM industry

Fig. 5 Asian PM production in the five major countries

Fig. 6 Asian PM production in the remaining regions

Fig. 7 A PM soft magnetic composite core has replaced electromagnetic 
steel sheet In an automotive ignition coil. (Photo: Sumitomo Electric 
Industries Ltd, Japan)

2015 New Design

Development of the soft magnetic composite core for high-power 
output and rectangular-shaped ignition coil

*Prize Company  SUMITOMO ELECTRIC INDUSTRIES, LTD.
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Saito described some recent PM 
technology trends, which included 
a new high output, soft magnetic 
composite developed for an auto-
motive ignition coil by Sumitomo 
Electric Industries Ltd (Fig. 7) and an 
ultraminiature PM bearing developed 
by Porite Ltd and having an OD of 
just 1.4 mm used for linear actuators 
in a wearable smart watch (Fig. 8). 
These and other PM products, which 
were awarded prizes by the JPMA in 
2015, were on display in the World 
PM2016 Exhibition together with 
award entrants from Europe and 
North America. Saito also reminded 
delegates that the World PM2018 
Congress will be held in Beijing, 
China, September 16-20.

North American PM 
industry 

Patrick J. McGeehan, President of 
the Metal Powder Industries Federa-
tion (MPIF), reported on the status 
of the North American PM industry 
which he said had experienced 
continued growth since the slump 
caused by the economic crisis in 
2008 (Fig. 9). Total North American 
iron powder shipments increased by 
1.7% to 384,173 mt in 2015, with the 
PM sector reflecting 91% of this total 
and growing by 2.3% to 349,702 mt. 
McGeehan stated that, based on iron 
powder shipments in the first half of 
2016, the total tonnage for the whole 
year is expected to be level with 2015. 

Stainless steel powder shipments 
were reported to have increased 
by an estimated 2.5% to 7,347 mt 
in 2015; copper powder shipments 
increased by the same amount to an 
estimated 16,272 mt and aluminium 
powder remained about even with 
the previous year at 36,280 mt. Other 
powder shipment estimates for 
2015 were: nickel 5,552 mt; molyb-
denum 1,760 mt; tungsten 2,630 mt 
and tungsten carbide 4,264 mt 
(Fig. 10). Both the refractory metal 
and cemented carbide sectors have 
been struggling due to the low oil 
price and the effect this had had on 
demand from oil and gas drilling 
operations which were said to be 
at the lowest level in decades, said 
McGeehan. The mining sector was 
also stagnant, he said.

Developing metal powders for 
metal Additive Manufacturing via 
gas atomisation is a new trend set 
for acceleration by most leading 
powder makers, stated McGeehan. 
Meanwhile, AM’s successful use in 
the aerospace and medical sectors 
continues to pave the way for future 
applications. Thus far, three signifi-
cantly longer-running commercial 
AM applications remain in the 
forefront: titanium medical implants 
(acetabular cups, individual teeth, 
cranial implants), cobalt-chrome 
dental copings and cobalt-chrome 
aircraft fuel nozzles (Fig. 11). He 
said that, although the AM market 
currently remains small and limited 
to a restricted number of materials, 
it offers exciting promise for PM in 
the years ahead. 

McGeehan reported, that 
whilst light-vehicle production in 
North America soared to a record 
17.4 million units in 2015, automo-
tive experts point to a plateauing 
or even decline of PM content in 
vehicles without any significantly 
new applications. There is also a 
trend to downsizing engines from 
eight-cylinder to six-, four- and now 
even three-cylinders with smaller 
transmissions. Smaller engines need 
fewer powder forged connecting rods 
and PM bearing caps, and smaller 
transmissions need smaller sintered 
carriers and gears, he said. In addi-

Fig. 8 Ultraminiature PM self-lubricating bearing for linear vibration actuator 
used in a wearable smartwatch. (Photos: Porite Corp; Apple Inc.)

Fig. 9 Trends in North American iron powder shipments 2006-2015
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tion, the trend to hybrids, electric 
and alternative vehicle powertrains, 
while not an immediate threat to PM, 
will have a more serious impact in 
the next decade. McGeehan said that 
one observer believes that the PM 
content in North American vehicles 
will erode by 0.23–0.45 kg annually 
for the next five years. 

The daunting and controversial 
U.S. government’s average fuel 
economy (CAFE) standard for vehi-
cles at 54.5 miles per gallon by 2025, 
does, however, offer an important 
opportunity for PM in the design of 
lighter vehicles including the use of 
high-strength PM aluminium parts. 
For example, an automatic trans-
mission one-way clutch retainer 
represents an innovative and weight 
saving PM aluminium MMC applica-
tion that provides improved wear 
due to the ceramic embedded in the 
softer aluminium. Another example 
of PM aluminium’s weight advan-
tage is the conversion from a steel 
main bearing cap at 0.8 kg to a PM 
aluminium substitute at 0.3 kg. 

McGeehan said that the North 
American Metal Injection Moulding 
sector saw only single-digit growth 
in 2015 mainly due to the ongoing 
decline in the domestic firearms 
market. The annual U.S. MIM powder 
market is estimated to range from 
1.2 to 1.6 million kg. He reported that 
the decline in firearms production 
had created a shift in the market 
mix for MIM parts by weight of parts 
with medical/dental (32%) now the 
leading MIM market, followed by 
general industrial (26%), firearms 
(21%), automotive (7%), electronics 
(6%), and miscellaneous applications 
(6%). Automotive and aerospace MIM 
applications are gaining as well as 
cutting tools.

McGeehan reported that the 
Technical Board of the MPIF will 
assess and update its ‘PM Industry 
Roadmap’, last revised in 2012, 
to ensure that the industry has 
identified the technology chal-
lenges in order for PM to remain the 
preferred metal-forming solution. 
He also reported that the Center 
for Powder Metallurgy Technology 
(CPMT) continues to work on 

Fig. 10 North American non-ferrous powder shipments 2015 (metric tons)

projects launched in 2015: including 
investigation of how shot peening 
can improve PM gear performance; 
testing a new die wall lubrica-
tion process for warm-tooling; 
studying resonant acoustical powder 
blending; and improving sinter-
hardening with low-mass carbon-
fibre plates. The ongoing low-cycle, 
strain-controlled fatigue study, in 
coordination with the MPIF Stand-
ards Committee, has resulted in 
new data for the MPIF Standard 35 
Structural Parts, including recently 
added PM aluminium data.

It was also reported that C. James 
Trombino, Executive Director of the 
MPIF, would be retiring at the end 
of 2016 and that his place would be 
taken by James Adams. Trombino 
has been at the MPIF for 50 years, 
the last thirteen of which he was at 
the helm of the organisation. Adams 
joined the MPIF in 2004.
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Fig. 11 Jet engine fuel nozzle made by metal Additive Manufacturing and used 
in General Electric’s LEAP aero engine 
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The digitalisation of manufacturing is seen as the next 
industrial revolution, changing the way industry operates 
and streamlining production processes. Often more 
associated with Additive Manufacturing, the idealogy 
of Industry 4.0 is beginning to impact the more traditional sectors the Powder 
Metallurgy industry. Dr Georg Schlieper interviewed a selection of exhibitors at 
the World PM2016 Congress and Exhibition, Hamburg, Germany, and reports his 
personal impressions of the exhibition with focus on press-and-sinter ferrous PM.

World PM2016 Exhibition: 
Digitalisation of the Powder 
Metallurgy industry on show 
in Hamburg

The cosmopolitan city of Hamburg, 
Germany, hosted the European 
Powder Metallurgy Association’s 
World PM2016 Congress and Exhi-
bition, the largest event of the year 
for the global Powder Metallurgy 
industry. The technical conference 
featured more than 400 oral and 
poster presentations and around 
200 exhibitors presented the state-
of-the-art of PM technology during 
a busy four day exhibition.

The exhibition represented 
companies from many sectors of 
the Powder Metallurgy industry. 
It included Hot Isostatic Press 
manufacturers, Metal Injection 
Moulding equipment and feedstock 
suppliers, research establish-
ments, furnace makers, press 
manufactures, metal powder 
suppliers and a variety of tooling 
and ancillary suppliers. There were 
also parts makers represented as 
well as metal Additive Manufac-
turing systems makers.  

PM and the move towards 
Industry 4.0

A working group of industry experts, 
established by the German govern-
ment, presented results of their work 
under the headline ‘Industry 4.0, 
The Fourth Industrial Revolution’ 
at the Hannover Fair in 2013. The 

term expressed the view that we 
are entering a new era of turbulent 
change in most sectors of indus-
trial production. It also implied, of 
course, that there have already been 
three phases of similar revolu-
tionary changes (Fig. 1). The first 
industrial revolution began in the 
late 18th century. It was character-

Fig. 1 The four industrial revolutions (source: Wikipedia)

Industry 4.0

why attend? 
  Learn how to use 3D technologies to reduce time to market, produce stronger  
and lighter parts, improve efficiency, and create complex geometries.

 Consult with industry experts before you make equipment decisions.

 Visit hundreds of 3D technology manufacturers in one room.

 Network with thousands of attendees and see how they’re addressing challenges.    

Visit                               to learn morerapid3Devent.com

MAY 8-11, 2017       EXHIBITS MAY 9-11       David L. Lawrence Convention Center       Pittsburgh, PA

the most influential event  
        in 3D manufacturing

The two industry leaders in 3D technology events, SME and Rapid 
News Publications Ltd., are teaming up to bring you RAPID + TCT.  
The event will be the premier destination for innovation, education, 
collaboration and networking in 3D manufacturing. 

