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Inspire industry to make more with less.

Do you want to achieve tighter tolerances and minimise 

machining work and scrap levels? Höganäs new high precision 

toolbox for customising Fe+Cu+C mixes enables you to tailor 

the powder composition to your specific application. Improving 

dimensional stability and copper distribution, it secures the 

highest possible raw material utilisation and takes your PM 

production to formerly unseen levels.

Do you want to tune up your operation?  
Visit us at Euro PM2017, stand 99, or go  
to hoganas.com/toolbox 

The high 
precision 
toolbox

Tune up for top performance
Höganäs high precision Fe+Cu+C toolbox for improved operational excellence

http://www.pm-review.com
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Cover image  
Sumitomo produces a wide 
range of PM products, mostly 
for automotive and HVAC 
applications (Courtesy Sumitomo 
Electric Industries, Japan)

Challenges facing the 
refractory metals and hard 
materials industries  

At the end of May this year the international refractory metals 
and hard materials communities gathered in the small 
Austrian market town of Reutte. The 19th Plansee Seminar, 
held over five days at the headquarters of the Plansee Group, 
once again proved to be the perfect event for delegates to learn 
about the latest advances in applications, materials, processes 
and testing methods from leading international experts. 
 
An ever changing market and fluctuating raw material prices 
pose a challenge for any industry and keynote presentations 
made at the seminar showed that the refractory metals and 
hard materials industries are no exception. 
 
The effect of growing competition from other materials, 
especially in new markets, was cited as a challenge that 
requires a strong focus on increased efficiencies. Although 
there may be few alternative materials in traditional 
applications, a greater understanding of customer 
requirements and market trends will be key to sustaining 
growth. 
 
New applications and alternative production processes, such 
as metal Additive Manufacturing, may not be sufficient to stay 
competitive. It was suggested that the industry will also need to 
adopt increased automation, with the additional data analysis 
required to compete as Industry 4.0 becomes a reality. 
 
Read our report from the 19th Plansee Seminar beginning on 
page 79, as well as a report of the activities of the EPMA’s Hard 
Materials Group on page 89, to discover the challenges facing 
the industry and the opportunities which they present.     

Paul Whittaker
Editor, Powder Metallurgy Review

MOBILE DEVICE APPS NOW AVAILABLE FOR DOWNLOAD
@HoeganaesCorp

FOLLOW US ON SOCIAL MEDIA AT:
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We know what makes 
Hard Metals

Meeting the highest standards for drying and powder quality

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

process technology for the production of hard metals and advanced ceramics. 

We have pioneered this technology, and our expertise helps you to meet the 

highest standards of powder quality, including powder size distribution, 

residual moisture content, bulk density and particle morphology. At the same 

time, all GEA plants are designed to comply with the strictest requirements 

regarding effi  ciency, health and safety and environmental compliance. 

More information:  chemical@gea.com
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57 Sumitomo Electric Industries: Innovation 

and automation drive success in PM 
component manufacturing

 Japan’s Sumitomo Electric Industries has been 
at the forefront of innovation within the Powder 
Metallurgy industry for many years. Following a 
visit to Sumitomo’s Okayama facility, Dr Yoshinobu 
Takeda provides an overview of the company’s key 
achievements.  

67   Freeman Technology: Optimising metal 
powder characterisation with dynamic 
powder testing

 Understanding the behaviour of metal powders 
throughout the PM process is essential for the 
production of high quality components. Freeman 
Technology’s Jamie Clayton presents the 
company’s dynamic powder testing process.

73  Outstanding examples of PM’s diversity 
recognised in the MPIF’s 2017 Design 
Excellence Awards

 The winners in the MPIF’s 2017 Powder Metallurgy 
Design Excellence Awards competition were 
announced during POWDERMET2017. We 
highlight the ‘press and sinter’ PM components 
that received either Grand Prizes or Awards of 
Distinction. 

79  19th Plansee Seminar: Production trends in 
refractory metals and hard materials

 We report from the 19th Plansee Seminar on two 
keynote presentations. Plansee SE’s Ulrich Lausecker 
provided an overview of global trends in the refractory 
metals markets and Dr Christoph Gey of Kennametal 
Inc. presented a paper on the production and 
research trends in the hard materials sector.

89  EPMA’s European Hard Materials Group 
addresses challenges facing the industry  

 The EuroHM group met recently to review the status 
of four ongoing club projects. The meeting also 
included presentations on health and safety from 
Tuulia Svanehav of Sandvik Machining Solutions and a 
review of the tungsten powder market by Dr Andreas 
Bock of Wolfram Bergbau und Hütten GmbH.

95  POWDERMET2017: Lightweighting through the 
use of PM-processed aluminium alloys 

 Papers presented at the MPIF’s POWDERMET2017 
conference discussed the impact of PM-processed 
aluminium alloys in transportation and electrical 
power transmission applications. Our report reviews 
a selection of these papers.

http://www.gea.com/en/index.jsp
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LOOMIS PRODUCTS Kahlefeld GmbH
LOOMIS PRODUCTS COMPANY

CIP-COLD-ISOSTATIC-PRESSES
� WET BAG PRESSES
� DRY BAG PRESSES

LABORATORY PRESSES

PISTON EXTRUDER
� CONTINUOUS PISTON EXTRUDER
� PISTON EXTRUDER 16 T - 500 T 

CONSULTATION AND COMPLETE PLANT DESIGN

TOOLING

since 1917

buy the original · buy quality

Stockwiesen 3 · 67659 Kaiserslautern/Germany · Tel +49 (0)6301-79999-70 · Fax +49 (0)6301-79999-92 · info@loomis-gmbh.de · www.loomis-gmbh.de Metal Powders
www.qmp-powders.com

Committed to deliver high-quality iron & steel powders
Rio Tinto Metal Powders (RTMP) is a registered
ISO 9001, ISO 14001 & ISO/TS 16949 company 
and the only major powder producer in the world 
to manufacture iron powder from low residual ore.
As a result, RTMP offers exceptional consistency
in its full range of iron and steel powders.

RTMP uses a continuous improvement process 
to meet and exceed market standards. It’s 
numerous recognitions have contributed to RTMP
becoming the first ferrous powder producer in the
world to certify under ISO 9001 and ISO 14001.

RTMP was also the first ferrous powder 
manufacturer to meet the quality standards
of ISO/TS 16949. Both RTMP’s plants in Canada 
and in China are registered to this standard.

RTMP iron & steel powders are a symbol of total
quality management. We assure our customers
that our powders will provide superior properties
to meet the most challenging applications.

RTMP is a reliable supplier committed 
to total quality assurance.

D-5050_Review_Automn_Issue-3.qxp_Mise en page 1  2017-09-01  08:30  Page1

Powder Metallurgy components feature 
in new Ariane 6 Vinci thrust chambers

The latest generation of the Ariane 
space rocket launcher, scheduled to 
enter service in 2020, will reportedly 
offer an increased payload carrying 
capacity and the flexibility to perform 
a wide range of missions with high 
reliability. Production has now 
begun on the rocket’s Vinci engine at 
ArianeGroup (formerly Airbus Safran 
Launchers) in Ottobrunn, Germany. 
The Vinci engine, which is incorpo-
rated in the upper stage of Ariane 6, 
will take over thrust capacity once the 
rocket has escaped Earth’s gravita-
tional field using its main stage and 
solid fuel boosters. The engine has 
been designed to be both energy-
efficient and reignitable, crucial for 
ensuring optimal propulsion in space.

Both Powder Metallurgy and 
Additive Manufacturing techniques 
are used to manufacture components 
in the Vinci engine, which the 
engine’s designers report improve 

will intensify the price pressure in 
future. Ariane 6 is a response to this 
situation, as its launch costs will 
be approximately half of what they 
were with its European predecessor, 
Ariane 5.”

The Vinci engine’s main body will 
be produced in Vernon, France, by 
ArianeGroup, while the combustion 
chamber is being produced in 
Germany. 

www.arianespace.com
www.dlr.de    

cost and time efficiency. “These two 
methods have substantial advantages 
compared to cast or forged products, 
as components involving complex 
structures can be produced in large 
numbers, without the need for 
mechanical reworking,” stated Denis 
Regenbrecht, who is responsible 
for the Ariane programme at 
the DLR Space Administration, 
Germany. “The elimination of 
expensive manufacturing stages and 
simplification of the engine structure 
have cut the costs significantly.”

Cost-efficiency measures such as 
these are said to be imperative to the 
production of all space equipment, 
which must be economically viable as 
competition to provide space-faring 
technologies increases and economic 
support is withdrawn. “European 
launcher systems face growing levels 
of competition in global markets,” 
continued Regenbrecht, “which 

Vinci thrust chambers for the new 
Ariane 6 (Courtesy DLR)

mailto:paul%40inovar-communications.com?subject=
http://www.loomis-gmbh.de
http://www.qmp-powders.com
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Höganäs appoints Fredrik Emilson 
as President and CEO following 
departure of Melker Jernberg

Industry NewsIndustry News

A driving force in
automotive innovation

High quality metal powders tailored to your needs

amperprint@hcstarck.com
 www.amperprint.com

Höganäs AB, Sweden, has 
appointed Fredrik Emilson as its 
new President and CEO following 
an announcement in July that its 
current CEO, Melker Jernberg, will 
be leaving the company to join Volvo 
Group. Emilson joined Höganäs 
in 2010 and has been responsible 
for the company’s business in Asia 
since 2012 and prior to that held the 
same position in Europe. Prior to 
joining Höganäs he held positions 
of CEO at Pergo Europe and CEO at 
Trelleborg Waterproofing. 

“With Fredrik Emilson, Höganäs 
will have a CEO with a broad knowl-
edge of the company’s customer 
base, products and organisation,” 
stated Staffan Bohman, Chairman of 
the Höganäs Board of Directors. “He 
has a documented ability to deliver 

healthy growth and good results 
and is a strong leader.”

“Fredrik is a highly qualified 
person to continue the implementa-
tion of the different initiatives that 
have been started during the past 
couple of years, such as ways of 
working, strategy and organisation, 
as well as to develop the company’s 
strong offering and customer rela-
tions.”

It was announced in July 2017 
that Jernberg would be leaving 
Höganäs to assume the position 
of President at Volvo Construction 
Equipment as well as becoming a 
member of the Volvo Group Execu-
tive Board. 

“Melker has made important 
contributions towards the further 
development of Höganäs’ busi-

Fredrik Emilson has been announced 
as the new President and CEO at 
Höganäs

ness strategy, culture and organi-
sation, for which the Board and 
the owners express their thanks,” 
stated Bohman at the time of the 
announcement. “While I regret that 
Melker cannot see all those initia-
tives through to a full implementa-
tion, I wish him success in his new 
position.”

www.hoganas.com    

GKN sees first half 2017 sales grow with 
focus on electrified drivetrains and 
Additive Manufacturing

GKN plc has reported another 
period of growth for the global 
engineering group in the six 
months ended June 30, 2017. Sales 
were up 15% across the group to 
£5,212 million, with profit before 
tax reported to be up 14% to £393 
million (on management basis) for 
the first half 2017.

“We made progress in the 
first half and are on track for the 
full year. We are performing well 
against our key markets, demon-
strating once again the strength 
of our businesses, strong market 
positions and leading technology,” 
stated Nigel Stein, Chief Executive 
of GKN. “Our focus on innovation 
in key areas such as electrified 
drivetrains, Additive Manufacturing 
and Industry 4.0 is paying dividends 
and underpins our confidence in 
the longer term.”

GKN Powder Metallurgy sales at 
over £600 million 
GKN Powder Metallurgy, 
comprising GKN Sinter Metals and 
Hoeganaes, reported sales in the 
first half 2017 reached £601 million 
(2016: £499 million). Trading profit 
was reported to be £68 million in 
the period, up from £63 million 
in 2016. Organic sales were £23 
million higher, including £17 
million pass through to customers 
of higher scrap steel prices and 
other commodities.

There was a £62 million benefit 
from currency translation and a 
£17 million increase from acquisi-
tions, mostly the purchase of a 
majority share of a powder manu-
facturer in China. Strong under-
lying sales growth was achieved 
in China, Europe and Brazil but 
sales in North America fell due to 
weaker automotive demand. The 
organic increase in trading profit 
was £5 million and there was a £8 
million gain on currency transla-
tion. 

The European business, principally 
focused on small parts, grew well 
increasing its sales into the automo-
tive market. Good progress continued 
in Asia with double digit sales growth.

GKN stated that digitisation 
across the shop floor is assisting 
with productivity gains across GKN 

Powder Metallurgy. During this 
period, commercial titanium 
powder production for AM started 
in Cinnaminson, USA, as part of the 
venture with TLS Technik. Interest 
in powder was said to be strong and 
a number of production orders have 
been received from key customers 
for both standard and customised 
titanium AM powder alloys. There 
is also increased demand for AM 
parts for use in the automotive and 
industrial sectors.

www.gkn.com    

Euro PM2017

Milan, Italy

1 - 5 October 2017

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

www.erowa.com

mailto:paul%40inovar-communications.com?subject=
mailto:paul%40inovar-communications.com?subject=
http://www.amperprint.com
http://www.erowa.com
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Christopher Rossi succeeds 
Ron De Feo as Kennametal 
President and CEO
The board of directors of 
Kennametal Inc., Pitts-
burgh, Pennsylvania, 
USA, has announced the 
appointment of Chris-
topher Rossi as Presi-
dent and CEO. Rossi will 
succeed Ron De Feo, who 
will now be appointed 
Executive Chairman of 
the Board. Both appoint-
ments are effective 
August 1, 2017.

“With more than 30 years of leadership experience, 
Chris has delivered sustainable results across a breadth 
of functions including operations, marketing and sales, 
R&D, product management, supply chain and technology 
innovation,” stated Lawrence W Stranghoener, Chairman 
of Kennametal’s Board of Directors. “We expect he will 
bring continuity to the transformation presently underway 
at the company while evolving a strategy and vision for 
the future that will continue to deliver results for our 
customers, team members and shareholders.”

“We want to thank Ron De Feo for the dramatic 
progress he has made to reposition Kennametal over the 
past 18 months,” he continued. “Ron will work closely 
with Chris to ensure a smooth transition for all our stake-
holders and we appreciate his continuing leadership.”

Rossi has previously served as CEO of Dresser-Rand 
at Siemens from September 2015 - May 2017. Prior to 
this role, Rossi held numerous leadership positions at 
Dresser-Rand Group Inc., its affiliates and predecessor 
companies, since 1987, including Executive Vice Presi-
dent of Global Operations, Vice President of Technology 
and Business Development and Executive Vice Presi-
dent of Global Aftermarket Sales. Rossi holds a BSc in 
Mechanical Engineering from Virginia Tech and an MBA 
in corporate finance and operations management from 
the University of Rochester’s Simon School of Business.

“I am excited to join a company with such well-
respected brands and a legacy of continuous innovation 
and customer commitment,” commented Rossi. “I look 
forward to working together with the Kennametal team 
across the globe to continue building a strong future for 
the company, our customers, its shareholders and our 
communities.”

“We look forward to the perspective Chris’ experi-
ence will bring to lead Kennametal into the next chapter 
of its transformation,” added Ron De Feo. “It has been 
my pleasure to lead the Kennametal team over the past 
18 months and together we have made great strides in 
positioning the company for a successful future.”

www.kennametal.com    

Powder Metal Tech (PMT), based in Indianapolis, Indiana, 
USA, has announced plans to relocate to Franklin, 
Indiana, reports the Daily Journal. PMT has stated that it 
will invest nearly $1.4 million into the construction of the 
new 14,000ft2 facility, which will be based in Franklin’s 
Business Park.

Founded in 2001, PMT rebuilds Powder Metallurgy 
presses, installs new electronic controls and builds 
robotics for automation presses. The company also offers 
field services; assisting clients with machine problems 
and carrying out preventative maintenance at client 
facilities.

Doug Hefley, PMT Owner, stated that work on the 
new facility is expected to conclude in mid-2018 and that 
further expansion could reach up to 30,000ft2 in the future. 
In addition to the move, the company will pursue a training 
initiative to recruit and train new workers in robotics and 
machine operation through collaboration with local career 
centres and colleges.

www.pmtpress.com    

Powder Metal Tech plans 
move to new Indiana facility

• Specialist distributor of carbonyl iron

and stainless steel powders

Advanced Engineered Aluminum Powders
   Shaping the Future Together

United States Metal Powders, Inc. has been a global leader in the production 
and distribution of metal powders since 1918.   Together with our partners and  
subsidiary companies, AMPAL and  POUDRES HERMILLON, we are helping to shape 
the future of the powder metallurgy industry (PM).  

• Aluminum based premix powders

• Nodular and spherical aluminum powders

• Aluminum alloy powders

Dedicated Research, Leading Edge Technology, Global Production & Customization

Tel: +1 610-826-7020 (x215)    
Email: sales@usmetalpowders.com 
www.usmetalpowders.com

USMP
AMPAL|POUDRES HERMILLON

U.S. Metal Powders, Inc.
        AMPAL |  POUDRES HERMILLON
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usmp 3-2017 PM - revised.pdf   1   4/27/2017   7:43:20 AM

mailto:paul%40inovar-communications.com?subject=
http://www.epsi-highpressure.com
http://www.ampal-inc.com/
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www.gasbarre.com

 TOOLINGFURNACEPRESS

PRODUCTS, INC.

ALD Vacuum Technologies
 High Tech is our Business

ALD Vacuum 
Technologies GmbH 

Otto-von-Guericke-Platz 1
63457 Hanau, Germany
Phone +49 6181 307-0
Fax +49 6181 307-3290
E-Mail 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)

Fine Sinter Co., Ltd., will invest $20 
million in two new production lines 
at the headquarters of its North 
American subsidiary, American 
Fine Sinter (AFS), Tiffin, Ohio, USA. 
According to Masayuki Yamamoto, 
AFS President, the expansion is 
to meet the demand posed by the 
company’s continued growth.

“Our business base is expanding, 
and we are thankful to have dedi-
cated employees and the backing of 
the Tiffin community, which allow 
us to continue to advance,” stated 
Yamamoto. In addition, the expan-
sion will afford the company the 
space and equipment to produce mid 
and torque carriers for the Toyota 

Highlander, RAV4 and Camry, using 
Toyota’s new technology, reportedly 
making its Tiffin plant one of only 
three facilities to use this technology 
worldwide.

American Fine Sinter began 
production at its Ohio headquarters 
in 2003 and manufactures parts for 
the automotive, railroad, industrial 
machinery and hydraulics industries. 
The company previously expanded 
in 2014, with an investment of $25 
million in its facilities and the crea-

tion of twenty-four new jobs. At 
present, the company employs a total 
of 246 staff, with an additional twenty-
five jobs expected to be created by the 
new expansion.

Aaron Montz, Tiffin’s Mayor, 
applauded AFS’s commitment to its 
USA headquarters. “AFS has been 
a great employer for Tiffin for the 
past sixteen years,” he stated, “and 
it is wonderful that they continue to 
choose to invest and grow here.”

www.fine-sinter.com    

American Fine Sinter in Tiffin, Ohio, USA (Image Google)

American Fine 
Sinter invests $20 
million in new 
production lines at 
Tiffin facility

Schretter and Wex to lead Plansee 
Group as Schwarzkopf moves to 
Supervisory Board
Dr Michael Schwarzkopf, long-
standing Chairman of the Executive 
Board for Plansee Group, Reutte, 
Austria, has moved to head the 
Supervisory Board of the group. His 
former colleagues on the Execu-
tive Board, Bernhard Schretter and 
Karlheinz Wex, are now leading the 
Plansee Group.

Schwarzkopf has had operational 
responsibility for Plansee Group for 
27 years and became Chairman of 
the Executive Board 21 years ago. 
“After my withdrawal from day-to-
day business, I will, as an active 
Chairman of the Supervisory Board, 
focus primarily on two topics – the 
strategic development of the Plansee 
Group and the continuous develop-
ment of top management,” he stated. 
The change from the Executive Board 

to the Supervisory Board was said to 
have been planned well in advance.

Schwarzkopf stated that he 
expects Plansee to be “in good 
hands” with former colleagues 
Schretter and Wex. “We have 
successfully worked together for 
more than fifteen years as a manage-
ment team,” he stated, “and both 
gentlemen perfectly know the 
company through many years of 
operational responsibility.”

Wex has emphasised the impor-
tance of financial independence as 
a success factor, coupled with the 
need to continue the sustainable 
profitable growth of the Plansee 
Group. Schretter also pointed out 
the responsibility of Plansee as an 
employer in the Außerfern region: 
“Breitenwang / Reutte will continue 

to play a central role as the largest 
production site and headquarters of 
the group in the future,” he stated. 
Both Schretter and Wex emphasised 
the need for continuous improve-
ment in order to be competitive in 
the global markets, and see large 
potential for Plansee in industrial 
digitisation and Industry 4.0.

www.plansee.com    

Karlheinz Wex (left) and Bernhard 
Schretter will continue to lead the 
Plansee Group

mailto:paul%40inovar-communications.com?subject=
mailto:paul%40inovar-communications.com?subject=
http://www.gasbarre.com
https://www.ald-vt.com/cms/?id=14&L=1
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New Name—Same Global Leading Companies
New Name—Same Global Leading Companies

* HIP - Hot Isostatic Presses 
* CIP - Cold Isostatic Presses 
* Temperatures to 2200 C 
* Pressures to 700 MPa 
* Thermocouple Sales 
* New and Used Systems 

1205 S. Columbus Airport Road 
Columbus, Ohio 43207 
PH: 1-614-497-3148   
FX: 1-614-497-3407  www.aiphip.com AIP 

AMERICAN ISOSTATIC PRESSES, INC. 
The HIP Industry Innovators 

Carpenter Technology’s 
fourth quarter and full year 
fiscal 2017 results
Carpenter Technology Corporation, Pennsylvania, 
USA, has announced its financial results for the fourth 
quarter and fiscal year ended June 30, 2017. Net sales 
for the fourth quarter 2017 were reported at $507.7 
million, said to be the highest achieved in two years. 
The fiscal year 2017 net sales were $1,797.6 million, 
down slightly from $1813.4 million reported in 2016.  
Net income of $25.5 million was reported for the fourth 
quarter of fiscal year 2017, with total net income for the 
year reported at $47 million, up from the $11.3 million 
total for 2016.

“Our strong fourth quarter results reflect the 
continued execution of our strategy to be an irreplace-
able solutions provider coupled with the continued 
success from the rollout of the Carpenter Operating 
Model and commercial organisation realignment,” 
stated Tony Thene, Carpenter’s President and CEO. 

Carpenter’s Performance Engineered Product divi-
sion, the segment of the company that includes the 
Dynamet titanium business and the Carpenter Powder 
Products (CPP) business, achieved net sales for the 
fiscal 2017 year of $366.6 million, up from $358.7 million 
in fiscal year 2016. Operating income for this division 
was said to be $8.5 million, compared to a $5.5 million 
loss in the previous year.

“In the Aerospace and Defence end-use market, we 
continue to see increasing demand for our products 
across our diversified sub-markets, especially engines, 
where we are seeing continued healthy order flows 
related to the next generation engines. We are experi-
encing similar momentum across other markets, such 
as the oil & gas sub-market, where our Amega West 
business continues to benefit from our investments 
in new products over the last several years,” Thene 
added. 

“Overall, fiscal year 2017 was a successful one as we 
continued to build upon our foundation for long-term 
sustainable growth through our progress in becoming 
a complete solutions provider, as well as our expansion 
in core growth areas including titanium powder and 
Additive Manufacturing. We enter fiscal year 2018 with 
notable operating momentum as we focus on lever-
aging our solutions-based commercial approach and 
realigned sales team to drive backlog growth, broaden 
applications for our products and deepen customer 
relationships across our end-use markets,” concluded 
Thene. “Overall, we remain well positioned to build on 
our progress in the year ahead, as we seek to expand 
market share, drive additional efficiency gains and 
grow the intrinsic value of our organisation to the 
benefit of our shareholders.”

www.cartech.com    

Renewed growth in China’s 
PM production in 2016 
according to CMPMA
Following a drop of over 6% in PM component 
production in China in 2015, the China Machine Powder 
Metallurgy Industry Association (CMPMA) reported that 
PM production was again on the increase in 2016 albeit 
at a modest 3.3%.

Powder Metallurgy component production at the 
45 reporting PM companies was said to have reached 
187,165 tonnes in 2016 whilst sales of PM components 
increased at a higher rate of 5.6% to 184,536 tonnes. 
The total sales value of structural PM part production 
at the 45 reporting companies was claimed to have 
increased by 3.5% to Yuan 6461 million ($937.6 million) 
of which 10.3% represented new Powder Metallurgy 
products.

Exports of Powder Metallurgy products increased 
by 13.5% to Yuan 818 million ($118.8 million) in 2016. 
Total profits reported by the PM companies increased by 
26.1% to Yuan 627 million ($91.1 million).

www.cmpma.com.cn    
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Sandvik reports improved 
performance in second quarter 2017
Sweden’s Sandvik AB has 
announced the results for its second 
quarter and the first six months of 
2017. According to the company, it 
has seen overall improved perfor-
mance for the quarter with order 
intake and revenues increasing 
across all business areas.

“The second quarter was another 
three months of positive develop-
ment as we achieved improvements 
in order intake, revenues, adjusted 
earnings and adjusted margins. I am 
very pleased with the overall devel-
opment in the quarter, although 
there are areas in which we need 
to improve performance going 
forward,” stated Björn Rosengren, 
President and CEO of Sandvik.

In the second quarter, order 
intake improved organically by 
17% year-on-year reaching SEK 
24,533 million overall. Order intake 
improved in all three business areas 

and all geographical regions. For 
Sandvik Materials Technology, order 
intake improved by 40%, including 
large orders amounting to a value of 
about SEK 1 billion.

Sandvik’s adjusted operating 
profit rose by 38% year-on-year 
to SEK 3,721 million, with an 
adjusted operating margin of 15.8%. 
Excluding the positive impact of 
changed exchange rates, adjusted 
operating profit rose by 28%. This 
improvement in adjusted oper-
ating profit was reportedly driven 
by strong development in Sandvik 
Mining and Rock Technology and 
Sandvik Machining Solutions at 
117% and 18% respectively, due to 
increased demand and the imple-
mentation of efficiency measures.

In Sandvik Materials Technology, 
adjusted operating profit decreased 
by -37%, primarily due to an adverse 
impact from changed metal prices, 

negative mix in deliveries and lower 
profitability in the standardised 
tubular business. Total costs for 
sales and administration increased 
by 7%, primarily due to the impact 
from changed exchange rates. The 
increase was related to sales costs 
as administrative costs remained 
stable. However, the ratio to revenues 
declined to 20.5%.