11006_Rapid2017_Full Page Ad Inovar.indd   2 9/9/16   9:46 AM

mailto:paul%40inovar-communications.com?subject=
http://www.rapid3devent.com
http://www.worldpm2016.com/


54 © 2016 Inovar Communications LtdPowder Metallurgy Review       Winter 2016

| contents page | news | events | advertisers’ index | email |Industry 4.0

ised by mechanical machinery and 
processes. The energy required 
came from waterwheels and steam 
engines. In the second industrial 
revolution, beginning in the 1920s, 
mass production of automobiles was 
realised and electricity became the 
main source of power in industry. 
The third industrial revolution is 

said to have been at the end of the 
20th century, driven by the computer 
and progressive automation in mass 
production. Industrial robots were 
invented and took over repetitive and 
hazardous manual labour. 

Today, we are said to be experi-
encing the fourth industrial revo-
lution. The internet, along with 
intelligent software integrated into 
industrial machinery, so-called 
‘Cyber Physical Systems’, are 
progressively changing our profes-
sional and even our private lives. 

Digitalisation of the industrial world 
is rapidly progressing. Data files of 
components in three dimensions 
can be mailed electronically to any 
place in the world within seconds. 
Process data for production equip-
ment are systematically acquired and 
feedback is given to the machine to 
improve the stability of the process. 

Virtual reality software has been 
developed that allows the training of 
people in the operation of machines 
and that can study processes without 
the risk of damage. At the World 
PM2016 exhibition, the influence of 
Industry 4.0 could be observed in 
many places.

Iron and steel powders

Höganäs AB 
One of the world’s leading suppliers 
of iron and steel powders for ferrous 

PM, Sweden’s Höganäs AB, used 
the exhibition at World PM2016 to 
present some innovative PM solutions. 
Höganäs is said to be re-investing 
a substantial part of its revenues 
in fundamental research for the 
advancement of PM technology and at 
the Hamburg exhibition new lubricant 
solutions for pressing and machining 
were presented that improve the 
quality of PM components. Better 
lubricants accelerate the mould 
fill process and allow an increase 
in the production of parts per hour. 
New machining lubricants reduce 
the required forces and improve the 
dimensional accuracy and surface 
quality. 

Eckart Schneider, Director 
Commercial Development PM at 
Höganäs, told PM Review that a new 
concept, called the ‘Quality Toolbox’, 
has been developed by Höganäs for 
Fe-Cu-C alloys, still the ‘work horse’ 
of ferrous PM, with clearly improved 
dimensional accuracy. With newly 
developed binders, the homogeneity 
of the Fe-Cu-C powder mix was 
improved, which clearly reduced the 
dimensional variations after sintering. 
Höganäs claims that this concept can 
help to eliminate secondary sizing and 
machining operations and reduce the 
number of rejected parts. 

Höganäs also presented the first 
six-speed manual gearbox with high 
load-carrying PM gears. The gearbox 
components were designed with a 
specially developed tooth geometry 
and manufactured by project part-
ners from the PM industry according 
to their established processes. “The 
gearbox was bench tested by an 
independent engineering institute 
with shock loads, vibrations and the 
determination of the duty life cycle,” 
stated Schneider. “Then two cars were 
equipped with gearboxes containing 
these PM gears for road tests and 
have successfully run 50,000 and 
70,000 km, respectively.” According 
to Schneider, these tests have proven 
that PM gears made from a special 
alloy with a new design can tolerate 
the loads in a manual gearbox. Addi-
tional benefits over gears machined 
from wrought steel are reduced gear 
noise and weight reduction.

Fig. 2 A new powder lubricant system was successfully utilised in this 
automotive crankshaft sprocket (Courtesy Hoeganaes Corporation) 

“Digitalisation of the industrial world 
is rapidly progressing. Data files of 

components in three dimensions can be 
mailed electronically to any place in the 

world within seconds”
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Hoeganaes Corporation
Also exhibiting at World PM2016 
was Hoeganaes Corporation, USA. 
The company explained its work in 
the development of a high density 
crankshaft sprocket that also utilises 
a new lubricant system to achieve 
enhanced mechanical properties 
(Fig. 2). The process is said to offer 
lubricant levels as low as 0.25 wt.% 
and green densities in excess of 
7.4 g/cm³ at compaction pressures of 
approximately 750 MPa. It has been 
successfully used in the production 
of a crankshaft sprocket with teeth 
density requirements exceeding 
7.20 g/ cm3, overcoming green part 
defects present with prior lubricant 
systems. 

CNPC Powder Group
Chinese iron and copper powder 
producers were also present. CNPC 
Powder Group, with a sales office 
in Canada, commercialises water 
atomised and sponge iron powder as 
well as copper, bronze and stain-
less steel powders made in China. 

The company exports its products to 
over 40 different countries and has 
customers in the Powder Metallurgy, 
Additive Manufacturing, magnet and 
battery sectors.  

Powder presses

Dorst Technologies 
Dorst Technologies GmbH & Co. KG, 
a global market leader for powder 
presses, also sees the future in 
electric presses. Lutz Lackner, Sales 
Representative of Dorst Technologies, 
outlined the advantages of servo-
electric powder presses over 
mechanical and hydraulic presses. 
Servo-electric powder presses 
require much less space in the 
workshop, no environmentally 
critical fluids such as hydraulic oil 
are required, they have less noise 
emissions and energy savings of up 
to 80% over hydraulic presses are 
reported. Further, servo-electric 
powder presses excel in unmatched 
high precision of the powder compact 
and highest productivity. Less 

servicing and maintenance is needed 
due to direct drives.

At Hamburg, Dorst presented a 
new line of servo-electric powder 
presses that is designed for the 
highest precision and maximum 
stroke rates. The press, so far 
available with press forces of 6 and 
12 tons, has four closed-loop controls 
for the upper punch, die, core 
rod and fill shoe movements. The 
positioning accuracy for each of these 
movements is claimed to be within ±1 
micron. Further information on this 
press is presented on page 21 in this 
issue of PM Review. 

Lauffer Pressen 
The reduction of energy consumption 
is driving innovation in the powder 
press sector. Maschinenfabrik Lauffer 
GmbH & Co. KG is a manufacturer 
of hydraulic powder compaction and 
sizing presses. Frank Kiefer, Sales 
Manager of Lauffer, told PM Review 
that much effort has been invested 
in new virtual reality press software. 
The software is used for training 

Fig. 3 The promotion of PM gear technology was a central focus of this island stand, which featured Dorst, Alvier, 
Profiroll and Höganäs. A Dorst servo-electric powder press was operating throughout the exhibition 
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Fig. 6 A Sarnes continuous steam treatment furnace (Courtesy Sarnes)

press operators as well as service 
and maintenance personnel. The 
software includes a virtual press 
visualising all movements of the 
press and tooling. The user wears 
virtual reality glasses that allow him 
to see the press in front of him and 
test all functions. The software is 
also a valuable contributor to tool 
design. The movements of all tool 
elements during compaction can be 
simulated and possible sources of 
problems are easily detected.

Osterwalder AG
PM Review also talked to Michael 
Gassmann, Vice President Sales of 
the Swiss company Osterwalder AG. 
He said that the drive technology of 
the powder presses of Osterwalder 
has been greatly changed in 
recent years. The hybrid solutions 
of mechanical-hydraulic drives 
have largely been replaced by fully 
hydraulic and, more recently, also 
electric drives. Today, Osterwalder’s 
fully servo-electric presses are still 
limited to the range below 50 tons 
compacting force. When Osterwalder 
introduced its first servo-electric 
powder press in 2009, the hardmetal 
industry almost instantly switched to 
the new technology. Today they are 
already widely used in this sector, 
but for most iron and steel powder 
parts the compacting pressure 
is generally not high enough. If 
servo-electric powder presses in 
the 200 ton range become available 
in the future, Gassmann envisages 
a similar trend for the ferrous PM 
sector.

Last year, Osterwalder presented 
new human-machine interface 
(HMI) software that provides active 
user guidance by simple icons and 
intuitive operation of the press. 
Further software development 
is directed at networking with 
databases, either customers’ 
in-house databases, or external ones 
provided by Osterwalder. The idea is 
to fully integrate the press into the 
company’s software organisation. 
This is a distinct step towards 
Industry 4.0, the digitalisation of 
industrial processes, with the new 
platform open for future extensions. 

Fig. 4 The Lauffer Pressen booth at World PM2016 Hamburg

Fig. 5 Virtual reality takes centre stage on the Linde booth
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Sintering furnaces

Key issues driving the innovation for 
sintering furnaces are the reduc-
tion of energy and gas consump-
tion as well as the development of 
improved HMI software for easy 
operation, documentation of furnace 
parameters and integration into 
the data processing systems of the 
customers.

Sarnes Ingenieure GmbH & Co. KG 
Sarnes Ingenieure GmbH & Co. KG 
has 35 years’ experience in mesh 
belt sintering furnaces for the 
PM industry. The main innovation 
presented at the Hamburg exhibition 
was the new CONTIBLU continuous 
steam treatment furnace that, 
according to Frank Sarnes, Managing 
Director, is able to produce gas tight 
sintered parts (Fig. 6). This conveyor 
belt furnace with integrated steam 
generator is available with belt 
widths between 300 and 800 mm. 
In addition to its electrically heated 
sintering furnaces, Sarnes is also 

promoting gas heated furnaces. 
Against a background of rising costs 
for electric power, gas heating can 
offer substantial cost savings. A 
further improvement of conveyor 
belt furnaces is the energy saving 
dewaxing zone.