Commenting on recent divest-
ments, Rosengren added, “I am 
pleased that we took several steps 
to further focus Sandvik on its core 
business with the announcement of 
the divestment of Sandvik Process 
Systems and, finally, the exit from 
Mining Systems. In addition, we 
announced the intention to divest the 
welding and stainless wire business 
in Sandvik Materials Technology. 
These are all important actions in 
consolidating Sandvik, making it more 
focused and transparent, as well as 
creating the financial strength to 
grasp growth opportunities.”

www.sandvik.com    
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as one of the leading Copper and Copper Alloy powder producers 

in Europe by supplying the powders that match customer 
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Holzapfel makes more than a shiny surface. 
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possibilities for your needs. 

Schunk Group, headquartered in 
Heuchelheim, Germany, has reported 
a 6.6% increase in sales for its 2016 
financial year to over €1.1 billion, 
marking another record year for the 
technology group. High sales growth 
was accompanied by a significant 
increase in profits, which was also 
said to have reached a record level.

“This highlights the great finan-
cial strength and stability of the 
Schunk Group,” stated Dr Arno 
Roth, Chairman of Schunk Group’s 
Management Board. “Our strong 
growth is rooted in both the positive 
development of our key markets and 
our successful market cultivation. 
Every division of Schunk has contrib-
uted to this growth and each one has 
achieved new sales records.” Growth 
was also bolstered by the group’s 
acquisition of Automotive Testing 
Solutions at the end of 2015.

The company experienced higher 
overall growth than the wider 
automotive market (4.8%), in which 
it makes around 40% of its sales. 
Particularly high growth of nearly 8% 
was seen in Asia, primarily in China. 

Schunk Group reports another year of 
record sales and opens new production 
hall for carbon PM components

Sales in North America also showed 
a positive trend, while Schunk lost 
revenue in South America, particu-
larly in Brazil where an economic 
recession is ongoing.

While profits saw an overall 
increase, the number of Schunk 
Group employees fell slightly to 
8,038 in 2016 compared 8,079 in the 
previous year. According to Schunk, 
this was due to personnel adjust-
ments at individual companies, 
including in Brazil.

Record investment plan for 2017
Schunk is reportedly planning invest-
ments of around €113 million for 
2017. If these targets are met, the 
group will see investment reach a 
record high. Major individual invest-
ments include planned construc-
tion of a new Helmond site in the 
Netherlands, as well as completion 
of a new goods dispatch building at 
the Heuchelheim site and a produc-
tion building in Balingen. Schunk is 
also investing in the expansion and 
modernisation of machinery and 
equipment at its sites.

New production hall for carbon PM
Schunk Gerhard Carbon Tech-
nology, a subsidiary of Schunk 
Group, Heuchelheim, Germany, also 
announced the opening of a new 
production facility in Middle Fran-
conia, Germany. The new facility will 
be used for the production of high-
precision small and micro carbon 
components made using Powder 
Metallurgy processes.

The facility is the result of 
a €1.9 million investment and 
increases the company’s production 
space by 75%, from 1,300 to 
2,300 m2. “The new hall gives 
us room for further growth and 
enables us to create a modern, 
process-optimised production 
system for mass-produced items,” 
stated Andreas Gerhard, Director of 
Schunk Gerhard Carbon Technology.
The company has been based in 
Obernzenn, Middle Franconia since 
1977.

“With this new production hall 
we can stay abreast of the positive 
developments at our site and 
create the conditions for additional, 
future-oriented automation of 
our production,” added Dr Arno 
Roth, Chairman of Schunk Group 
Corporate Management, at the 
opening ceremony of the new hall.

www.schunk-group.com    
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FULL process in ONE equipment 

Debinding
450~650°C
n Duration of debinding phase adjustable 
according to the weight of the load and 
independently of the sintering step
n Control over the atmosphere and the 
pressures for increased debinding efficiency
n   Binder collection system

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

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

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

²
)

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

Sintering
> 1.200°C2

3

1

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

Gas quenching

4

GKN Hoeganaes has begun production of titanium 
powder at its Additive Manufacturing powder facility, 
co-located with its Powder Innovation Center in 
Cinnaminson, New Jersey, USA. This new powder 
atomising facility is part of the joint venture with 
TLS Technik of Germany, announced last year, and 
provides customers with a North American source for 
titanium and other specialised powders for Additive 
Manufacturing.

This brand new facility now serves as the USA 
production hub for AncorAM™ powder products and 
includes full-scale atomising and powder finishing for 
titanium alloys and other speciality powders for metal 
Additive Manufacturing. The dedicated AM powder 
production lines are housed in a 10,000 ft2 (930 m2) 
facility that is fully climate controlled for quality and 
consistency. The advanced powder atomising process 
uses a proven refractory-free melting method to 
produce very high purity powders suitable for aerospace 
and medical applications. All production is certified 
and completed according to the AS9100 quality 
management system with medical quality management 
system certification now underway.

AncorAM™ powders are specifically designed for 
Additive Manufacturing
AncorAM™ metal powders are produced on full produc-
tion scale processing equipment and have been engi-
neered with alloy chemistry and powder characteristics 
specifically designed for AM, focusing on final product 
consistency. Powders for both selective laser melting 
and electron beam melting AM are available. Standard 
titanium powder grades include AncorTi™ CP and 
AncorTi™ 6Al4V as well as a host of nickel and ferrous 
based powders. Additionally, GKN Hoeganaes is devel-
oping a family of new powder alloys for AM including 
advanced titanium powders to be used in applications 
that require high oxidation-resistance, specialised 
nickel-based alloys for high temperature applications 
and nickel-titanium powders engineered for use in 
advanced medical devices.

Peter Oberparleiter, CEO of GKN Powder Metallurgy, 
commented, “The launch of titanium powder production 
is a key part of GKN’s continued drive to offer a compre-
hensive set of products, services and technologies that 
enable the growth of metal Additive Manufacturing 
into a major industry and positions GKN Hoeganaes to 
enable its customers to launch demanding additively 
manufactured components for aerospace and medical 
applications.”

www.hoeganaes.com    

Hoeganaes begins US 
production of titanium 
powder   
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35 countries worldwide, the company is the world leader in
high pressure technology and has delivered more than 1,800
systems to customers across the globe within industries such
as aerospace, automotive, energy, and medical implants.

Do you want to know how High Pressure Heat Treatment can
help you eliminate the porosity, perfect the material properties
and shorten lead time from weeks to hours?

Visit quintustechnologies.com for more information!

High Pressure Heat Treatment 
perfects the properties of your 
3D printed parts
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Plansee Group has reported consoli-
dated sales of €1.17 billion in its 
2016/17 fiscal year, ending February 
28, 2017, down slightly on the previous 
year’s figure of €1.18 billion. During 
the period, the company reported a 
total of €180 million was invested 
globally, with highlights including the 
construction of a new production and 
sales site in Korea, site expansions 
in India, China and Germany, and the 
acquisition of tool manufacturers 
Best Carbide in the USA and Becker 
Diamantwerkzeuge in Germany.

“Despite further declining raw 
materials prices, we have managed 
to stabilise sales at the same level 
as last year,” stated Dr Michael 
Schwarzkopf, Plansee Group 
Chairman of the Executive Board. 
Sales volumes and market share were 
reported to have shown continued 
growth in all regions.

Plansee Group reports stable sales and 
€180 million investments in 2016/17 

The company reported that, by 
region, 52% of sales were achieved 
in Europe, 24% in America and 
24% in Asia. The group is said to 
have benefitted from the strength 
of the German export industry, 
in particular the automotive and 
mechanical engineering indus-
tries. There was also growth in the 
aerospace industry and in the field 
of alternative power generation 
(fuel cells).

As in previous years, the 
Plansee Group invested more than 
€60 million (5% of sales) into the 
development of new products and 
improved processes. The share of 
sales with new products (less than 
5 years old) is said to remain above 
30%. “Innovative products made 
from our metals tungsten and 
molybdenum for new applications 
in high-tech industries are the key 

to our continuing to be an attractive 
partner for our customers,” added 
Schwarzkopf.

It was stated that Plansee 
Group has continued to expand 
its industry portfolio over the 
last decade and that in total all 
companies in which the Group has 
a holding achieved sales of €2.14 
billion in the 2016/17 fiscal year.

Looking ahead, Plansee 
reported a strong start to the new 
fiscal year. Demand in the first 
quarter was said to be significantly 
higher than in the previous year, 
exceeding expectations. However, 
Schwarzkopf stated that he 
remains cautious about the future, 
as economic and political condi-
tions are uncertain. Nevertheless, 
it was added that investment at 
least matching that of 2016/17 is 
planned for the current year, with 
some acquisitions currently under 
evaluation.

www.plansee.com    
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Fritsch Milling and Sizing, headquar-
tered in Idar-Oberstein, Germany, 
has announced the opening of its 
first US subsidiary. Located in North 
Carolina, the new facility is said to 
be situated in a ‘Research Triangle’, 
close to numerous research insti-
tutes, established companies as well 
as renowned universities.

The establishment of a US 
subsidiary, Fritsch Milling and Sizing 
Inc., follows the creation of subsidi-
aries in Singapore, Russia, China 
and France. “For a long time we have 
been serving customers in the USA 
but in order to meet the demands of 
our customers in a growing market 
it was time to have a Fritsch branch 
directly in the US,” the company 
stated.

Fritsch opens US 
subsidiary to meet 
growing demand

Fritsch’s Analysette 28 ImageSizer 
is used for analysis of particle 
shape and size of dry, free-flowing 
powders and bulk solids

Melissa Fauth, President of 
Fritsch USA, considers this an 
ideal environment for Fritsch. The 
new site has offices and a storage 
facility, as well as an applications 
laboratory stocked with numerous 
Fritsch instruments. In addition to 
introducing the range of Fritsch 
instruments, tests and sample 
grindings for customers can be 
conducted on site.

www.fritsch-international.com
www.fritsch.de    

Kennametal Inc., Pittsburgh, USA, 
has reported financial results for its 
fiscal 2017 and fourth quarter. Sales 
in fiscal year 2017 were reported to 
be $2,058 million, compared with 
$2,098 million in 2016. Sales for the 
year were said to have decreased by 
2%, driven by divestiture impact of 
4% and 2% unfavourable currency 
exchange, partially offset by 4% 
organic sales growth.

Operating income for the year 
was $113 million, compared with 
operating loss of $175 million in the 
same period 2016. Adjusted operating 
income was $189 million, compared 
with $126 million in the prior year. 
The company stated that adjusted 
operating income increased primarily 
due to incremental restructuring 
benefits, better absorption and 
productivity, organic sales growth and 
lower raw material costs, partially 

offset by unfavourable mix and higher 
employment-related costs. Adjusted 
operating margin was 9.2%, compared 
to 6.2% in the prior year.

“Fiscal year 2017 has been a year 
of substantial change at Kennametal 
on many levels,” commented Execu-
tive Chairman of the Board, Ron De 
Feo. “After re-organising the company 
to allow positive transformation, we 
focused on simplifying the company, 
improving sales execution and cost 
reduction. We have made significant 
achievements in each of these areas.

Sales in the fourth quarter were 
$565 million compared with $521 
million in the same quarter last year. 
Sales increased by 8%, reflecting 12% 
organic growth, offset partially by a 
2% decrease due to fewer business 
days and a 2% unfavourable currency 
exchange impact. Operating income 
was $40 million, compared with $25 

Kennametal reports fiscal 2017 and 
fourth quarter results

million in the same quarter last year. 
Adjusted operating income was $63 
million, compared with $47 million in 
the prior year quarter.

“The markets improved steadily 
through the year and, in the fourth 
quarter, organic sales grew at 12% 
– a quarterly rate of growth not seen 
since the December quarter of fiscal 
2012. Total year organic growth was 
4%, with year-over-year growth in 
all segments. Furthermore, our 
cost reduction achievements were 
significant and we believe that we are 
well-positioned to improve further 
as we move steadily forward with our 
multi-year plans,” added De Feo.

Kennametal stated that it expects 
2018 organic sales growth of 2 to 4%, 
reflecting further significant achieve-
ments in cost reduction and margin 
improvement. Capital expenditures 
are expected to be in the range of 
$210 to $230 million as the company 
continues modernising facilities and 
optimising end-to-end processes.

www.kennametal.com    

Michael Marucci, Global VP, 
Advanced Technology, GKN Powder 
Metallurgy, Hoeganaes, New Jersey, 
USA, has been awarded the 2017 
ASM Silver Medal by the ASM Inter-
national Board of Trustees.

Established in 2010, the ASM 
Silver Medal of the Society provides 
recognition to ASM members, who 
are in mid-career positions, for 
distinguished contributions in the 
field of materials science and engi-
neering, and to the society.

According to ASM, Marucci 
received the medal “For technical 
achievement in development of new 
PM steel products and management 
achievements in developing a world 
class PM research organisation.”

www.asminternational.org    

Michael Marucci 
awarded ASM 
Silver Medal
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Speciality Sintered 
Products Pvt Ltd 
awarded Best PM 
Part for 2017 by 
PMAI

Speciality Sintered Products Pvt Ltd, 
Maharashtra, India, received the 
award for Best PM Part for 2017 at 
the PM-17 International Conference 
on Powder Metallurgy & Particu-
late Materials, New Delhi, India, the 
company has announced. The award 
was made by the Powder Metal 
Association of India (PMAI) for SSPL’s 
Gear Timing Camshaft for two-litre 
engines and is the third such award 
the company has received in the past 
five years.

SSPL is reportedly one of the 
fastest growing PM producers in 
India. The company began operation 
in 2001, producing sintered parts for 

automotive, auto ancillary and home 
appliance applications. Operating out 
of two plants in Pune, the company 
says it presently specialises in the 
manufacture of critical structural 
parts such as synchro hubs, synchro 
cones and timing gears, which it 
supplies to many OEMs across India 
and, as of recently, in selected global 
markets.