Cremer Thermoprozessanlagen 
GmbH 
Ingo Cremer, Managing Director 
of Cremer Thermoprozessanlagen 
GmbH, stated that the modern 
ferrous alloys containing chromium 
and molybdenum require higher 
sintering temperatures and longer 
sintering times than the clas-
sical Fe-Cu and Fe-Cu-C alloys. 
Instead of the previous sintering 
at 1120°C/20 min for Fe-Cu alloys, 

these alloys have to be sintered at 
1180°C/30 min. Endogas sintering 
atmospheres are being increas-
ingly replaced by nitrogen/hydrogen 
mixtures with a low dew point. 
Cremer offers mesh belt furnaces for 
up to 1200°C that meet the customer 

demands. Even higher sintering 
temperatures are achieved with 
walking-beam, pusher and roller 
hearth furnaces. More and more 
furnaces are equipped with rapid 
cooling and annealing zones that 
eliminate secondary heat treatment 
processes. 

The integration of sintering 
furnaces into the quality manage-
ment system of the manufacturing 
company is of prime importance for 

“More and more furnaces are equipped 
with rapid cooling and annealing 

zones that eliminate secondary heat 
treatment processes”

Fig. 7 Cremer Thermoprozessanlagen’s booth at World PM2016. The company is the market leader in continuous 
furnaces for Metal Injection Moulding 
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suppliers to the automotive industry. 
At Cremer, computer based Total 
Process Control (TPC) and HMI 
software is standard. Further-
more, the equipment is designed 
for integration into the Continuous 
Quality Improvement CQI-9 process 
management system of the automo-
tive industry for heat treatment 
processes. 

Eisenmann Thermal Solutions 
Peter Vervoort, Vice President of 
Eisenmann Thermal Solutions, 
told PM Review that his company 
specialises in continuous roller 
hearth sintering furnaces for 
temperatures up to 1250°C. At the 
exhibition, the latest innovations of 
Eisenmann’s furnace design were 
presented. A modular concept 
has been developed that allows 
the integration of a subsequent 
quench & temper heat treatment 
after sintering. The basic furnace 
consisting of a lubricant burn-off 
zone, sintering zone and cooling 
zone, can be extended with either all 

or parts of a carburising zone, rapid 
cooling, annealing and final cooling 
zones.

 Besides full size production 
furnaces, Eisenmann also offers 
smaller furnaces for pilot production. 
These furnaces allow the reproduc-
tion of the sintering parameters of a 
full size furnace, so it is possible to 
sinter a pilot series of a new part in 
the pilot furnace without interfering 
with the running production in the 
full size furnaces and later transfer 
the temperature-atmosphere profile 
to the production furnaces. Vervoort 
suggested that such pilot furnaces 
might be installed regionally and used 
by a consortium of PM companies.

CM Furnaces 
CM Furnaces, Inc. is a manufacturer 
of pusher type high temperature 
sintering furnaces from the USA. 
James Neill, Vice President Sales, 
told PM Review that data acquisition 
is high on the agenda for sintering 
furnaces. This is probably true for all 
major furnace manufacturers. 

Fluidtherm Pvt. Ltd. 
The leading Indian furnace maker, 
Fluidtherm Pvt. Ltd., represented 
by its CEO, N Gopinath, specialises 
in pusher-type high temperature 
sintering furnaces and heat treat-
ment of PM steel. Gopinath promoted 
an innovative heat treatment that 
can be integrated with the sintering 
process.

In the interviews with representatives 
of the PM industry, the impression 
prevailed that the industry is well 
prepared for the challenges of the 
Fourth Industrial Revolution.

Author

Dr Georg Schlieper 
Gammatec Engineering GmbH 
Germany
Email: info@gammatec.com

Fig. 8 There was a large variety of industrial PM components on display at World PM2016, including on this impressive 
display organised by Germany’s Fachverband Pulvermetallurgie (FPM)  

Industry 4.0
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The joining of Powder Metallurgy components is already established 
practice, however it is not without its problems. There are difficulties 
that are related to inherent powder characteristics, such as porosity 
or contamination, which influence structural properties of a joint, 
its integrity and performance. Dr Cem Selcuk, Manager and Head 
of Brunel Innovation Centre, UK, describes the various joining 
techniques and highlights those suited to PM component production. 

Successful joining of 
Powder Metallurgy 
components: Process 
choice and application

Joining processes applicable for 
Powder Metallurgy parts can 
be categorised as solid-state 
and liquid-state. The solid-state 
processes, such as diffusion 
bonding and brazing, have been 
predominantly used for lower 
density porous parts. In compar-
ison, parts with higher densities 
or minimal porosity are typically 
treated in the same manner as fully 
dense wrought materials and these 
are welded using fusion-based 
joining processes, including arc 
welding, (i.e. gas tungsten arc (GTA) 
or gas metal arc (GMA)), electron 
beam (EB) and laser welding. 
Further joining techniques, such as 
adhesive bonding and shrink fitting, 
may be used for some applications 
and,  hence, are also considered 
here.

There are a number of issues 
restricting the use of welding for 
joining PM parts. Porosity, either 
deliberate or incidental,  powder 
particle characteristics (particle 
shape, size and surface area) deter-

mine the level of porosity, which in 
turn influences the physical prop-
erties of a preform. These include 
thermal conductivity (and hence 
hardenability) and thermal expansion. 
Also, porosity is a trap for impurities 

and inclusions, which are deleterious 
to the weldability of a PM part e.g. 
encouraging solidification cracking.

Welding is also considered to 
increase susceptibility of PM parts 
(especially for ferrous systems) to 

Fig. 1 Representation of typical welding flaws: HAZ hydrogen cracking (a) and 
weld metal hydrogen cracking (b), lamellar tearing (c) and solidification (hot) 
cracking (d) (Courtesy of TWI Ltd.)
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heat affected zone (HAZ) cracking 
due to the porosity of the preform 
and the limited area of inter-particle 
bonding, thereby resulting in low 
ductility adjacent to the joint. Hence, 
these locations become unable to 
resist thermal stresses / strains as 
a result of contraction in a fusion 
weld and resultant welding distor-
tion. As shown in Fig. 1, typical 
welding defects can be HAZ hydrogen 
cracking, weld metal hydrogen 
cracking, lamellar tearing and solidi-
fication (hot) cracking.

PM parts are known to provide 
good dimensional accuracy, thus, 

if machining operations are to be 
avoided, distortion needs to be 
minimised through the selection of 
appropriate joining technology.

Joining processes

Solid-state processes, such as diffu-
sion bonding, brazing, etc, are consid-
ered to be suitable for lower density 
porous parts. In this context, friction 
welding may be a worthwhile candi-
date process for joining. Parts with 
higher densities or minimal porosity 
tend to be welded using fusion based 

processes: arc welding (Gas tungsten 
arc-GTA, Gas metal arc-GMA), laser 
welding, electron beam welding and 
resistance projection welding.

Successful welding of PM parts 
requires a thorough understanding of 
the influences of porosity, chemical 
composition, impurity level and 
overall cleanliness upon weldment 
properties, weld metal and HAZ 
cracking, ductility and toughness, 
residual stresses and distortion.

Arc welding
Arc welding can be carried out 
either by manual metal arc (MMA) 
or tungsten inert gas (TIG) welding 
(Fig. 2). Arc welding is widely applied 
in industry. However, it may suffer 
from a detrimental influence of 
porosity when welding parts that are 
not fully dense and hence damage 
the structural integrity of PM parts. 
Likely observations include porous 
welds, weld toe cracking, oxide film 
(moisture / insulating effect) that may 
well result in cracking in weldments. 
Some considerations for ferrous and 
non-ferrous PM parts can be outlined 
as below when it comes to the use 
of arc welding as a joining process 
for PM.

Ferrous PM parts 
A soft pearlitic microstructure can 
allow strain that may be generated 
from welding to be accommodated. 

Fig. 2 Schematic representations of manual metal arc; in effect gas metal ar-GMAW (a) and Tungsten inert gas in effect 
gas tungsten arc-GTAW (b) welding (Courtesy of TWI Ltd.)
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Fig. 3 A representation of key hole laser welding and a typical weld (Courtesy 
of TWI Ltd.)
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Hydrogen can diffuse out via the 
inter-connected pores hence reducing 
susceptibility to fabrication hydrogen 
cracking. A post-sintering heat 
treatment, such as steam treatment, 
prevents satisfactory welding due 
to formation of a porous oxide film, 
leading to cracking in weldments.

Non-ferrous PM parts 
Mainly gross porosity and delamina-
tion have been observed in some 
cases.

Laser welding
Laser welding (Fig. 3) as a joining 
process has some distinct advan-
tages. Firstly, it is highly automated. 
Secondly, it offers precision and 
control. Low heat input, limited 
distortion and residual stresses are 
also considerable advantages of this 
joining method. However, it is not 
without its disadvantages. These 
include blowholes, hydrogen cracking 
due to rapid cooling, especially 
when welding ferrous parts, and hot 
cracking. Filler wires can be used in 
order to avoid these issues,but this 
may be regarded as an additional 
complication. 

Typically, low carbon steels are 
satisfactorily welded. Medium carbon 
steels tend to be more difficult, as 
they may generate a hard, brittle and 
hydrogen crack-sensitive marten-
sitic structure. In such instances, 

pre-heating may help to increase 
toughness and reduce sensitivity 
to hydrogen cracking. Sintered 
austenitic stainless steels, for 
example 316L,can be easier to weld. 
Aluminium alloys, on the other 
hand, could result in spongy welds, 
the probable cause being oxidation 
or locally overheated spots. Slower 
travel speed and lower laser beam 
power could potentially overcome 
these issues. Beam weaving tech-
niques may be beneficial for the 
escape of bubbles.

Electron Beam (EB) welding
Electron Beam (EB) Welding (Fig. 4)
is normally applied in high vacuum 
(10-6 mbar), is a batch process and 
may be an expensive option in joining 
PM parts. Typically, it is associated 
with low heat input, limited distor-
tion and low residual stress. EB 
welding has the ability to achieve 
uniform distortion effects and hence 
preserve dimensional stability. It has, 
however, the tendency to result in 
high cooling rates and high hard-
ness in carbon steels. The process 
also has a greater tendency towards 
pore formation. Porosity increases 
with reduced travel speed. Having 
said that, the weld metal porosity can 
be controlled by beam parameters. 
Another important point to note is 
that residual porosity may be detri-
mental through cracking.

Fig. 4 Example of a) EB welding configuration with reduced pressure and b) reduced pressure EB welds in C-Mn steel 
(Courtesy of TWI Ltd.)

Resistance projection welding
In this joining process (Fig. 5), which 
is well established in the automo-
tive sector, the current and force 
are concentrated and localised by 
the shape of a part. Many welds or 
an annular weld can be made in 
a single shot. The sequences are 
as follows: forming an embossed 
projection, stud projection and, 
finally, an annular projection. It is a 
joining technique that is the most 
widely applied for sintered PM parts. 
It offers limited distortion. Any oxide 
layer on parts would cause difficul-
ties and would act as a potential 
source of moisture and, thereby, 
porosity. Any steam treatment should 
be conducted after welding in light 
of this consideration. The process is 
capable of welding high carbon PM 
steels and case hardened parts.

 
Friction welding
Friction welding (Fig. 6) can be 
categorised as rotary, linear or fric-
tion stir welding. The absence of flux 
and fillers or the need for protective 
atmosphere make it an attractive 
joining process. It promotes pore 
closure, which is highly suitable for 
PM parts, hence resulting in a pore 
free weld interface / refined micro-
structure. Friction welding is useful 
in breaking oxide layers on parti-
cles, therefore delivering improved 
bond strength. Any steam treatment 

a) b)

workspace pressure
~10-2 - 10-4 mbar

vacuum
pumping
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should be done after welding to avoid 
any mixing of oxide particles in the 
weld region. Re-orientation and defor-
mation of grains can be observed 
naturally and this may lead to 
potentially weak regions and reduced 
fatigue performance.

Brazing
One problem with this process  is the 
absorption of brazing alloy from the 
joint into the PM part, hence resulting 
in an insufficient amount of mate-
rial for bonding. Secondary prod-
ucts, which one may encounter and 
attribute to flux reactions, may lead to 
blocking of pores or stopping infiltra-
tion. It is important to note that joint 
strength is affected by the surface 
condition of the particles and surface 
roughness of a PM part. Joining of PM 
part to PM or wrought or cast parts 
are all possible. The process is adapt-
able to mass production.

Diffusion bonding
One limitation is size. Oxides (e.g. 
from reactions that provide the diffu-
sion) may reduce bond strength at 
joints. Activated diffusion is one option 
for encouraging high bond strength. 
Low strength joints are limited to 
certain geometries and alloy compo-
sitions. Applications include light 
materials (Al, Ti), but C-Mn steels are 
not common.

Shrink fitting (press fitting)
In shrink fitting, dimensional change 
differences between parts is employed 
to form the joint, which will not be 
necessarily gas or liquid tight. This 

Fig. 5 Projection welding configurations a) embossed projection section b) stud to plate c) annular projection and an 
example microstructure from a typical weld (Courtesy of TWI Ltd.)

Fig. 6 Examples of friction welding; a) rotary b) linear c) friction stir 
configurations and typical weld macrograph and microstructure in Ti alloy 
forging, shown in d) and e), respectively (Images courtesy of TWI Ltd.)
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a)
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d)
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c)
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may be a disadvantage in some appli-
cations. It has been demonstrated 
that, for ferrous PM parts, dimen-
sional change will be dependent on 
the powder selection and the nature 
of the constituents. Shrink fitting 
is a cost effective option for many 
applications, reducing machining, 
especially for parts that could be 
manufactured by other methods, 
such as MIM, for particular geomet-
rical reasons. 

Cylindrical and ring shaped 
compacts are most often joined 
by press fitting. Joint strength is 
dependent on variations in densities 
between the parts, fitting pres-
sure and degree of taper angle, if 
any. Again, when it comes to high 
temperatures or specific operating 
conditions that require a certain level 
of structural integrity considering 
loading, cycles, impact or resistance 
to aggressive environments (e.g. 
high pressure or temperature), press 
fitting may not provide adequate 
structural integrity to overcome the 
effects of fatigue, fracture and inter-
facial chemical reactions that may 
degrade the bonding between parts.
 
Adhesive bonding
The porosity of sintered parts is ideal 
for adhesive bonding, offering high 
bond strength, since surface porosity 
can facilitate mechanical keying 
of the adhesive. Hence, adhesive 
bonding may offer an economic 
means of joining. 

Table 1 Qualitative ranking of joining processes for PM parts in terms of relative distortion, geometrical constraint, 
porosity and cost as high (H), medium (M) or low (L)

Joining Process Distortion Geometrical 
constraint Porosity Cost Typical applications

Arc welding H/M H/M H/M M/L Ferrous and non-ferrous materials

Laser welding M/L M/L H/M H/M Ferrous and non-ferrous materials

EB welding M/L M/L H/M H/M PM and AM Superalloys

Resistance 
projection welding

M/L M/L M/L M/L Ferrous materials

Friction welding M/L M/L M/L H/M Al based PM parts, MMCs

Brazing M/L M/L M/L M/L
Ferrous: PM to PM or PM to wrought 

materials

Diffusion bonding M/L H/M M/L M/L Ferrous, light materials, Ti, MMCs

Shrink fitting M/L M/L M/L M/L Porous materials

Most PM parts can simply be 
joined by gluing. However, the 
surface has to be cleaned and free of 
contaminants. Potential advantages 
include uniform distribution of stress 
and the ability to join thin to thick 
parts, hence complex geometries 
are possible. The major disadvan-
tage tends to be poor resistance to 
elevated temperatures where the 
adhesive degrades, As a result the 
strength of the joint can be signifi-
cantly reduced. However develop-
ments in adhesives have led to high 
temperature performing adhesives 
and offered enhanced temperature 
resistance. It is also worth noting 
that the performance of any adhe-
sive strongly depends on the loading 
mode and, therefore, any testing 
should be representative of the actual 
loading conditions in the application 
of interest.

Summary

A qualitative ranking of joining 
processes for PM parts, in terms 
of relative distortion, geometrical 
constraint, porosity and cost, is 
shown in Table 1. However, there 
is no single best way of joining PM 
parts. It is desirable to weld with 
a process that introduces minimal 
distortion and minimal welding 
defects. Cleanliness of PM parts is 
vital for joining PM parts. Porosity 
is a problem. One advantage that 
steels may have is that hydrogen can 

diffuse out via an open pore struc-
ture, reducing the risk of hydrogen 
cracking. One can achieve improved 
weldability via control of porosity and 
powder characteristics.  

Welding is widely used for PM 
parts. Low heat input is recom-
mended for porous materials. Fusion 
based joining processes result in 
porosity in the weld region that may 
even extend into the parent metal. 
Rapid cooling rates encourage high 
porosity and high hardness in the 
weld zone. Contamination in welding 
can result in weld metal cracking.  
Laser and EB welding may have 
advantages such as inherent low 
distortion. However, rapid thermal 
cycles can be disadvantageous as 
these can result in cracking. Reduced 
pressure EB welding, which only 
requires a vacuum in the order of 
10-3 mbar, is also considered to be an 
attractive joining process for sintered 
porous parts as well as Additive 
Manufacturing (AM).  Friction welding 
can be a suitable candidate for 
closing porosity in PM parts
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Following on from his previous article outlining the joining of 
Powder Metallurgy components, Dr Cem Selcuk focuses on the 
important process of non-destructive testing. Whether to ensure 
the quality of the Powder Metallurgy component or to test joining 
methods incorporated in the production processes, there is a 
variety of techniques that can be employed. Dr Selcuk identifies 
the ones most suited to Powder Metallurgy applications.

Non-destructive evaluation 
for improving quality 
of Powder Metallurgy 
components

Non-Destructive Testing (NDT) for 
Powder Metallurgy is an efficient 
process for improved quality and 
integrity of components, offering 
reduced risk of failure. NDT can 
be adaptable and hence can be 
tailored to mass production and 
high value manufacturing in order 
to achieve a full quality control 
over production. This will lead to 
less rejects, ideally none, in the 
production and manufacturing 
environments. The intention would 
be to have a fully automated NDT 
methodology which is in-line with 
production of net shape parts 
including any secondary processes 
such as joining. This would help 
achieve a part by part inspec-
tion rather than purely relying 
on sampling from a batch and 
then destructively examining a 
part through metallography and 
assuming that the rest of the 
production output is acceptable 
based on this individual part. 

The benefits of having an 
integrated, on-line, automated 
non-destructive testing system would 
be that it would help in checking 
each and every part and offer fully 
documented traceability. At a time 
when high value materials are 

being increasingly sought after for 
demanding applications, one cannot 
and should not waste material 
or take chances in production 
output. PM parts when joined will 
naturally need to be inspected 
non-destructively as one would do 

Materials: 
Ferrous 
Non ferrous
Composites
Ceramic, etc

Geometry:
Part size
Wall thickness 
Complexity

Criticality:
Acceptance criteria
Flaw sizes 
What constitutes a defect? 
Possibility to heal flaws downstream?