Both of SSPL’s Pune plants are 
ISO/TS:16949:2009 certified and the 

company is said to have the only 800 
ton compacting press in India. SSPL 
recently added a new 440 ton press 
and has the capacity to produce 
components ranging from 0.3 g to 
3 kg. The company reports that it has 
recently invested $6 million into its 
plants and machinery and is in the 
process of investing an additional 
$2.5 million in press and furnace 
technology.

www.specialitysintered.com    

AMG Advanced Metallurgical Group 
reveals results for second quarter 2017

AMG Advanced Metallurgical Group 
N.V, Amsterdam, the Netherlands, 
has reported fiscal results for its 
second quarter 2017. According to 
the company’s report, it recorded a 
total revenue of $262 million for Q2 
2017, up 6% from $248.3 million in 
the same period 2016. EBITDA for 
the second quarter 2017 was $31.9 
million, a 22% increase from $26.0 
million in the second quarter 2016. 
Net income attributable to share-
holders slightly decreased to $13.1 
million in Q2 2017 from $13.4 million 
in Q2 2016.

Dr Heinz Schimmelbusch, 
Chairman of AMG’s Management 
Board and CEO, commented, “We 
are very pleased that AMG’s strong 
cash flow generation for the first six 
months of 2017 enabled the company 
to end the quarter with net debt in 
line with the prior year end, despite 
substantial capital investments in 
the first half of 2017 in AMG’s lithium 

project in Brazil, and titanium alumi-
nide expansion in Germany.”

In Q2 2017, AMG generated cash 
from operating activities of $10.6 
million, a decrease of $13.7 million 
over the same period in 2016. On a 
year to date basis, AMG generated 
cash from operating activities of 
$28.5 million in 2017, an increase of 
$8.5 million compared to the same 
period in 2016.

AMG Engineering
AMG Engineering achieved EBITDA of 
$8.0 million during Q2 2017. This divi-
sion designs, engineers and produces 
advanced vacuum furnace systems 
and operates vacuum heat treatment 
facilities, primarily for the transpor-
tation and energy industries.

The segment reportedly signed 
$76.9 million in new orders during 
the second quarter 2017. According 
to AMG, the Engineering segment 
continues to experience strong 

demand for turbine blade coating, 
Powder Metallurgy and plasma 
remelting furnaces for the aerospace 
market and heat treatment furnaces 
for the automotive market.

“The strong results in AMG Engi-
neering reflect our efforts to diversify 
our product offerings in recent years, 
including the introduction of Powder 
Metallurgy and SyncroTherm in-line 
heat treatment furnaces,” stated 
Schimmelbusch.

AMG Critical Materials
AMG Critical Materials produces 
aluminium master alloys and 
powders, titanium alloys and 
coatings, ferrovanadium, natural 
graphite, chromium metal, antimony, 
tantalum, niobium and silicon metal.

The segment reportedly gener-
ated EBITDA of $23.9 million during 
the second quarter 2017, thanks 
to strong financial performance in 
vanadium and titanium alloys and the 
recognition of $3 million in business 
interruption insurance following a 
fire at the company’s Mibra mine in 
Brazil.

www.amg-nv.com    
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Cambridge Sensotec, specialists in measuring oxygen in 
protective gas atmospheres and manufactures of the 
Rapidox range of gas analysers, have been working with the 
leading AM machine manufactures to supply high 
performance oxygen analysers. 

The analysers are supplied as an OEM component to 
integrate seamlessly into metal 3D printers and come with 
many standard features. The Rapidox sensor can measure 
from sub ppm to % O2 and can operate in temperatures of up 
to 600°C. 

For more information, contact the experts in oxygen gas 
analysis.

www.cambridge-sensotec.co.uk 
sales@cambridge-sensotec.co.uk 

+44 (0)1480 462142
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Lightbridge looks to 
introduce its PM nuclear fuel 
rods in South Korea
Lightbridge Corporation, a nuclear fuel technology 
company based in Reston, Virginia, USA, has received 
a Notice of Allowance from the Korean Intellectual 
Property Office (KIPO) for a key divisional patent 
covering two of the company’s innovations in nuclear 
power generation. The technology is said to significantly 
enhance the economics and safety of nuclear power, 
operating around 1000°C cooler than standard fuel.

Lightbridge is expanding its worldwide patent 
coverage for the deployment of its innovative fuel design. 
The patent covers Lightbridge’s metallic fuel assembly 
design for pressurised water reactors incorporating 
four-lobe, helically twisted metallic fuel rods, as well as 
the company’s proprietary manufacturing method for 
metallic fuel rods using Powder Metallurgy processes. 
The patent is expected to be issued once the registration 
fee has been paid by Lightbridge.

“This latest patent expands the scope of our patent 
protection in South Korea, an important world nuclear 
market and a global supplier of nuclear technology,” 

stated Seth Grae, President and CEO of Lightbridge 
Corporation. “Lightbridge metallic fuel could be 
particularly attractive in South Korea. It can produce up to 
30% more power than existing fuel in new reactor designs, 
while reducing operating costs and enhancing the safety 
of existing nuclear reactors.”

South Korea has 24 nuclear power reactors in 
operation, including Shin Kori 3, the country’s newest unit, 
an APR1400 that went online in December 2016. Three 
additional APR1400 units are under construction in South 
Korea. In the United Arab Emirates, a consortium led by 
Korea Electric Power Corporation is constructing four 
APR1400 units, the first of which was completed in May 
2017. Korea Electric Power Corporation (KEPCO) is also 
in advanced negotiations to pursue the construction of 
APR1400 units in the United Kingdom, according to recent 
media reports.

“South Korea remains the world’s fifth-largest user of 
nuclear energy, with more than 22 gigawatts of installed 
capacity producing about a third of its electricity. By 
expanding Lightbridge’s worldwide patent portfolio, 
including in South Korea, Lightbridge is positioning itself 
to meet the fuel demands of the world’s major nuclear 
markets,” added Grae.

www.ltbridge.com    

VAC-U-MAX introduces 
compressed-air powered 
vacuum system for fine 
powders
VAC-U-MAX, located in Belleville, New Jersey, USA, has 
announced the latest addition to its industrial vacuum 
cleaning range for combustible dusts. The new MDL15 
Air-Vac features the exclusive VAC-U-MAX Venturi 
power unit, said to offer the lowest compressed-air 
consumption on the market today. The system features a 
15-gallon (68 litre) collection drum and, with no electrical 
components or moving parts, the MDL15 is said to 
be ideal for high volume recovery of fine powders and 
combustible dusts.

The MDL15 features manual blow-back filter cleaning 
with static-conductive PTFE pre-filter and secondary 
cartridge filter and static-conductive casters. Dust, debris 
and fine powders are collected in off-the-shelf static-
conductive polybags, eliminating the common issue of a 
‘mushroom cloud’ that comes with drum dumping.

Standard construction includes anti-sparking stainless 
steel in 304 SS or 316 SS bead-blast finish. The MDL15 is 
equipped with a static-conductive compressed-air hose, 
ATEX-certified vacuum hose, and complete cleaning tool 
kit assembly for floors, walls, machinery and overhead 
cleaning.

www.vac-u-max.com/MDL15    

SLM Solutions Group AG
Roggenhorster Straße 9c  |  D-23556 Lübeck
Fon +49 451 16082-0 
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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
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Samal and Sheilds receive 
APMI Fellowship status
APMI International announced 
earlier this year that Prasan Samal 
and John Shields would receive its 
2017 Fellow Award. APMI Inter-
national’s most prestigious award 
recognises APMI members for their 
significant contributions to the 
goals, purpose and mission of the 
organisation as well as for a high 
level of expertise in the technology, 
practice, or business of the industry.

The 2017 Fellow Award recipi-
ents were elevated to Fellow status 
during an Industry Luncheon at the 
recent POWDERMET2017 confer-
ence in Las Vegas, USA.

Prasan Samal
Prasan Samal, North American Hoganas, Inc., Hollsopple, 
Pennsylvania, retired, is one of the leading experts in 
the stainless steel powder industry. Collaborating with 
several PM parts producers, he helped develop and 
qualify many stainless steel components for use in 
automotive exhaust systems. The resulting success was 
100,000 mile warranty performance for PM stainless 
steel exhaust flanges. Other R&D achievements include 
optimising sintering parameters for stainless steel to 
enhance dimensional accuracy, machinability, weldability 
and corrosion resistance; refinement of dispersion 
strengthened copper; and electrolytic iron refinement.

Samal has been involved with the PM industry for over 
43 years and received the MPIF Distinguished Service to 
Powder Metallurgy Award in 2015. He is author/co-author 
of 11 US patents, two books and over 50 technical papers. 

John Shields 
John Shields, PentaMet Associates LLC, has, for 
more than three decades, been the leading expert on 
molybdenum and its associated metals. He has worked 
with NASA to develop materials for space shuttles; 
refined sintered tungsten ingots to increase tungsten 
sheet yields; and led a team to bring a novel thermal 
management system for galvanic corrosion resistance to 
market.

A member of APMI for 32 years, Shields has co-chaired 
the 2008 MPIF Tungsten Conference and presented at 
numerous conferences and seminars. Shields received 
the MPIF Distinguished Service to Powder Metallurgy 
Award in 2009 and is author/co-author of two US patents, 
three books and over 30 technical papers. Shields is an 
active member of several ASTM standards development 
committees.

www.mpif.org    

Prasan Samal (top) 
and John Shields

MPIF presents 
Distinguished 
Service to PM 
Awards
The Metal Powder Industries Federa-
tion announced the winners of the 
2017 MPIF Distinguished Service to 
Powder Metallurgy Awards during a 
ceremony at the POWDERMET2017 
conference in Las Vegas, USA.
During an Industry Luncheon held on 
June 14, 2017, winners received their 
awards.

The Distinguished Service Award 
recognises individuals who have 
actively served the North American 
PM industry for at least 25 years and, 
in the minds of their peers, deserve 
special recognition. The 2017 Award 
Recipients are:

• Iver Eric Anderson, FAPMI, Ames 
Laboratory

• Diran Apelian, FAPMI, Worcester 
Polytechnic Institute

• Sherri R. Bingert, (formerly of 
Los Alamos National Laboratory)

• Matthew Bulger, NetShape 
Technologies, Inc.

• Dean Howard, PMT, North 
American Höganäs, Inc.

• Mark D. Kesterholt, (formerly of 
Rio Tinto Metal Powders)

• Sydney H. Luk, Royal Metal 
Powders Inc.

• Glen Moore, (formerly of 
Burgess-Norton Mfg. Co.)

• Thomas J. Pontzer, (formerly of 
Gasbarre Products, Inc.)

• JoAnne Ryan, Alpha Sintered 
Metals, Inc.

• Rohith Shivanath, Stackpole 
International, Canada

• John Sweet, FMS Corporation
www.mpif.org    

Winners of the 2017 MPIF Distinguished Service to Powder Metallurgy Awards 
received recognition during a ceremony at POWDERMET2017

Industry News
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ZF integrates electric drive in new 
modular rear axle system

ZF Friedrichshafen AG, Germany, 
has incorporated a 150 kW electric 
motor in its mSTARS (modular Semi-
Trailing Arm Rear Suspension) axle 
system. The innovative system will 
reportedly make it easier to electrify 
volume production vehicle platforms, 
including for existing vehicles as 
demonstrated in the company’s 
Vision Zero Vehicle.

“mSTARS provides our customers 
with a basis for a wide range of 
applications in multiple vehicle 
segments. The solution is suitable for 
hybrid, fuel-cell and battery-powered 
vehicles as well as in combination 
with conventional all-wheel modules 
or our AKC active rear axle steering,” 
explained Dr Holger Klein, Head of 
ZF’s Car Chassis Technology Division. 
“The Vision Zero Vehicle demon-
strates how quickly it could help 
the industry meet the challenge of 
producing high-performance e-cars 

The fully modular ZF mSTARS-
System, combining axle, drive and 
intelligent chassis (Courtesy ZF)

or hybrids.” The system may offer 
vehicle manufacturers the opportu-
nity to respond to a diverse range of 
market requirements using just one 
car platform variant.

In the Vision Zero Vehicle, which 
is based on a volume production 
platform for compact and mid-size 
cars, the mSTARS semi-trailing link 
independent suspension reportedly 
takes up no more installation space 
than the conventional rear axle. ZF’s 
new system uses a unique integral 
link design and separate spring 
damper configuration, giving it the 
potential to free up installation space 
between the rear wheels allowing  
ZF’s electric drive to fit easily into the 
mSTARS system axle carrier.

As well as the electric motor, the 
150 kW drive unit houses a two-stage 
one-speed spur gear drive, a differ-
ential and power electronics along 
with control software. “We’ve put our 

concept of an intelligent mechanical 
system and clean mobility into this 
multifunctional axle system for 
compact passenger cars and up,” 
stated Dr Klein.

According to ZF, the mSTARS axle 
also boasts a high level of driving 
dynamics and safety – delivering 
the performance of more expensive, 
conventional multi-link axles typi-
cally used for compact premium and 
sports vehicles. 

www.zf.com    

Mazda Motor Corporation, Hiro-
shima, Japan, has disclosed plans 
to introduce a newly-developed 
internal combustion engine by 2019. 
According to Mazda, the Skyactiv-X 
will be the world’s first commercial 
gasoline engine to use compression 
ignition and will reportedly eliminate 
the need for spark plugs in petrol 
engines, increasing fuel efficiency by 
as much as 30%.

The new engine will use a proprie-
tary combustion method which Mazda 
calls Spark Controlled Compression 
Ignition, enabling it to overcome 
the issues which have impeded the 
commercialisation of compression 
gasoline engines. This will report-
edly be achieved by maximising the 
zone in which compression ignition is 
possible to achieve a seamless tran-

Mazda to extend the use of petrol 
powered cars with revolutionary new 
engine design

sition between compression ignition 
and spark ignition.