Secondary 
operations: 
Joining 
Welding
Bonding

Process: 
Conventional PM
Powder Injection Moulding
Hot Isostatic Pressing 
Additive Manufacturing

Factors to consider when adopting an NDT regime

Fig. 1 Important factors to consider when developing NDT systems 
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with cast / wrought materials, as part 
of the structural integrity assessment 
and quality control of PM parts/joints.

As highlighted in Fig. 1, there 
are a number of factors to consider 
when adopting a NDT regime for PM 
components. Material and process 
considerations include whether 
a part is ferrous, non-ferrous or 
ceramic, for instance, or the type 
of processing such as conventional 
PM, Powder Injection Moulding (PIM, 
MIM), Hot Isostatic Pressing (HIP), 
coating or Additive Manufacturing 
(AM), any secondary processes 
applied and whether or not a part is 
welded and/or bonded. The geom-
etry of the part is another impor-
tant consideration as complexity, 
shape and size may matter in NDT. 
Criticality of the parts in question, 
allowing for any acceptance criteria 
(if available) and flaw size (can it be 
considered as a defect or not), are 
important aspects to consider and 
make note of. Whether there is any 
possibility of healing such flaws or 
features in the processing stages 
as a result is also worthwhile to 
keep in mind and possibly explore 
without having to realise it too far 
down the line. To learn if there are 

there any patterns or signatures 
in the production, so that one can 
observe and categorise them when 
handling the parts or understanding 
the likely flaws / defects or anoma-
lies in manufacturing, will no doubt 
help improve the overall quality of 
production output and assurance. 
This type of information can then be 
used to build a library of data, which 
can be utilised for comparisons of 
batches and traceability of each and 
every part produced, packaged and 
released.

The link between NDT and 
the end user

This is a critically important connec-
tion for any technology to be industri-
alised. Fig. 2 highlights and schemat-
ically shows how this link works for 
quality control and assurance, prefer-
ably by NDT, as an agile method 
without solely relying on destructive 
examination in manufacturing envi-
ronments and is applicable for net 
shape parts, additive manufacturing 
and alike for industrial use.

An automated quality control 
approach is applicable to PM parts 

and PM joints and, hence, covers the 
whole production floor including any 
secondary processes such as joining, 
welding or machining. It still seeks 
to detect unwanted features early on 
through a confident non-destructive 
assessment. The techniques would 
depend on the size of the parts and 
the materials under consideration.  

Flaw detection in PM 
components

Typical features traditionally encoun-
tered as flaws in the Powder Metal-
lurgy process include unintended 
porosity and cracks. These can 
manifest themselves in various ways; 
surface breaking, hidden in the 
bulk, in the joint region if applicable, 
closed, deformed, interconnected, 
tearing, delamination, near edge etc. 
There could also be impurities, inclu-
sions, secondary phases that ought 
to be detected and evaluated in order 
that they can be avoided in the future, 
if they are degrading the quality of the 
parts and product performance.

Fig. 3 captures the essence for 
flaw detection and classification via 
NDT for PM net shape parts. The 
diagram shows the likely flaws that 
can be encountered in PM manufac-
turing and joining of PM and hence 
will need to be detected via NDT for 
quality control.

NDT techniques for PM 
parts and joints

Acoustic resonance 
NDT techniques that have been 
considered and explored include 
acoustic emission / resonance where 
the output is simply a two dimen-
sional graph that shows the signals 
to be interpreted and related to the 
materials and their conditions. 

Ultrasonic testing
Other common NDT techniques in 
manufacturing industry are eddy 
current for conductive materials and 
ultrasonics (surface / guided waves 
depending on the frequency ranges 
and geometry of the parts). Guided 
waves are typically suited to large 

Non-destructive evaluation of PM components

Fig. 2  Illustration showing the influential link between production/
manufacturing processes, NDT and end user applications for a holistic and 
intelligent Quality Control regime over the supply chain (Courtesy C. Selcuk)
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components with high aspect ratios. 
This may include and be suited to 
HIP parts in PM for example. Another 
NDT technique that can be performed 
is based on electro-magnetic trans-
duction, in the form of EMAT sensors, 
which will be a non-contact type 
transduction when applied to any 
PM part. 

Digital radiography 
A more sophisticated and three 
dimensional output with detailed 
information on the bulk of the mate-
rial can be obtained from Digital 
Radiography. Such a technique 
would enable 100% inspection in a 
production environment and can be 
in-line with the production, set to 
inspect each and every part and sort 
out good and faulty batches, if any, 
depending on the product quality 
criteria. Accordingly, this could be a 
very effective means of quality control 
and assurance for PM in production. 
The same approach can be taken for 
adoption in Additive Manufacturing 
as the principle is fully applicable 
and translatable when it comes to 
scanning and classifying the manu-
facturing output for any discrepan-
cies or, indeed, making sure that 
the output quality is consistent, 
uniform and traceable. There are 
examples of EC projects that have 
been carried out successfully across 
wider Europe in industrialising this 
approach. These include; AutoInspect 
for conventionally sintered PM parts 
and DiraGreen for green PM parts 
including MIM. These involved SMEs 
as well as Large Enterprise end 
users with a view to having a system 
in place that can be tested and 
demonstrated in action in an indus-
trially relevant environment. Hence, 
the technology is available for further 
application and refinement.

In-line inspection for quality 
control

It is ideally desired to have high 
inspection speeds (of the order of 
seconds…), high accuracy (microns-
mm), volumetric capability (3D/
bulk), when it comes to scanning 
and detection. In other words, the 

technique should be able detect 
features in the bulk of the part, rather 
than being restricted to the surface, 
for instance. It is also desired to 
have, in an inspection system, high 
throughput targeting 100% full 
inspection of each and every part in 
order to achieve 100% quality control 
and full traceability. 

A fully automated inspection 
capable of scanning PM parts and 
capturing the complete picture of the 
components, providing three dimen-
sional images, will help sort between 
good and bad batches when it comes 
to quality and acceptance criteria 
(Fig. 4). This will be performed in line 

with production and, hence, offer a 
full inspection and quality control in 
a non-invasive manner, rather than 
an inspection based on sampling 
from the production output and 
subsequent destructive examina-
tion through metallography, which 
would not be a 100% inspection of 
the output as that would necessitate 
cutting each and every part open. 
The intention would be, through an 
automated NDT system, to create a 
feedback loop so that the process 
can be corrected, or inhomogeneities 
identified, before it is too late. Such 
a system could offer possibilities for 
re-using material, saving feedstock, 

Non-destructive evaluation of PM components
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Fig. 3 Illustration of what can be regarded as the melting pot of flaws 
or defects if of a critical size that affect the process-structure-property 
relationship and hence the structural integrity of PM parts / joints highlighting 
the requirement of NDT when it comes to detection (Courtesy C. Selcuk)

Fig. 4 Illustration showing the ideal NDE capability suited for PM/net shape 
manufacturing environment with a view to achieve a fully automated, in-line 
and 100% throughput inspection (Courtesy C. Selcuk)
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adjusting raw material, process 
conditions or any heat treatment 
regime and also exploring potential 
healing mechanisms too.

Digital imaging and processing is 
ideal for achieving this objective as 
can be seen in Fig. 5. This shows PM 
parts with surface breaking cracks 
and porosity in the bulk which 
would have gone unnoticed if it were 
not for NDE through digital X-ray 
imaging of the parts and associ-
ated image processing to reveal the 
undesired features. PM joints could 
have similar features hence the 
same approach is applicable. 

Alternative options tend to 
include other NDT methods such as 
manual ultrasonics, acoustic emis-
sion or surface waves. However, 
outputs of these are typically two 
dimensional, in the form of a graph 
with peaks, and open to a vast 
amount of interpretation in order 
to relate to the bulk of a material in 
terms of feature and geometry.

Summary

Several NDT techniques have been 
employed to date. These have their 
limitations, such as incorporating 
manual techniques, having detec-
tion drawbacks and being open to 
interpretation, making it difficult to 
inspect non-destructively and see 
clearly the actual features of a flaw 
that may be critical. In this respect, 
digital X-ray imaging and computer 
tomography (CT) scans and related 
advanced image processing can 
offer the ability to detect and identify 
volumetric features that would 
otherwise be left hidden. On another 
front, guided wave ultrasonics for 
large parts, e.g. HIP components or 
joints, can be effective by offering 
coverage when it comes to non-
destructive evaluation for PM parts. 

Such advances in NDE enable 
flaw detection and classifica-
tion options such as an elaborate 
image library, golden image, date 

and signature for parts manufac-
tured from particulate materials. 
An integrated NDE approach allows 
the gaining of 100% confidence in 
production / manufacturing lines in 
an effective manner through in-line 
NDT for quality control, which can 
eventually help to fine tune a process, 
stock, sort batches and heal parts, 
with an improved understanding and 
agility for handling.
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Fig. 5 a) From left to right; PM part, digital X-ray image and then crack (arrowed) after image processing, b) From left to 
right: digital X-ray radiograph of the PM part; porosity arrowed after image processing (Images courtesy of BIC & TWI)
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Non-destructive evaluation of PM components
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The conference programme at POWDERMET2016, held in Boston, 
Massachusetts, USA, June 5-8, 2016, included hardmetal and hard 
materials contributions in two technical sessions as well as in a 
Special Interest Program on tungsten-based materials. Dr David 
Whittaker reports on a number of the presentations that discuss 
material developments, reducing environmental impact and high 
temperature applications.

POWDERMET2016:
Innovations in hardmetals 
processing and applications 

Novel polycrystalline WC-Co based 
cemented carbides and their 
properties 
The first hardmetal presentation 
reviewed in this article came from 
Johannes Pötschke, Volkmar Richter 
and Markus Mayer of the Fraunhofer 
Institute for Ceramic Technologies 
and Systems IKTS, Germany. The 
authors reported on their develop-
ment of a novel type of cemented 
carbide, consisting of polycrystalline 
WC particles in a Co-based matrix, 
and the superior properties that this 
material type can offer.

Conventional cemented carbides 
consist of mono-crystalline tungsten 
carbide (WC) grains homogeneously 
distributed within a metallic binder 
matrix such as cobalt (Co). Other 
than bending strength, the most 
important mechanical properties 
for hardmetals are hardness and 
fracture toughness. The influence 
of Co content and WC grain size on 
hardness of conventional WC-Co 

hardmetals is shown in Fig. 1. The 
hardness is mainly controlled by 
the WC grain size and the frac-
ture toughness primarily by the 
amount and the width of the Co 

phase and, therefore, the distance 
between neighbouring WC grains. 
With decreasing WC grain size, hard-
ness increases, but fracture tough-
ness decreases. The reason for the 

Fig. 1 Hardness of straight WC-Co hardmetals as function of Co content and 
WC grain size [1]
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decreasing fracture toughness is 
that, with a decreased thickness of 
the Co layer, the ability for elastic and 
plastic deformation is lowered due to 
the accumulation of dislocations at 
grain or phase boundaries.

The high hardness of polycrys-
talline WC particles is used in 
the polycrystalline hardmetals or 
cemented carbides, with the clas-
sical mono-crystalline WC particles 
(hardness ~ 1500 Hv10) in medium to 
extreme coarse grained hardmetals 
being substituted by much harder 
polycrystalline WC particles (hard-
ness ~ 2900 Hv10) of the same grain or 
particle size. This allows the current 
limit of the fracture toughness to 
hardness relationship to be super-
seded  and cemented carbides with 
increased hardness to be achieved.

In the reported study, polycrys-
talline cemented carbides were 
produced using two types of polycrys-
talline WC (pWC) particles. The first, 
designated as R-pWC, was produced 
by recycling of bulk ultrafine and 
binderless WC parts, while the 
second, designated as S-pWC, was 
produced by direct synthesis from 

nanoscaled WC starting powders. 
The R-pWC particles were made 
from cleaned worn water-jet-nozzles 
or pressing dies made from ultrafine 
or nanoscaled binderless WC, the 
intensively cleaned parts being 
crushed in a ball mill. To obtain 
different particle sizes, the particles 
were then sieved, jet milled or sifted 
into different size fractions, e.g. 
5 µm to 15 µm, 15 µm to 45 µm and 
45 µm to 65 µm. The S-pWC parti-
cles were produced via a powder-
technological route. In the first 
step of this route, a nanoscaled WC 
powder with a dBET size of 90 nm 
(powder designation DN4) was mixed 
and wet milled with grain growth 
inhibitors such as VC and Cr3C2. The 
produced mixtures were dispersed 
in water and spray granulated to a 
target granule size (d50) of 40 µm to 
60 µm. The spray granulated parti-
cles were subsequently sintered and 
de-agglomerated. As for the recycled 
R-pWC particles, synthesised S-pWC 
particles were then sieved, jet milled 
or sifted to size fractions, such as 
5 µm to 15 µm, 15 µm to 45 µm and 
45 µm to 65 µm. 

For comparison, mono-crystalline 
cemented carbides with a similar 
grain size were produced. Here, the 
WC powder with the designation 
WC2000 and a dFSSS size of 23 µm 
was used. The production of poly-
crystalline cemented carbides (pCC) 
was carried out by gently mixing and 
milling R-pWC or S-pWC parti-
cles with cobalt and, if necessary, 
additional carbon. After milling for 
12 hours, the mixtures were vacuum 
dried, sieve granulated (<315 µm) 
and sintered using a FAST/SPS 
device. FAST/SPS sintering was 
chosen to limit disintegration and 
dissolution of the polycrystalline WC 
particles due to the good wetting 
of Co. Sintering was carried out at 
1200°C, with a holding time of 2 min 
and a pressure between 80 MPa and 
100 MPa.

To assess the suitability of recy-
cled bulk binderless WC as source 
for polycrystalline WC particles, 
different grades were tested with 
reference to their microstructures 
and mechanical properties. The 
main sources were from two kinds 
of materials, one used in water-
jet-nozzles and another used for 
pressing dies. Hardness, fracture 
toughness and mean chord length of 
these two grades, as well as of one 
reference material produced by the 
authors, are given in Table 1. These 
assessments showed increasing 
hardness and fracture toughness 
with decreasing grain size. Poly-
crystalline cemented carbides were 
produced with different Co contents, 
particle sizes and with all three 
pWC particle grades using the SPS/
FAST technique. Mono-crystalline 
cemented carbides with similar 
particle sizes and grain sizes were 
also produced under the same 
conditions as the polycrystalline 
cemented carbides, for comparison. 
A selection of compositions is given 
in Table 2.

Light optical images of the 
polycrystalline cemented carbides 
with the three different pWC grades 
(DS60, Roc500 and IKTS) are shown 
in Fig. 2. While the cemented 
carbides with polycrystalline WC 
particles produced by recycling and 

Sample Production 
method

Mean chord 
length [nm]

Hardness 
[HV10]

Fracture 
touglmess 
[MPa*m1/2]

DS60 SPS/FAST 250 2430 6.7

Roc500 ROC 190 2650 6.8

IKTS SinterHIP 170 2720 7.0

Sample 
designation

Co content 
[wt%] pWC grade Particle size 

[μm]

DS60-10-4/20 10 DS60 4 - 20

DS60-15-32/45 15 DS60 32 - 45

DS60-15-4/20 15 DS60 4 - 20

Roc500-10-4/20 10 Roc500 4 - 20

IKTS-10-4/63 10 IKTS 4 - 63

IKTS-15-4/63 15 IKTS 4 - 63

2000-10-15/90 10 Monocrystalline WC 15 - 90

2000-15-15/90 15 Monocrystalline WC 15 - 90

Table 1 Properties of bulk binderless WC [1]

Table 2 Compositions of polycrystalline based cemented carbides [1]
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the mono-crystalline WC particles 
show an angular morphology, the 
cemented carbides produced with 
polycrystalline WC particles made by 
spray drying consist of quite round 
WC particles. 

To study the microstructures in 
more detail, backscattered FESEM 
images were taken at different 
magnifications, as shown for some 
samples in Fig. 3. Between the large 
pWC particles, some smaller WC 
particles can be seen. It was consid-
ered that these most likely origi-
nated from the ball milling process 
and that, because of their presence, 
a binder hardening effect and, 
therefore, a toughness decrease 
was to be expected.

Fig. 4 shows the measured 
fracture toughness/hardness 
relationships for a range of conven-
tional (mono-crystalline) cemented 
carbide grades and for the various 
polycrystalline grades processed in 
the reported study. Hardness and 
fracture toughness values vary over 
a large range, but all polycrystalline 
samples showed a large increase in 
hardness compared to the mono-
crystalline grades. Due to the binder 
hardening effect of smaller WC 
grains discussed above, the fracture 
toughness of the “fine grained” 
polycrystalline hardmetal is lower, 
with values comparable with those 
of fine or submicron conventional 
cemented carbide. With nanoscaled 
inner grain size (samples Roc500 
and IKTS), a much higher hard-
ness and around the same fracture 
toughness can be achieved, as 
compared to the fine scaled inner 
grain size (DS60). It can be seen 
that, for both nanoscaled pWC 
grades, the conventional fracture 
toughness to hardness relationship 
has been exceeded.

Future work is planned to study 
the influence of particle size and 
to reduce the amount of the small 
dispersed WC grains and thus to 
increase the fracture toughness to 
values found for the mono-crystal-
line cemented carbides. For produc-
tion in conventional sinter furnaces 
(SinterHIP), the coating of pWC 
particles will also be considered.

Fig. 2 Light optical images of polycrystalline and mono-crystalline cemented 
carbides [1]

Fig. 3 Backscattered FESEM images of polycrystalline cemented carbides [1]

Fig. 4 Fracture toughness to hardness relationships for conventional in 
comparison with polycrystalline cemented carbides [1]
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The development and properties 
of extra coarse grained WC- Co 
hardmetals 
Nie Hongbo, Zeng Qisen, Zheng 
Jianping, Wen Xiao and Yu Yang 
(Xiamen Tungsten Co. Ltd., China) 
reported on the development and 
properties of extra coarse-grained 
WC-Co hardmetals. Extra coarse-
grained hardmetals are defined as 
those with a WC linear intercept 
grain size of more than 6.0 µm. 
These tool materials are suitable 
for continuous operation in extreme 
conditions with significant thermal 
cycling, because of  their excellent 
toughness, thermal shock resist-
ance and wear resistance. The 
development and preparation of 
extra coarse-grained hardmetals 

is currently of significant interest in 
China.

The preparation of extra coarse-
grained hardmetals is not without its 
difficulties, as WC powder particles 
can be broken during milling and 
their size greatly reduced in the 
conventional Powder Metallurgy 
process. However, it has been found 
that extra coarse-grained hardmetals 
can be prepared successfully by 
adding activated fine WC powders 
to improve the sintering activity of 
the system. Due to this increased 
sintering activity, the milling of the 
WC powder could be performed more 
gently, thus preventing excessive 
crushing of the powder particles. 
This method of preparation of extra 
coarse-grained hardmetals by adding 

fine powders was discussed in the 
presented paper and the achievable 
properties were also reported.