According to Mazda, the new 
engine will offer high environmental 
performance, power and acceleration 
performance. By combining compres-
sion ignition with a supercharger 
fitted to improve fuel economy, the 
engine is expected to deliver high 
engine response and increase torque 
by 10-30% over the current Skyactiv-
G gasoline engine.

In addition, compression ignition 
makes it possible to achieve a ‘lean 
burn’ – in which the ratio of gasoline 
to air is reduced to a level that would 
not ignite in a spark-ignition engine 
– thus improving engine efficiency by 
up to 20-30% over the current model.

Development of the engine has 
been carried out under Mazda’s 

‘Sustainable Zoom-Zoom 2030’ initia-
tive, which aims to drive sustainable 
automotive design. In line with the 
initiative, the corporation stated that 
it will continue its efforts to perfect 
an internal combustion engine which 
will help power the majority of cars 
worldwide and contribute to reducing 
carbon dioxide emissions globally.

“We think it is an imperative and 
fundamental job for us to pursue the 
ideal internal combustion engine,” 
stated Kiyoshi Fujiwara, Mazda’s 
R&D Head, according to Reuters. 
“Electrification is necessary but… the 
internal combustion engine should 
come first.”

In August 2017, Mazda entered 
into a memorandum of under-
standing with Toyota which includes 
the development of electric vehicles 
and construction of a $1.6 billion 
US assembly plant. It has previously 
stated that it will introduce hybrid and 
mild hybrid engines into its cars by 
the end of 2017.

www.mazda.com    
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Industry News

John F Sweet, President & CEO 
of FMS Corporation, Minneapolis, 
Minnesota, USA, has been elected 
as the 29th President of the Metal 
Powder Industries Federation (MPIF), 
succeeding Patrick J McGeehan,
Ametek Inc., Eighty Four, Pennsyl-
vania, USA. His two-year term will 
take effect at the conclusion of the 
Federation’s annual PM Management 
Summit and 73rd Annual MPIF Busi-
ness Meeting, October 21–24, 2017.

Sweet has worked for FMS Corpo-
ration for 27 years, sustaining a family 
tradition as a third-generation entre-
preneur. He most recently served as 
President of the PMPA and has served 
the association and MPIF actively for 

many years. Sweet received MPIF’s 
Distinguished Service to PM Award 
at POWDERMET2017. He has been 
a member of APMI International for 
29 years, is a certified Level I Powder 
Metallurgy Technologist and serves on 
the APMI Board of Directors. Sweet 
has also been an elected trustee of 
the Center for PM Technology. He 
earned his BS in materials engi-
neering from Drexel University. 

One of the MPIF’s six associa-
tions will also install a new President 
following the summit. Dax White-
house, NetShape Technologies, has 
been elected President of the Powder 
Metallurgy Parts Association (PMPA). 
Meanwhile, Dean Howard, North 

American Höganäs, was re-elected to 
serve a second term as President of 
the Metal Powder Producers Associa-
tion (MPPA). Tom Houck, Carpenter 
Technology, will serve a second term 
as President of the Metal Injection 
Molding Association (MIMA).

www.mpif.org     

John F Sweet announced as MPIF’s 
new President

The Vienna University of Technology 
(TU Wien) has awarded an honorary 
Doctorate degree (Doctor in Tech-
nology) to Peter Mitterbauer, the 
long-standing Chairman of the 
Management Board of Miba AG and 
now a member of its Supervisory 
Board, for his achievements in the 
development of Austrian technology 
and innovation.

Miba’s Peter Mitterbauer receives 
honorary doctorate from TU Wien

“With this distinction, the TU Wien 
recognises the many years of intense, 
ground-breaking cooperation with 
Peter Mitterbauer in his role as the 
Chairman of the Management Board 
of Miba AG. Apart from that, the 
university also honours him for his 
commitment to the technical sciences 
and research, to promoting research 
in Austria and to the international 
image of Austria as a base for auto-
motive suppliers,” the TU Wien stated.

The Miba Sinter Group has worked 
with the TU Wien for over forty years, 
with Mitterbauer making a significant 
contribution to the promotion 
and advancement of this close 
cooperation. During this time, many 
joint research projects have been 
undertaken and over twenty Master’s 
theses and dissertations have been 
completed on behalf of Miba. In joint 
projects with the Institute for Solid 
State Physics spanning more than 
thirty years, the Miba Bearing Group 
has also worked in the field of sputter 
technology for truck and passenger 
vehicle engine bearing shells to 
the point of readiness for series 
production.

“Thanks to his unwavering 
commitment to close cooperation 
between the TU Wien and Miba, Peter 
Mitterbauer was not only able to 
lay the foundation for the economic 
success of the business but also to 
make a significant contribution to the 
positive image of Austria as a reliable 
supplier country to the automotive 
industry,” it was stated.

As the President of the Federation 
of Austrian Industries, Mitterbauer 
paved the way for moving the 
regular series of lectures held by 
the Austrian Society of Automotive 
Engineers to the House of Industry, 
allowing it to be presented in a 
prominent forum. Furthermore, Miba 
has been one of the main sponsors 
of the International Vienna Motor 
Symposium for many years.

Mitterbauer was born in 
Laakirchen in Upper Austria in 1942. 
He studied mechanical engineering 
at the Vienna and Graz universi-
ties of technology. After completing 
his degree he joined Miba, where 
he served in the top position for 27 
years until 2013. During this time, 
he steadily grew the company into 
a global technology leader and a 
strategic partner to the international 
engine and automotive industry. 

www.miba.com    

The TU Wien has awarded an 
honorary doctorate degree to Peter 
Mitterbauer (Photo: Thomas Blazina)

John Sweet has been elected as 
President of the MPIF
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Convion develops 
50 kW biogas 
fuel cell with 
Powder Metallurgy 
interconnects
Convion, Espoo, Finland, reports that 
it has successfully begun testing of 
a new 50 kW biogas fuel cell system, 
prior to delivery and installation at a 
wastewater treatment plant in Turin, 
Italy. The company’s C50 biogas 
system uses a Solid Oxide Fuel Cell 
(SOFC) incorporating MK351 stacks 
from Plansee and Fraunhofer IKTS 
that have been produced using 
Powder Metallurgy interconnects. 
In initial trials, the system report-
edly achieved a net AC efficiency 
in excess of 55% and, when fitted 
with an exhaust gas recovery unit, 
the C50 is able to achieve an overall 
efficiency of more than 82%. 

Convion first developed its 
cogeneration plant in 2015 and, with 
a capacity of 20 kW, this system 
exceeded expectations. The company 
has now successfully upgraded the 
unit to its full nominal power output 
of 58 kW, resulting in the C50 SOFC 
power plant. As part of the European 
project DEMOSOFC, it is shortly 
due to be installed in a wastewater 
treatment plant operated by SMAT in 
Collegno, Turin.

Upon commissioning in Italy 
later in the spring, the biogas fuel 
cell system will start generating 
power for the plant’s own use. An 
installation consisting of Convion 
C50 products will power the 
wastewater treatment process 
and provide a secured supply of 
electricity and heat for the plant. 
With the available biogas production, 
fuel cells will produce approximately 
30% of the Collegno plant’s own 
electricity need and all of the 
thermal energy needs by efficiently 
utilising biogas produced in an 
anaerobic digestion process of waste 
water sludge.

The Collegno plant is 
representative of an important 
segment of small to medium sized 
wastewater treatment facilities 

where energy recovery has often 
not been feasible by conventional 
generator types. SOFC technology 
with unparalleled efficiency and 
long maintenance intervals opens 
up new opportunities, particularly 
in these smaller facilities. Alone 
in Europe, there are thousands of 
wastewater treatment plants in the 
sub-megawatt power scale where 
energy embedded in sewage waste 
water currently goes unutilised, 
stated Convion.

MK35x stack design from 
Fraunhofer IKTS and Plansee
Plansee and Fraunhofer IKTS have 
been working together for several 
years and say that they are constantly 
developing the design of the MK35x 
stack. The production of intercon-
nects used in the MK35x stack 
demands a detailed and wide-ranging 
knowledge of various material alloys 
and specialist expertise throughout 
the entire manufacturing chain. 
Plansee manufactures the inter-
connects for this using a Powder 
Metallurgy processes. Using this 
production method, it is possible, for 
example, to create different struc-
tures on the top and bottom side 
independently on the same intercon-
nect.

Systems such as Convion’s C50 
provide valuable operating data that 
help both the system developer and 
component producers to constantly 
improve the technology. In order to 

maximise the knowledge gained 
from the test data, Convion, 
Fraunhofer IKTS and Plansee have 
been in close contact ever since it 
was decided to deploy MK351 stacks.

The MK351 stack has been 
endurance-tested for 20,000 hours 
in a realistic system environment. 
Over the test period, performance 
degradation was reportedly very low 
at 0.7% / 1,000 h. But improvement 
activities still continue. Small 
modifications to the interconnect 
allowed pressure loss on the 
air flux side to be reduced from 
16.7 mbar to 6.7 mbar at 4 sl/ min 
in the optimised MK352 stack 
design, an improvement which is 
particularly welcomed by the system 
manufacturers. It reduces the power 
consumption of the air feed, which 
in turn increases the electrical 
efficiency of the system.

The new MK352 stack design 
is also being endurance-tested. 
Currently, it has more than 11,000 
operating hours on the clock. 
Performance degradation is again 
reported to be at a very low level of 
0.7% / 1,000 h, while cycle stability 
was improved from 0.8% to 0.5% per 
10 cycles, as was demonstrated in a 
test over 120 combined RedOx and 
start/stop cycles. 

www.plansee.com
www.ikts.fraunhofer.de
www.convion.fi    

Fig. 1 Plansee manufactures the interconnects for the MK35x stack in the fuel 
cell using a Powder Metallurgy processes 

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


36 © 2017 Inovar Communications LtdPowder Metallurgy Review       Autumn/Fall 2017

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

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

Now in its third year, formnext powered by tct, November 
14-17, 2017, looks poised to continue its impressive 
growth path. A full six months before the 2017 show opens 
its doors, more than 20,000 m2 of exhibition space had 
been booked by 290 exhibitors, meaning that the organ-
isers have already surpassed the size of last year’s event.

formnext 2017 will for the first time occupy two levels 
of Messe Frankfurt’s Hall 3. The organisers stated that 
industry leaders are positioned at strategic locations on 
both levels to ensure a balanced flow of visitors.

“In an exciting and dynamic market, formnext 
continues to grow apace and underscore its status as the 
leading international conference and exhibition for Addi-
tive Manufacturing and the next generation of intelligent 
production solutions,” stated Sascha F Wenzler, Head of 
Division for formnext at event organizer Mesago Messe 
Frankfurt GmbH.

One of the pillars supporting the growth of formnext 
2017 is its large number of new exhibitors. This year, 100 
companies from 22 countries have registered to exhibit 
at formnext for the first time. Leading the way are those 
from Germany, China, Austria, France, the Netherlands 
and the United States.

Conference expansion
The formnext powered by tct conference brings together 
leading industry minds on each day of the exhibition. For 
the first time this year, it will cover the latest develop-
ments in Additive Manufacturing in two parallel sessions. 
The sectors covered will include aerospace, healthcare, 
automotive, heavy industry and the tool making sector.

www.formnext.com    

formnext 2017: 100 new 
exhibitors from 22 countries 
announced

Metal AM 
magazine at 
formnext
Metal AM magazine will 
once again be a media 
partner at formnext. 
Our Autumn/Fall issue 
will be distributed from 
our exhibition booth and the dedi-
cated literature area. Companies interested in 
supporting their participation though advertising 
in this issue should contact Jon Craxford, Metal 
AM Advertising Sales Director.
Email: jon@inovar-communications.com

INNOVATIONS TO POWER EVERYDAY LIFE

ONE-STOP SHOP
Your partner for carbon

www.imerys-graphite-and-carbon.com

We address the key requirements of PM and Hard Metals Industries 
with our natural, synthetic graphite and carbon blacks:

• Improved flowability of PM mixes
• Enhanced oxides reduction,

carburization, sintering activity
• Consistent dimensional stability
• Higher productivity

Carbon Black
ENSACO®

Graphite
TIMREX®

Engineering
Materials

See you at:

Milan, Italy
1 – 5 October 2017
Booth 57Call for Papers issued for 

POWDERMET2018 San 
Antonio
The Metal Powder Industries Federation (MPIF) has 
issued a Call for Papers for POWDERMET2018, the 
International Conference on Powder Metallurgy and 
Particulate Materials, taking place June 17-20, 2018, 
in San Antonio, Texas, USA. Both oral and poster 
presentations are requested for inclusion in the 
technical programme.

The deadline for submission of abstracts is November 
3, 2017, and the MPIF states that all submissions should 
be original and unpublished work addressing recent 
advances in the full spectrum of Powder Metallurgy 
and materials technologies. In addition to the regular 
technical sessions and posters, several special interest 
programs are being organised. Presentations in these 
programmes are intended for invited presentations. 

POWDERMET2018 will include an international 
exhibition focused on the Powder Metallurgy, Powder 
Injection Moulding, particulate materials and metal 
Additive Manufacturing industries.

www.powdermet2018.org    
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Iver Anderson, Senior Metallurgist at 
the US Department of Energy’s Ames 
Laboratory, and his team have been 
announced as winners of a 2017 Excel-
lence in Technology Transfer Award 
from the Federal Laboratory Consor-
tium (FLC) Mid-Continent Region. 
The FLC recognised the development 
of a ‘hot-shot’ pour tube that, when 
adapted into a high-efficiency nozzle, 
can produce titanium powder by a 
method that is said to be approxi-
mately ten times more efficient than 
traditional powder-making methods.