The first step in the preparation 
method was to place fine WC powder 
(mean particle size 0.4 µm to 1.2 µm) 
and ethanol in a drum-type ball mill. 
After wet milling for 24 to 120 hours, 
the powders with mean particle size 
0.1 µm to 1.0 µm were then vacuum 
dried. Next, the Ready-to-Press 
(RTP) powders were prepared by 
placing the extra coarse WC powders 
(6.0 µm to 10.0 µm) into the same ball 
mill, along with cobalt and/or nickel 
powders, the activated fine powders 
previously prepared and paraffin 
waxes and ethanol. After wet milling 
for 8 to 24 hours, the RTP powders 
were vacuum dried. Finally, the RTP 
powders were pressed into green 
compacts, which were then vacuum 
sintered or sinter- HIPped. Sintering 
temperatures ranged from 1450°C to 
1500°C with a holding time of 1 hour.

Fig. 5 shows two scanning 
electron micrographs (SEM) of 
extra coarse-grained hardmetals 
prepared by vacuum sintering 
with cobalt contents of 7 wt% and 
10 wt%, respectively. Both of these 
RTP powders contained 5 wt% 
activated sub-micron powders. The 
WC linear intercept grain sizes of 
these two hardmetals were greater 
than 6.5 µm. Most of the WC grain 
boundaries were straight and the WC 
grains were equiaxed. Metallographic 
examination also revealed low 
porosity levels and few macroscopic 
holes.

Fig. 6 demonstrates the micro-
structure evolution of the RTP 
powders during vacuum sintering. 
Four samples, sintered at 800°C, 
1000°C, 1300°C and 1360°C for five 
minutes, were selected for SEM 
observation. After sintering at 800°C, 
the microstructure of the sample 
was virtually identical to the starting 
RTP powders. The activated powders 
and the cobalt powders filled in 
the gaps between the broken extra 
coarse powders in Fig. 6(a). However, 
after sintering at 1000°C, signifi-
cant changes in the microstructure 
occurred. Most of fine powders had 
disappeared and spread over the 

Fig. 5 Scanning electron micrographs (SEM) of extra coarse-grained 
hardmetals with Co contents of: (a) 7 wt% and (b) 10 wt% [2]

a) b)

Fig. 6 Microstructure evolution of sintered hardmetals in vacuum sintering 
at sintering temperatures of (a) 800°C, (b) 1000°C, (c) 1300°C and (d) 1360°C, 
respectively [2]

a)

c)

b)

d)
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surface of the extra coarse powders, 
with only the larger particles in the 
fine powders being retained. Almost 
all of the fine powders, including 
the activated powders, disap-
peared on sintering at 1300°C. The 
activated powders and the cobalt 
powders generated a solid solu-
tion and this solid solution coated 
the extra coarse powders, which 
began to sinter together, as shown 
in Fig. 6(c). In Fig. 6(d), the green 
compact had almost sintered into 
an extra coarse-grained hardmetal 
and the broken extra coarse parti-
cles had been converted into extra 
coarse grains.

According to the Ostwald-
Freundlich equation, the greater the 
size difference between the coarse 
and fine particles, the greater is 
their solubility difference. This was 
consistent with the observation that 
the solution of the fine WC powders 
in cobalt inhibited the solution of 
the extra coarse powders. There-
fore, the activated powders could 
be seen to act in a dual role; firstly, 
to improve sintering activity and, 
secondly, to inhibit the dissolution of 
the extra coarse WC powders during 
sintering. A brief summary and 
schematic description of the above 
analysis for making extra coarse-
grained hardmetals by adding acti-
vated powders to the RTP powders 
is given in Fig. 7.

Table 3 shows the mean WC grain 
sizes, coercive force, hardness, 
TRS, fracture toughness, abrasive 
wear resistance and compression 
strength of the tested samples. The 
mean WC grain sizes of the tested 
samples ranged from 6.2 to 7.2 µm, 
with a mean value of 6.8 µm, i.e. 
all the samples were classified as 
extra coarse-grained hardmetals. 
The coercive force, TRS, hardness 
and abrasive wear resistance of 
these hardmetals decreased with 
increasing cobalt contents, while 
fracture toughness was positively 
related to increasing binder content.

The fracture toughness values 
of all samples were greater than 
20.0 MPa·m0.5, indicating the favour-
able toughness of extra coarse 
grained hardmetals. For compar-
ison, the fracture toughness of 
sub-micron- grained hardmetals 
with 10 wt.% cobalt ranges from 
10.5 MPa· m0.5 to 11.5 MPa·m0.5, less 
than half that of the extra coarse-
grained hardmetals at the same 
cobalt level.

Fig. 8 shows the thermal conduc-
tivities of an extra coarse-grained 
hardmetal with 10% cobalt with 
increasing temperature. For compar-

Fig. 7 Schematic description of the preparation of extra coarse-grained 
hardmetals by adding activated powders to RTP powders [2] 
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Samples
Cobalt 

content /
wt%

WC grain 
size /μm

Coercive 
force /Oe

Hardness /
HRa TRS /MPa

Fracture 
toughness 
/MPa m0.5

Abrasive wear 
resistance         
/x105cm3R1

Compress 
strength*       

/MPa

1 5.5 6.3 45.5 87.0 2500 20.6 18.5 3254

2 6.0 6.5 42.0 86.7 2480 21.3 20.1 3150

3 6.5 6.2 42.3 86.5 2440 21.6 20.5 3185

4 7.0 6.5 39.7 86.1 2420 21.8 22.0 3129

5 7.5 6.3 40.1 85.9 2420 22.3 22.5 3084

6 8.0 6.7 37.6 85.6 2340 22.8 22.9 3013

7 8.5 6.3 39.6 85.5 2440 23.0 23.0 3016

8 9.0 6.9 39.5 85.1 2320 23.8 23.7 2891

9 10.0 6.8 41.6 84.8 2380 24.3 25.3 2862

10 12.0 7.2 34.9 83.7 2320 25.3 28.0 2715

Table 3 The coercive forces and mechanical properties of extra coarse-grained hardmetals with various cobalt 
contents [2]
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Samples Binder
The apparent 

activation energy 
Ea kJ/mol

The reaction 
frequency factor 

A (x108)
Adj. 

R-square

9 10wt% Co 188.3 2.086 0.9987

9NI
5wt% Co and 

5wt% Ni
186.1 1.383 0.9990

Table 4 Oxidation activation energy Ea and frequency factor A of two extra 
coarse-grained hardmetals [2]

Fig. 9 A schematic description of the standard hardmetal manufacturing route 
[3]

ison, the thermal conductivities of a 
sub-micron- grained grade with the 
same cobalt content was also shown 
in this figure. The thermal conduc-
tivities of the extra coarse-grained 
hardmetal decreased gradually with 
increasing temperature. However, it 
was clear that the thermal conduc-

tivities of the extra coarse-grained 
hardmetal with less WC/Co bounda-
ries were better than those of its 
sub-micron counterpart, especially at 
room temperature. 

The good thermal conductivity and 
fracture toughness of extra coarse-
grained hardmetals provide the 

basis for their excellent thermal 
shock resistance. Table 4 lists the 
oxidation activation energy Ea and 
frequency factor A of extra coarse-
grained hardmetals with oxidation 
temperatures of 650°C to 750°C. 
The two hardmetals contained a 
10 wt.% cobalt binder and a 5 wt.% 
cobalt - 5wt.% nickel complex 
binder, respectively. Their similar 
oxidation activation energies 
indicate that the two extra coarse-
grained hardmetals possess 
similar oxidation behaviour. 
However, the authors proposed that 
a more detailed study on this issue 
will be needed in the future.

Reduction of the environmental 
impact of hardmetals
In the Special Interest Programme, 
Pankaj Mehrotra (Kennametal 
Inc., USA) turned the attention 
to identifying means of reducing 
the environmental impacts of 
hardmetal production. The author 
pointed out the need to look for 
opportunities for reduction of envi-
ronmental impact at each stage of 
the standard hardmetal production 
route. Fig. 9 shows a schematic 
description of this route. Potential 
strategies for impact reduction at 
each stage were then highlighted 
and, in many cases, the challenges 
to be overcome in implementing 
these strategies were identified.

At the raw material stage, 
the strategy highlighted was to 
increase the use of recycled mate-
rial. Currently, the level of recycled 
W is 35% or more. In producing 
virgin WC, the approach would be 
to use cleaned and oxidised hard 
and soft scrap, instead of ore/
concentrate. The potential benefits 
were defined as being lower energy 
costs, lower capital investment, 
fewer processes, less waste 
product and better yield levels. 
The issues to be considered would 
include the impact on downstream 
process steps and the identifica-
tion of value streams for additional 
recoverable materials.

In producing WC-Co blends, 
multiple processes are available to 
recycle hardmetal scrap in place of 
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Fig. 8 The thermal conductivities of an extra coarse-grained hardmetal and a 
sub-micron- grained hardmetal, both with 10 wt.% cobalt [2]
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Fig. 10 Advanced pressing technologies [3]

Fig. 11 Extrusion and injection moulding [3]

Fig. 12 Green machining [3]

virgin material: Cold stream process 
with crushed and screened scrap; 
Zinc process-bloat by forming Zn/Co 
amalgam, which is then crushed and 
screened; High temperature bloating 
followed by crushing and screening; 
chemical processes to dissolve Co 
and other additives. Several of these 
processes may introduce potential 
problems, for example, iron contami-
nation, zinc contamination, carbon 
and microstructural control or high 
process energy consumption, and the 
pressing behaviour of the recycled 
material needs to be considered.

In grade powder production, 
the proposal would be to replace 
organic solvent processing with water 
processing. The benefits would be 
reduced capital costs and processing 
costs and reduced environmental and 
safety concerns. However, poten-
tial downstream impacts, in binder 
system selection, milling and spray 
drying and pressing and sintering 
cycles, were identified as considera-
tions.

At the green shaping stage, 
increased use of net- and near-net 
shaping (NNS) methodologies were 
identified as a means of reducing 
overall hardmetal consumption. Such 
approaches may include multi-axial 
and side pressing (Fig. 10), extrusion 
and injection moulding (Fig. 11) and 
green machining of simpler shaped 
compacts (Fig. 12). 

In sintering, the main driver 
would be the need for modifications 
in sintering conditions, to cope with 
the changes to raw material charac-
teristics and subsequent upstream 
processes.

In finish grinding, envisaged 
benefits would be the lower levels 
of required stock removal with NNS 
parts and the consequent lower 
levels of grinding wheel wear and 
processing costs, There would, 
however, be the needs for modified 
fixture configurations (with tighter 
tolerances) and hardware. Grinding 
processes would need to be devel-
oped to achieve tighter tolerances, 
to cope with lower “room for error” 
associated with having less grinding 
stock and to offer the ability for 
processing more complex shapes.
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Carbide composites for high-
temperature applications
Finally, attention was moved from 
hardmetals into the high temperature 
materials arena by a presentation 
from Dae-Gwon Ha, Ji-sun Han, 
Sang-win Seo and Shinhoo Kang 
(Seoul National University, Korea), 
which discussed the processing of 
hafnium-tantalum carbide compos-
ites. Hafnium carbide (HfC) and 
Tantalum carbide (TaC) are promising 

Fig. 13 XRD patterns of the (Hf1-XTaX)C (x=0.05, 0.1, 0.2, 0.3) solid-solution 
carbide powders, after carbothermal reduction (1450°C, 1 h)  [4]

Fig. 14 FE-SEM images of the (Hf1-XTaX)C (x=0.05, 0.1, 0.2, 0.3) solid-solution 
carbide powders, after carbothermal reduction: (a) (Hf0.95Ta0.05)C, (b) (Hf0.9Ta0.1)C, 
(c) (Hf0.8Ta0.2)C, (d) (Hf0.7Ta0.3)C [4]

candidate materials for high temper-
ature applications such as hyper-
sonic flight vehicles, because they 
are ultra-high temperature ceramics 
(UHTCs). They have extremely high 
melting temperature (>3800°C), 
high hardness (HfC: 20 GPa, TaC: 
19 GPa), high electrical conductivity 
and excellent chemical stability. 
However, their strong covalent 
bonding and low self-diffusion coef-
ficients make them hard to densify. 

High temperature (>2000°C) and high 
pressure are required to achieve full 
densification and severe sintering 
conditions cause grain growth and 
detrimentally affect properties.

Hf-rich HfC-TaC solid solution 
carbides can be more favourable 
candidates for high temperature 
applications, because the thermal 
stability of hafnium oxide (HfO2), 
developed during the oxidation of HfC 
or HfC-TaC solid solution, at high 
temperature (> 2000°C) is far supe-
rior than that of Ta2O5.

The reported study covered a 
synthesis method and the basic 
characteristics of Hf-rich HfC-TaC 
solid solution carbide powders and 
sintered specimens. Nano-size 
HfC-TaC solid solution carbide 
powders, which are favourable for 
low temperature sintering, have been 
developed through a simple carbo-
thermal reduction. Spark Plasma 
Sintering (SPS) has also been intro-
duced as a potentially more effective 
means of sintering HfC-TaC solid 
solution carbides.

(Hf1-X TaX)C solid solution powder 
was synthesised by high energy ball 
milling and carbothermal reduc-
tion, the starting powders being 
HfO2, Ta2O5 and graphite. These raw 
materials were dry mixed to obtain 
the target compositions of (Hf1-XTaX)
C (x=0.05, 0.1, 0.2, 0.3 mole fraction). 
0.5 wt% excess graphite was added 
to compensate for the carbon loss 
during the synthesising processes. 
The mixtures were ground in a plan-
etary mill. The milled powders were 
the loaded into a graphite furnace in 
vacuum (~10-2 torr) and carbothermal 
reduction was carried at 1450°C for 1 
hour. The synthesised powders were 
then loaded into graphite moulds and 
densified by SPS at 1900°C for 10 min 
under a uniaxial pressure of 80 MPa 
in low vacuum (< 20 Pa).

Fig. 13 shows the XRD patterns of 
the (Hf1-X TaX)C (x = 0.05 - 0.3) solid 
solution carbide powders that were 
synthesised via the carbothermal 
reduction at 1450°C for 1 hour. 
Crystalline HfC phase is detected 
and residual oxide and graphite were 
not observed, although synthesis 
temperature was quite low.
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Specimens Hardness
(Hv 5, GPa)

Relative density,
(%)

(Hf0.95Ta0.05)C 16.74 ± 0.49 97.8

(Hf0.9Ta0.1)C 16.47 ± 0.29 97.3

(Hf0.8Ta0.2)C 17.65 ± 0.15 98.3

(Hf0.7Ta0.3)C 19.54 ± 0.36 97.3

Table 5 The hardness and density of sintered (Hf1-XTaX)C (x=0.05, 0.1, 0.2, 0.3) 
solid-solution carbides [4]

Fig. 14 shows the morphology of 
(Hf1-X TaX)C (x = 0.05 - 0.3) solid solu-
tion carbide powders. Most of the 
particles were smaller than 30 nm. 
Severe milling conditions and low 
carbothermal reduction tempera-
ture delivered successful inhibition 
of particle growth and this seems to 
be favourable for low temperature 
sintering.

Nano-(Hf1-X TaX)C (x = 0.05 - 0.3) 
solid solution carbide powders 
had high surface energy, due to a 
large surface area and high defect 
concentration at the surface. This 
surface energy worked as a strong 
driving force for densification, which 
facilitated low temperature sintering. 
Furthermore, SPS enhanced the 
sinterability of specimens at low 
temperature, through the application 
of high DC current and high pressure.

The densities and mechanical 
properties of (Hf1-X TaX)C (x = 0.05 - 
0.3) solid solution carbides are shown 
in Table 5. All (Hf1-X TaX)C (x = 0.05 
to 0.3) solid solution carbides had 
high relative density ranging from 
97.3 to 98.3 %, indicating that (Hf1-X 
TaX) C solid solution carbides had 
good sinterability. The hardness and 
relative density of (Hf0.95Ta0.05)C was 
16.74 GPa, which was comparable 
with previously reported HfC compos-
ites, considering that it sintered 
at relatively low temperature and 
did not contain additional sintering 
aids. The hardness of (Hf1-X TaX)C 
solid solution carbides significantly 
increased as x (dissolution of TaC) 
increased. (Hf0.7Ta0.3)C showed the 
highest hardness, 19.54 GPa, among 
the (Hf1-X TaX)C specimens and this 
value was superior to monolithic HfC 

base composites reported previously. 
Therefore, it may be concluded that 
the formation of (Hf1-X TaX)C solid 
solution phase is the key factor in 
improving the mechanical properties 
of HfC.

Based on these reported results, 
the authors concluded that (Hf1-X TaX)
C solid solution carbides have a high 
potential for use in UHTC applica-
tions. Further study is required to 
develop the synthesis method and to 
quantify properties such as thermal 
stability and high temperature 
mechanical properties
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industry events

MIM 2017
February 27 - March 1, Orlando, USA 
www.mim2017.org 

APMA 2017 - 4th International Conference on 
Powder Metallurgy in Asia
April 9-11, Hsinchu, Taiwan 
apma2017.conf.tw

PM CHINA 2017
April 26-28, Shanghai, China 
www.cn-pmexpo.com/en/ 

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

19th Plansee Seminar 2017
May 29 - June 2, Reutte, Austria 
www.plansee-seminar.com

6th National Congress on Powder Metallurgy /  
1st Ibero-American Powder Metallurgy Congress
June 7-9, Ciudad Real, Spain 
vicnp.es

AMPM2017 Additive Manufacturing with 
Powder Metallurgy Conference
June 13-15, Las Vegas, USA 
www.mpif.org

POWDERMET 2017
June 13-16, Las Vegas, USA
www.mpif.org

EPMA Powder Metallurgy Summer School 2017
June 19-23, Grenoble, France
summerschool.epma.com

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

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

Now available as a FREE PDF download

For in-depth coverage of the PIM industry....

• Available as a FREE PDF download from

www.pim-international.com/magazine

• Exclusive industry news

• Specially commissioned features

• Company visits

• Conference reports and much more

PIM International is the only publication dedicated 

to serving the global PIM industry, comprising 

the metal (MIM), ceramic (CIM) and carbide 

injection moulding sectors. Don’t miss the latest 

commercial and technological developments from 

this dynamic high-growth industry.....

Print subscriptions are also available for £145. For more information visit www.pim-international.com/subscribe

2016 Summer house advert PIM International.indd   1 30/11/2016   20:29:31

PM-17
February 20-22, New Deli, India 
www.pmai.in/pm17
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Advertise 
with us... 
Combining print and digital 
publishing for maximum exposure 

Powder Metallurgy Review is an international 
business-to-business publication dedicated 
to reporting on the technical and commercial 
advances in PM technology.

Available in both print and digital formats, 
Powder Metallurgy Review is the perfect 
platform to promote your company to a global 
audience. 

For more information contact  
Jon Craxford
Advertising Sales Director 
Tel: +44 207 1939 749
Fax: +44 (0)1743 469909
Email: jon@inovar-communications.com
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International
Congress & Exhibition
1 - 4 October 2017
MiCo - Milano Congressi, Milan, Italy
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