Titanium powder produced using 
the hot-shot pour tube is said to have 
enabled a dramatic shift in manufac-
turing away from traditional titanium 
casting/forging methods to net-shape 
forming. This successful manufac-
turing technique led to the formation 
of a multi-award winning start-up 
company, Iowa Powder Atomization 
Technologies, which was purchased in 
2014 by Praxair Surface Technologies. 
In 2015, Praxair began international 
sales of spherical titanium powder 
for Additive Manufacturing and Metal 
Injection Moulding for aerospace, 
medical and industrial parts.

Ames team wins award for 
development of titanium powder 
manufacturing process

In addition to Anderson, the award 
is shared by Andy Heidloff and Joel 
Reiken, formerly of Ames Laboratory 
and now of Praxair Surface Tech-
nologies, Inc.; and David Byrd, Ross 
Anderson and Emma White of Ames 
Laboratory. “Our team is very proud 
to accept this FLC award,” stated 
Anderson. “It helps us keep pushing 
Ames Laboratory’s processing 
science forward to these ultimate 
technology transitions involving our 
people.”

In a letter of support for Ames 
Laboratory in the FLC competition, 
Dean Hackett, Vice President of 
Praxair Surface Technologies, Inc., 
said, “Ames Laboratory is uniquely 
equipped and staffed with talented 
researchers who work as a team 
to develop breakthrough technolo-
gies in the production of atomised 
powders. Praxair Surface Technolo-
gies has chosen to commercialise 
the titanium atomisation technology 
from Ames and also to hire two of 
the three investigators (Heidloff and 
Reiken) that were responsible for 
this unique titanium atomisation 
process.”

Schematic of titanium Close-Coupled 
Gas Atomisation set-up utilising the 
‘hot shot’ composite pour tube

History of sintering and key players 
identified in new publication
A new publication from Professor 
Randall M German, titled ‘Sintering 
Science: A Historical Perspective’, 
is now available in both print and 
digital formats. This monograph is 
an overview on how sintering science 
evolved, identifying the key actors 
and the progress that leveraged from 
advances in atomic theory, materials 
testing and microstructure quanti-
fication. It documents who did what  
and when critical pieces of the puzzle 
fell in place.

Sintering is an ancient process, 
used thousands of years ago for the 
fabrication of bricks, pottery, cruci-

In congratulating Anderson and 
his team of scientists on the award, 
Ames Laboratory Director Adam 
Schwartz said the award demon-
strates Ames Laboratory’s commit-
ment to the Department of Energy’s 
mission of transferring technologies 
to the marketplace for the benefit 
of the American taxpayer. “We are 
very proud to join Iver and his team 
in celebrating this technological 
success,” said Schwartz, “And we’ll 
look forward to many anticipated 
future successes.”

www.ameslab.gov    

bles and precious metal jewellery. In 
modern times, humans apply sintering 
to the production of precise engi-
neering components, such as automo-
tive transmission gears and artificial 
knees. Indeed, sintered structures are 
found in most every aspect of modern 
life, including cellular telephones, jet 
engines and laptop computers.

The scientific understanding of 
sintering is a relatively recent develop-
ment. Quantitative ideas on particle 
bonding emerged between 1945 and 
1955. Those ideas continue to be 
refined, now largely in the form of 
advanced computer simulations.

This historical platform provides 
a base for looking into the future 
where research on nanoscale parti-
cles and Additive Manufacturing are 
employing new sintering concepts.

‘Sintering Science: A Historical 
Perspective’ is available from the 
MPIF in either print or PDF format.

www.mpif.org    
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0.5-20 micron-sized metal powder
homogeneous particle size
high activity
excellent compaction property

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

E-mail: export@sagwell.comAdd: 2325 Pv Drive West# 201, 
Palos Verdes Estates,CA 90274. Website: www.sagwellusa.com

Hydrogen storage system for 
residential homes makes use of metal 
hydride powder

GKN Sinter Metals reports that a 
team of engineers from GKN Powder 
Metallurgy has launched a project 
to use PM technology for energy 
storage in residential housing 
applications. In an interview with 
Project Leader Dr Nils Bornemann 
on its GKN Sinter Metals Blog, the 
company stated that a demonstrator 
system showcasing the new tech-
nology is to be installed at an alpine 
chalet in the South Tyrolean Alps, 
Italy.

The new energy storage system 
uses metal hydride powder as a 
storage medium for hydrogen. Metal 
powders have long been acknowl-
edged as an effective storage 
medium for hydrogen, which can 
be produced by and transferred to 
electrical power. However, due to 

the complex production and transfer 
process involved in metal hydride 
powder-based hydrogen storage, the 
technology has not been pursued for 
real-world applications and energy 
storage alternatives until recently.

“In the light of the strong move 
toward renewable resources and 
CO2 reduction requirements, we 
believe it is worth reviewing the 
idea,” stated Bornemann. In order 
to fully demonstrate the technology, 
the team required a mature house 
in which the efficiency of its energy 
storage system could be tested in 
as close to a ‘real world’ setting as 
possible. “If this project was only 
about proof of evidence of the basic 
concept, this could be done in one of 
our innovation centres,” Bornemann 
continued.

“A strong argument was to take a 
fresh look at metal hydride storage 
and to choose this house for our pilot. 
Being off-grid all year and knowing 
there will be less water power avail-
able in winter compared to summer 
is another challenge. However, the 
potential seasonal energy transfer is 
a great advantage of metal hydride 
based hydrogen storage compared to 
both conventional battery technology 
and regular gas hydrogen pressure 
tanks.

In GKN’s demonstrator system, 
electric energy is generated by a river-
connected turbine. The system then 
uses some of this permanent energy 
flow to produce hydrogen in an elec-
trolysis process. The hydrogen is then 
stored using the metal hydride powder 
system and converted back into elec-
tricity as needed using a fuel cell.

Development of the system 
remains underway, with further 
coverage of the project expected to be 
announced in due course.

www.gkn.com    

Micromeritics Instrument Corpo-
ration’s Particulate Systems Divi-
sion, Norcoss, Georgia, USA, has 
announced a new instrument for 
the more precise estimation of the 
average particle size of powders. The 
new instrument uses an air perme-
ability technique previously popular-
ised by the Fisher Sub-Sieve Sizer, 
which is no longer available.

The Subsieve AutoSizer (SAS) 
measures the specific surface area 
of a powder by passing air through a 
packed powder bed and determining 
the pressure of the transmitted air 
by means of calibrated and traceable 
digital pressure transducers (also 
used for setting the packing force 
and input pressure) instead of the 
water-filled manometer standpipe 
(or bubble-rate pressure estimate, 
in the case input pressure) used in 
older methods. The specific surface 
area is then easily converted by the 
instrument to an equivalent spherical 
particle diameter using geometric 
and density considerations.

For over fifty years, the refrac-
tory metals, ceramics, lighting, other 
phosphors and pharmaceutical 
industries have relied on air perme-
ability measurements to estimate 

The Subsieve AutoSizer (Courtesy Micromeritics Instrument Corporation)

New particle size measurement 
technique uses air permeability for 
greater precision

the particle size of their materials. 
Some of these methods offer very 
imprecise results, leading to a large 
degree of rework and confusion 
in those industries. Because of its 
accurate and precise measurement 
of pressure by means of pressure 
transducers, the SAS reportedly 
provides much greater precision 
than traditional methods, allowing 
for appropriate particle size speci-
fications to be set for both process 
and quality control and for outgoing 
powder material specifications. 
The new instrument thus offers a 
fast and easily-obtained estimate of 
particle size in order to meet those 
specifications.

Several international standard 
test methods have been developed 
for use with the SAS, including ASTM 
Standard Test Methods B330 (for 
metals), C721 (for some ceramic 
materials) and E2980 (a general 
standard for particle size measure-
ment of a wide range of materials). 
ISO Standard 10070, a general 
standard test method for this type 
of particle size measurement, is 
currently being revised for use with 
the SAS.

www.micromeritics.com    

MPIF releases 
updated Powder 
Metallurgy 
Industry Roadmap

The Metal 
Powder 
Industries 
Federation 
(MPIF), New 
Jersey, USA, 
has released 
an updated 
version of its 
PM Industry 
Roadmap. Compiled with the aid of 
Powder Metallurgy industry leaders, 
the 2017 edition addresses the 
current vision for the PM industry and 
includes a view of future customer 
and market expectations, as well as 
a number of goals designed to meet 
these expectations.

The 2017 PM Industry Roadmap 
marks the third time it has been 
updated since its creation in 2001. 
Since the last edition, published 
in 2012, the MPIF states that the 
PM industry has made significant 
progress in the processing of lean 
ferrous alloys, aluminium, tita-
nium, magnesium and metal matrix 
composites. Component densities 
continue to rise with improvements 
in powders, lubricants, tooling, warm 
compaction, high-tonnage compac-
tion presses and sintering tech-
nology.

The most visible advance since the 
2012 update is said to be the rapid 
emergence of metal Additive Manu-
facturing. However, the MPIF also 
states that Metal Injection Moulding 
has also grown significantly having 
advanced in material options, process 
control and standardisation. Mate-
rial and process developments have 
enabled new PM applications, such 
as variable valve timing sprockets, 
electronic power steering pulleys, 
turbocharger vanes and jet engine 
fuel nozzles.

The 2017 PM Industry Roadmap 
is a free resource which can be 
accessed via the MPIF’s website.

www.mpif.org    
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www.retsch-technology.com

Particle Size & Shape 
Analysis of Metal Powders

CAMSIZER X2 – new generation optical particle 
analyzer with patented dual camera technology, 
based on Dynamic Image Analysis.

n Wide measuring range from 0.8 µm to 8 mm

n Dry and wet measurement 

n Reliable detection of oversized and
undersized particles down to 0.01% Vol

n Particle shape analysis down into
the low micron range

Visit us at Stand #85 Visit us at Stand 3.0-E90

RT-Advert-GB-PMR-EuroPM-formnext-90x255.indd   1 24.07.2017   09:15:10

Industry News

Vacuum Heat-treatment SyStemS for additiVe manufacturing

Phone: +49 (641) 68 690 - 0
E-Mail: vacuum@pvatepla.com
Home: www.pvatepla.com

Precise ◊ reliable ◊ efficient

Horizontal/Vertical Design ◊ grapHite/Metal Hot zone ◊ VacuuM/inert gas atMospHere ◊ teMperatures <2,500 °c ◊ plasMa nitriDing

Driven by German enGineerinG culture

EPMA launches new High 
Temperature Sintering (HTS) 
Club Project

The European Powder Metallurgy Association (EPMA) will 
launch a new club project on ‘High Temperature Sintering 
– analysis of commercially available alloys (processes and 
properties)’ in partnership with an industrial consulting 
team consisting of Dr Volker Arnhold and Dr Vladislav 
Kruzhanov, as well as the Department of Industrial Engi-
neering at the University of Trento, Italy. The key steps of 
the project will be:

• Manufacturing test parts of several commercial alloys
• Sintering in industrial furnaces at club project 

member facilities
• Testing several mechanical and dimensional proper-

ties for a quick evaluation
• Evaluation of experimental results and Final Report

Work on the project will begin later this year and 
involves eight industrial partners: GKN Sinter Metals, 
AMES, Schunk, Hoeganaes Corp, Eisenmann, PMG 
Holding, Riedhammer and Höganäs AB. In total, it is 
expected to cost €40,000, with a maximum Individual 
Project Fee of €5,000 per participant.

According to the EPMA’s announcement, there are 
currently some openings still available for new partici-
pants on the project. For more information, contact Dr 
Olivier Coube (oc@epma.com).

www.epma.com/projects    

Hagen Symposium to focus 
on ‘Powder Metallurgy – Key 
to Mobility’

The 36th Hagen Symposium on Powder Metallurgy, to be 
organised by the Fachverband Pulvermetallurgie (FPM) in 
Hagen, Germany, November 30 - December 1, 2017, will 
discuss the use of PM as a key manufacturing technology 
in transportation industries such as the automotive and 
aerospace sectors.

In addition to presentations on developments in 
sintered steels and fully dense powder forged compo-
nents for conventional fuel-efficient vehicles with internal 
combustion engines, there will also be a focus on func-
tional PM components for electric vehicles and develop-
ments in PM superalloys and light metal alloys used in the 
aerospace sector.

A number of presentations will feature Additive Manu-
facturing used for series production of alloy components 
for transportation, the development of PM materials in 
fuel cells used to power trucks and in lithium batteries, 
as well as the Metal Injection Moulding of recycled NdFeB 
powder to produce permanent magnets.

www.pulvermetallurgie.com    

GKN Sinter Metals joins Lightweight 
Innovations for Tomorrow (LIFT) 
partnership

GKN Sinter Metals has joined 
a partnership with Lightweight 
Innovations for Tomorrow (LIFT), 
Detroit, Michigan, USA. In an article 
published by GKN Sinter Metals, Alan 
Taylor of GKN Sinter Metals Light-
weight Technology commented on 
the new partnership and the future of 
lightweight technology in the market 
as industries move toward electrifica-
tion and hybridisation.

“LIFT is a US public-private 
organisation with the goal to develop 
advanced lightweight materials and 
apply training programs to prepare 
the incoming workforce. Members 
range from aerospace and automo-
tive supply companies to govern-
ment-run agencies and universities. 
As a member, GKN utilises LIFT as a 
hub to partner with those members,” 

Taylor stated. The company’s aero-
space division, GKN Aerospace, has 
been a voting member of LIFT since 
joining in February 2016.

Speaking on LIFT’s grant 
proposal process, Taylor also 
revealed that GKN Powder Metal-
lurgy and GKN Aerospace are 
working on potential projects 
through LIFT. “The organisation 
works as a facilitator for compa-
nies like us,” he explained. “LIFT is 
a coordinator team for member’s 
projects by allocating workloads and 
managing programme operations.”

“The ability to partner with 
customers and competition as peer 
relationships is also an advantage. 
LIFT targets projects that take 
technology from laboratory to new 
production products, which allows 

us to collaborate with companies that 
we normally wouldn’t have the oppor-
tunity to work with,” he continued.

Asked what role lightweight 
technology plays in the future of 
industry, Taylor stated, “lightweight 
is a market-driver – everything in 
transportation needs to be lighter 
to reduce our global CO2 footprint. 
It really speaks to our corporate tag 
line of ‘Engineering that moves the 
world,’ but more efficiently!”

Lightweight technology at GKN 
is a direct result of the company’s 
research to develop lighter materials 
such as aluminium for PM. “Lighter 
technology is now the third aspect 
of purchase decisions together with 
functionality and cost… To stay an 
industry leader, you have break the 
‘we always do it that way’ philosophy 
and you have to be brave. We’re going 
after new technologies in lightweight 
and Additive Manufacturing, and we 
aren’t solely focused on maintaining 
the present.”

www.gkn.com     
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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

The unique properties of sintered 
copper-chromium (CuCr) has made 
the material ideal for medium 
voltage applications in arcing 
contacts used in the power trans-
mission and distribution sector. 
The CuCr contacts are located at 
the heart of the arcing chamber 
of vacuum interrupters and they 
have been successfully and reliably 
used for over forty years to inter-
rupt and connect the electrical 
circuit. A presentation at the recent 
19th Plansee Seminar by Ulla Hauf 
(Karlsruhe Institute of Technology) 
and co-researchers at Darmstadt 
Technical University and Plansee 
Powertech AG, reported on work 
done to optimise the current 
breaking capacity of sintered CuCr 
contact materials for vacuum inter-
rupters. Their work focused on CuCr 
contact materials made from two 
different compositions (Cu with 25 
and 43 wt.% Cr designated CC75 
and CC57 respectively), a CuCr alloy 
using high purity Cr (25 wt.% Cr and 
designated CC75hp), and standard 
CuCr material containing 25wt% Cr 
with an additional heat treatment, 
designated CC75m. 

The four grades of CuCr were 
manufactured by Plansee Powertech 
AG, a leading producer of arcing 
contact materials for power trans-
mission and distribution based in 
Seon, Switzerland, using Cr powder 
having a near constant particle 
size of around 100 µm. The authors 
stated that the purity of the contact 
material is said to have a major 
influence on its switching proper-
ties and that the impurity content 
(oxygen/nitrogen) is mainly deter-
mined by the purity of the Cr powder. 
The standard grade Cr is said to 
have a purity of 99.2% whereas the 
high purity grade has a purity of 
99.9% and contains fewer impuri-

Optimisation 
of CuCr contact 
materials 
for vacuum 
interrupters

ties such as Fe, Al, O and N. The 
additional heat treatment in CC75m 
grade was to reduce O and N levels 
in the standard Cr powder. The 
(O,N)-content of the CuCr materials 
containing standard Cr is reported to 
be: 409 ± 94 ppm O and 65 ± 13 ppm 
N for CC57 and 310 ± 99 ppm O and 

Fig. 1 (O,N)-content for the CuCr contact materials investigated in the 
as-sintered state (From paper by U Hauf, et al., as published in the Proceed-
ings of the 19th Plansee Seminar)

Fig. 2 Melted areas on anode and cathode side (top) and cross section along 
A (bottom) with observed regions subsequent to a single interruption of 
CuCr contact material grade CC75 with Ip = 6.25 kA; tarc = 10.4 ms and Q = 
43.6 As (From paper by U Hauf, et al., as published in the Proceedings of the 
19th Plansee Seminar)

39 ± 18 ppm N for CC75, respectively, 
as shown in Fig. 1. The high purity 
Cr CC75hp has 161 ± 62 ppm O and 
4.4 ± 4 ppm N), which leads to a 
decrease in O- and N-content of 50 
and 90%, respectively compared with 
the standard powder. The additional 
heat treatment (in Ar-atmosphere, 

Plansee Seminar highlights trends in 
refractory metals and hard materials

The 19th Plansee Seminar, organised 
by the Plansee Group, took place 
in Reutte, Tirol, Austria, May 29 to 
June 2, with over 470 delegates from 
28 countries in attendance.  Origi-
nally established by Professor Paul 
Schwarzkopf in 1952 as a four-yearly 
event bringing together the academic 
and industrial world to discuss 
material and technological innova-
tions in the field of refractory metals 
and hard materials, the 19th Plansee 
Seminar lived up to its reputation 
with an exciting week of high-level 
presentations and innovations.

Dr Karlheinz Wex, member of 
Plansee Holding AG’s Executive 
Board, said in his welcome address 
that both the refractory metals and 
hard materials sectors are very close 
to technological mega trends which 
support new applications for these 

sectors. “Innovation is a key factor for 
our industry. This means reinventing 
our existing business models with the 
support of improved or new materials 
processes and technologies to even 
better serve our global customers,” 
stated Wex. Additive Manufacturing 
was cited as a key new manufac-
turing technology which both sectors 
are expected to exploit.

Keynote presentations at the 
Plansee Seminar included an 
overview of global trends in refrac-
tory metal markets by Plansee’s 
Ulrich Lausecker, and global trends 
in the hard materials (cemented 
carbide) sector by Dr Christoph Gey, 
Kennametal Europe GmbH. A report 
discussing both these presentations 
can be found on page 79 of this issue 
of Powder Metallurgy Review. There 
is also a report on the presentations 

given during the EPMA’s European 
Hard Materials Group (EuroHM) open 
meeting at Plansee on ongoing Club 
Projects and the presentation on the 
current status of hazard classification 
of cobalt (page 89).

The 19th Plansee Seminar was 
chaired by Dr Lorenz Sigl, with Dr 
Heinrich Kestler as secretary.

www.plansee-seminar.com    
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1 h at 150°C and 400°C, respectively) 
applied to CC75m further reduces 
the O-content in the standard Cr 
powder to 170 ± 43 ppm, but the 
N-content remains constant.

The physical properties for the 
four materials in the as-manufac-
tured state are shown in Table 1. 
The authors reported that, in order 
to identify fundamental mate-
rial parameters determining the 
performance of the CuCr contact 
materials, and to assess micro-
structure-property relations, current 
breaking capacity tests are not 
suitable alone due to anode/cathode 
reversal caused by a subsequent 
arc formation in case of inter-
ruption failure. Therefore, single 
switching and controlled multiple 
switching tests were performed. 

Fig. 3 Progression of successful and unsuccessful current interruptions of 
the investigated materials (From paper by U Hauf, et al., as published in the 
Proceedings of the 19th Plansee Seminar)

Fig. 2 shows the results of a typical 
single switching event where the 
material can be seen to be strongly 
influenced by heat, partial melting 
and re-solidification. In order to 
calculate the Heat Affected Volume 
(HAV) size of the melted spot on the 
surface (Fig. 2, left) was multiplied 
with the heat affected depth (depth 
from surface to end of R2, Fig. 2, 
right), for the anode and cathode 
side, respectively. The dependence 
of heat affected volume on the 
transferred charge was observed 
for both CuCr compositions, and 
in current breaking tests the 
maximum breaking current was 
also in the same range. Both mate-
rials needed about ten switching 
operations, the so-called ‘condi-
tioning phase’, before successful 

Table 1 Physical properties for CC57, CC75, CC75hp and CC75m (From paper 
by U Hauf, et al., as published in the Proceedings of the 19th Plansee Seminar)

Sample: Cr-content in wt.% density in g/cm³ porosity in vol.%

CC57 22 ± 1 7.7 ± 0.1 4.5 ± 1.3

CC75 30.7 ± 1 8.2 ± 0.1 3.4 ± 1.3

CC75hp 33.4 ± 1 8.1 ± 0.1 4.4 ± 1.2

CC75m 33.7 ± 1 8.2± 0.1 3.4 ± 1.3

interruption at a stable maximum 
current value was obtained.

The switching tests were 
performed in a model vacuum 
chamber at High Voltage Labora-
tories of the Technical University 
Darmstadt. For all tests, a sinusoidal 
50 Hz current half-cycle, an average 
contact opening velocity of 0.8 m/s 
and a final contact gap of 11 mm 
were applied. Current breaking 
capacity was evaluated by means of 
at least ten switching tests at each 
Ip with stepwise increasing current 
level until no further successful 
current interruption was obtained. 
The fraction of successful interrup-
tions was determined depending 
on the applied Ip. In the case of 
unsuccessful current interruption, 
an auxiliary commercial VI opens to 
protect the circuit. 

The authors found that using a 
high purity Cr powder increases 
current breaking capacity by 70% 
and a vanishing conditioning phase 
is observed (Fig. 3). A substantially 
shorter conditioning phase was also 
observed for the CC75m heat treated 
material, but current breaking 
capacity seems to be unaffected. 
Therefore, the present investiga-
tion reveals that the most relevant 
parameter influencing current 
breaking capacity and duration of 
the conditioning phase is the (O,N)-
content of contact materials with 
inherent porosity in the sintered 
alloy not contributing to differences 
in switching behaviour. However, the 
authors stated that further experi-
ments, for example on the impact 
of nitrogen, are needed to gain a 
complete understanding of the 
interplay between current breaking 
capacity and material composition 
and microstructure.    

The above paper is published in 
the Proceedings of the 19th Plansee 
Seminar,  International Confer-
ence on Refractory Metals and Hard 
Materials, May 29 - June 2. Further 
details from www.plansee-seminar.
com
Author email: ulla.hauf@kit.edu

Industry News

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


Autumn/Fall 2017       Powder Metallurgy Review48 49© 2017 Inovar Communications Ltd © 2017 Inovar Communications LtdPowder Metallurgy Review       Autumn/Fall 2017

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

0

5

25

75

95

100

The POWDERMET2017 International 
Conference on Powder Metallurgy and 
Particulate Materials was held in Las 
Vegas, USA, June 13-16, 2017. Organ-
ised by the Metal Powder Industries 
Federation (MPIF), the event attracted 
over 950 participants and included 
three days of presentations accom-
panied by an exhibition and a range 
of social and networking events. The 
Opening General Session included 
a presentation by MPIF President 
Patrick McGeehan (Fig. 1), who gave 
delegates a detailed overview of the 
state of the North American Powder 
Metallurgy industry.

Metal powder shipments
The metal powder market reflected a 
mixed-bag in 2016, stated McGeehan. 
North American iron powder ship-
ments for use in the PM parts sector, 
representing 92% of the iron powder 
market, increased by just under 1% 
to 386,963 st. However, the non-PM 
sectors such as welding electrodes, 
cutting and miscellaneous applica-
tions all declined during the year. The 
result was that total iron powder ship-
ments declined by 2,941 st in 2016, to 
a reported 420,624 st (Fig. 2). 

Estimated stainless steel powder 
shipments rose by 4.9% to 8,500 st 
and nickel powder shipments also 
rose, but by a negligible amount to 
6,200 st. Copper powder shipments 
slipped marginally to 17,800 st, with 
non-PM copper powder applications 
such as bio-medical and brazing 
performing better than traditional PM. 
Whilst aluminium PM offers signifi-
cant growth opportunity, especially 
in the automotive market, McGeehan 
stated, the total aluminium powder 
market fell by 12.5% to 35,000 st 
in 2016. The current annual US 
aluminium PM parts market ranges 
from 2,000 to 3,000 st.

The refractory metals market 
declined again, due to a protracted 
slowdown in the oil and gas markets. 

POWDERMET2017: 
State of the PM 
Industry in North 
America

Tungsten powder shipments declined 
an estimated 56% to 1,270 st; 
however, tungsten carbide powder 
shipments increased an estimated 
23% to 5,770 st. Molybdenum ship-
ments remained stable at an esti-
mated 1,940 st.

The total estimated 2016 North 
American metal powder shipments 
decreased modestly to 497,104 st 
(Table 1). 

Powder Metallurgy parts market 
trends
Overall, 2016 can be characterised 
as an encouraging business year for 
the industry’s leading sector. Powder 
Metallurgy parts makers experi-
enced steady gains, especially among 
suppliers of higher value-added auto-
motive parts. Industry sales gained 
by an estimated range of 4% to 10%, 
depending upon markets served.

The 2017 MPIF PM Industry Pulse 
Survey conducted among members 
of the Powder Metallurgy Parts Asso-
ciation (PMPA) during the autumn of 
2016 revealed that iron-based parts 
represented 82% of product shipped, 
followed by stainless steel parts at 
9%, copper-based parts at 6%, soft 
magnetic parts at 2% and aluminium 
at 1%. Most PMPA respondents 
(79%) did not see an increase in their 
customers’ purchase of imported 
PM parts vs. domestically produced 
parts. In addition, 69% of respond-

ents have experienced a re-shoring 
or re-sourcing of products returning 
to the US from foreign sources. 

McGeehan added that compa-
nies based in Western Pennsyl-
vania enjoyed positive business 
levels across the board. The many 
family-owned job shops offer 
rapid-response service to customer 
needs, quick decision-making and 
short-run production.

Automotive market trends
While different experts point to US 
auto sales peaking and contracting 
this year to around 17 million light 
vehicles, the short-term outlook for 
PM parts sales remains relatively 
stable and positive. The best-selling 
light trucks with V-8 engines and 
SUVs maintain their normal PM 
parts content of up to 27 kg (60 lb) 
or more. Crossover vehicles carry an 
estimated 20.2 kg (45 lb) of PM parts 
and passenger cars contain about 
10.8 kg (24 lb) on average.

GM and Chrysler vehicles still 
use six-speed transmissions that 
contain an estimated 10.3 to 12.1 kg 
(23 to 27 lb) of PM parts. Newer 
eight and nine-speed transmis-
sions account for the same or 
fewer pounds. Variable valve timing 
(VVT) systems, using up to 2.7 kg 
(6 lb) of PM parts in larger engines, 
will continue to grow, McGeehan 
expected.

It was stated that recent trends 
include new applications in auto-
motive electric power trains, the 
development of more complicated 
gearing and new wear coatings on 
moving parts. Aluminium PM parts 
will see strong gains as automotive 
designers strive to reduce vehicle 
weight. 

 Looking ahead, production in 
North America and Europe will stabi-
lise while Asia (mainly China) will 
grow long term. China produced 25.2 
million light vehicles in 2016 and this 
year Chinese production is projected 
to rise to 26.8 million vehicles.

Powder Metallurgy equipment 
trends
According to the 2017 MPIF Pulse 
Survey among members of the 
Powder Metallurgy Equipment 
Association (PMEA), the majority of 
equipment builders forecast a stable 
capital equipment purchase trend 
over the next five years. Currently, 
the PM parts industry has enough 

production capacity in place. Most 
new equipment purchases are for 
capability as opposed to capacity.

Annual compacting press orders 
were said to have stabilised in the 
20–25 unit range. However, there 
seems a definite need for larger 
tonnage presses featuring more 
levels. Tooling trends cover more 
complex tooling for larger parts and 
innovative gear forms with teeth on 
the outer perimeter of parts and 

asymmetric sprockets. Furnace 
trends include rapid cooling systems 
and adding more zones in furnaces.

Metal Injection Moulding  
US Metal Injection Moulding sales 
increased by about 10% in 2016 to 
an estimated range of $350 million 
to $400 million stated McGeehan. 
The industry includes about 25–30 
commercial job-shop parts makers 
and 15–18 captive operations making 

Fig. 2 North American iron powder shipments 2007-2016 (Courtesy MPIF)

Fig. 1 MPIF President Patrick McGeehan gave a detailed overview of the state 
of the North American Powder Metallurgy industry during his presentation at 
POWDERMET2017, Las Vegas, June 13-16, 2017 (Courtesy MPIF)

North American iron powder shipments
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medical & dental and firearms for 
their own products. It is estimated 
that MIM-grade powders consumed 
in the US increased by at least 10% 
to a range of 1,365,000–1,745,700 kg 
(3–3.85 million lb).

Stainless steels and low-alloy 
steel continue dominating the MIM 
materials mix, representing an esti-
mated 83% of powders consumed. 
Other MIM materials include soft 
magnetic materials, tungsten alloys, 
titanium, tool steels, Inconel 625 and 
718 and tungsten carbide. Traditional 
MIM markets remain steady, except 
for a significant decline in the fire-
arms market beginning in early 2017. 

Metal Additive Manufacturing
Metal Additive Manufacturing was 
reported to be showing great promise 
in North America, stated McGeehan. 
Industry observers draw parallels to 
the formative years of MIM, but metal 
AM has many more major interna-
tional corporations, investor groups 
and universities making serious 
dollar and R&D-time investments in 
the technology. Leading materials 
include 316 and 17-4 PH stainless 
steel, cobalt-chrome and titanium 
powders. Companies are also inves-
tigating aluminium alloys, copper, 
super alloys, platinum, Inconel, tung-
sten, molybdenum and tool steels.

Currently there are close to twelve 
metal AM equipment suppliers 
supplying the international market 

and up to 75 North American metal 
AM parts fabricators, including job 
shops and in-plant manufacturing 
operations.

Hot Isostatic Pressing trends
It was stated that HIP industry 
companies gained in 2016 based on 
a pick-up of demand from the aero-
space and aircraft engine (commer-
cial and military) markets. Never-
theless, the oil-and-gas market 
sectors continued in a depressed 
mode. Densification services for 
MIM and metal AM parts remain 
strong and will continue to grow. 
HIP processing of high-speed steel 
billets will continue growing as well. 
According to the 2017 MPIF Pulse 
Survey, the macro outlook for the 
HIP industry remains in a growth 
life-cycle.

Refractory metal trends
McGeehan stated that the tungsten 
market appears to have bottomed 
out in 2016 and there is relief in 
sight, although it is precariously 
dependent on oil-and-gas prices, 
which remain low. North American 
oil-and-gas drilling rigs have been 
steadily increasing at rates not seen 
in six years and are at April 2015 
levels. Drilling rig count is up 85% 
today over the same period in 2016 
(885 vs. 479 rigs). Mining activity 
is up with some metals, but not 
consistently up overall, and is greatly 

dependent on global economies such 
as China, whose economy is still 
neutral. Meanwhile, there have been 
increases in mining for zinc, coal, 
and copper, which has had a positive 
effect on tungsten. Both of these 
well-established tungsten market 
applications play an important factor 
in the PM industry.

McGeehan stated that 2017 looks 
to be a positive year for refrac-
tory metals, as global economies 
continue on their positive trend, 
energy demand is increasing and 
OPEC agreements have reduced oil 
production.

Outlook
McGeehan summarised by saying 
that with signals from the national 
economy still flashing good news, 
the PM industry’s general outlook 
for 2017 should be satisfactory. This 
is especially true for the MIM and 
metal AM sectors. Traditional PM 
parts sales should still experience 
moderate growth in the automotive, 
consumer products and industrial 
equipment markets.

The 2017 MPIF Pulse Survey 
points to continued sales increases. 
Overwhelmingly, PMPA members see 
gains. Matching their optimism, 83% 
of the responding companies will 
add to their workforce this year and 
66% will increase capital spending. 
Members of the Metal Powder 
Producers Association (MPPA) are 
equally divided about their sales fore-
cast: 50% see increases while 50% 
see sales staying even. Meanwhile, 
89% of the Metal Injection Molding 
Association (MIMA) respondents 
project sales increases. Members of 
the Isostatic Pressing Association’s 
(IPA) also expect gains in 2017.

PM companies are well-positioned 
to meet the challenges ahead 
with realistic expectations, careful 
planning and R&D investments. 
Opportunities within the industry are 
plentiful, stated McGeehan. PM’s 
positive history of reinventing itself 
by adopting new technologies and 
entering new markets will certainly 
support continued growth in the 
years ahead.

www.mpif.org    

North American metal powder shipments 
2015-2016 2015 2016

Iron & Steel 423,565 420,624

Stainless Steel 8,100 E 8,500 E 

Copper & Copper Base/Tin* 17,940 E 17,800 E 

Aluminium 40,000 E 35,000 E 

Molybdenum 1,940 E 1,940 E 

Tungsten   2,900 E 1,270 E 

Tungsten Carbide 4,700 E 5,770 E 

Nickel 6,120 E 6,200 E 

Total (short tons) 505,265 497,104 

(E) estimate *PM parts only

Table 1 North American metal powder shipments 2015-2016 in short tons 
(Courtesy MPIF)

Retsch introduces new generation 
Camsizer X2 for high-res metal 
powder characterisation

Retsch Technology, Haan, Germany, 
has released a new dynamic image 
analysis system for high-resolution 
metal particle size and shape 
analysis. The Camsizer X2 offers 
users comprehensive particle size 
and shape analysis in the lower 
micron range and can be used to 
characterise metal powders used 
for Powder Metallurgy, Additive 
Manufacturing and Metal Injection 
Moulding.

As even the smallest quantity of 
oversized particles or dust can have 
a negative impact on the manu-
facturing process, it is important 
that the quality control process 
must ensure that size irregulari-
ties in powder samples are reliably 
detected. According to Retsch, the 
new Camsizer X2 records all relevant 
size and shape parameters in less 

than 2 minutes, including aspect 
ratio, roundness and symmetry. This 
makes it possible to quickly and 
reliably evaluate fresh powders, as 
well as recycled material which often 
contains a certain percentage of 
undesired particles.

During the system’s dynamic 
image analysis process, a sample 
of metal powder is dispersed to be 
analysed in an air jet. Two high-speed 
cameras then capture clear and 
distortion-free shadow projections 
of every single particle, enabling the 
system to carry out an automatic 
evaluation of more than 300 images 
per second in real time.

The Camsizer X2’s ability to 
analyse millions of individual parti-
cles in real time ensures a high 
degree of statistical certainty and 
reproducibility. According to Retsch, 

particles outside the main size 
distribution are reliably detected, 
even if their percentage of the total 
sample is less than 0.01%, making 
this technology superior to other 
methods such as sieve analysis and 
laser diffraction.

Retsch will present its Camsizer 
X2 on Booth #85 at Euro PM2017 
Congress and Exhibition, Milan, Italy, 
October 1-4, 2017, and Booth 3.0-E90 
at formnext, Frankfurt, Germany, 
November 14-17, 2017.

www.retsch.com    

The new Camsizer X2 (Courtesy 
Retsch)

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


52 © 2017 Inovar Communications LtdPowder Metallurgy Review       Autumn/Fall 2017

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

Buying and selling
powder metal 
and furnace scrap 
worldwide, since 1946. 

1403 4th St. • Kalamazoo MI USA • 49001 Mailing: 
PO Box 2666 • Kalamazoo MI USA• 49003 Call toll-
free, USA: 1-800-313-9672
Outside USA/Canada: 1-269-342-0183
Fax: 1-269-342-0185

Contact Robert Lando
Email: robert@aceironandmetal.com

aceironandmetal.com

Recycling

worldwide, since 1946.

1403 4th St. • Kalamazoo MI USA • 49001
Mailing: PO Box 2666 • Kalamazoo MI USA• 49003
Call toll-free, USA: 1-800-313-9672      Outside USA/Canada: 1-269-342-0183
Fax: 1-269-342-0185

Contact Robert Lando
Email: robert@aceironandmetal.com

aceironandmetal.com

powder metal and furnace scrap

Recycling

worldwide, since 1946.

1403 4th St. • Kalamazoo MI USA • 49001
Mailing: PO Box 2666 • Kalamazoo MI USA• 49003
Call toll-free, USA: 1-800-313-9672      Outside USA/Canada: 1-269-342-0183
Fax: 1-269-342-0185

Contact Robert Lando
Email: robert@aceironandmetal.com

aceironandmetal.com

powder metal and furnace scrapRecycling

worldwide, since 1946.

1403 4th St. • Kalamazoo MI USA • 49001
Mailing: PO Box 2666 • Kalamazoo MI USA• 49003
Call toll-free, USA: 1-800-313-9672      Outside USA/Canada: 1-269-342-0183
Fax: 1-269-342-0185

Contact Robert Lando
Email: robert@aceironandmetal.com

aceironandmetal.com

powder metal and furnace scrap
Recycling

worldwide, since 1946.

1403 4th St. • Kalamazoo MI USA • 49001
Mailing: PO Box 2666 • Kalamazoo MI USA• 49003
Call toll-free, USA: 1-800-313-9672      Outside USA/Canada: 1-269-342-0183
Fax: 1-269-342-0185

Contact Robert Lando
Email: robert@aceironandmetal.com

aceironandmetal.com

powder metal and furnace scrap
Recycling

worldwide, since 1946.

1403 4th St. • Kalamazoo MI USA • 49001
Mailing: PO Box 2666 • Kalamazoo MI USA• 49003
Call toll-free, USA: 1-800-313-9672      Outside USA/Canada: 1-269-342-0183
Fax: 1-269-342-0185

Contact Robert Lando
Email: robert@aceironandmetal.com

aceironandmetal.com

powder metal and furnace scrap

Buying and selling
powder metal 
and furnace scrap 
worldwide, since 1946. 

1403 4th St. • Kalamazoo MI USA • 49001 Mailing: 
PO Box 2666 • Kalamazoo MI USA• 49003 Call toll-
free, USA: 1-800-313-9672
Outside USA/Canada: 1-269-342-0183
Fax: 1-269-342-0185

Contact Robert Lando
Email: robert@aceironandmetal.com

aceironandmetal.com

2017 Spring PMR advert ACE.indd   1 21/02/2017   14:36:58

New applications for Powder Metallurgy 
main focus of India’s PM-17 conference 
and exhibition

The PM-17 International Conference 
& Exhibition on Powder Metallurgy 
and Particulate Materials, organised 
by the Powder Metallurgy Asso-
ciation of India (PMAI), took place 
February 20-22, 2017 in New Delhi, 
India. PMAI’s popular conference 
is held annually and draws a wide 
variety of presentations and dele-
gates from across Asia and globally. 
This years event was attended by 
over two hundred delegates. 

Welcoming delegates and guests 
to PM17, Professor P Ramakrishnan, 
Conference Chairman, announced 
that some sixty-five technical 
presentations would be given across 
six plenary sessions, one special 
session and six parallel sessions. 
The conference was opened with 
the traditional lighting of the lamp 
ceremony.

Powder Metallurgy in India
PMAI President N Gopinath’s 
opening presentation, ‘A Review of 
PM in Indian Industry, Opportunities 
and Challenges’, highlighted 

production figures and addressed 
some of the challenges facing the 
PM industry in India. Gopinath 
stated that, currently, over 30,000 
tons of ferrous and 6,000 tons of 
non-ferrous metal powders are used 
in PM applications in India. Nearly 
80% of all iron powder is used in 
automotive applications, while 5% is 
used in bearings, 6% in machinery 
and 7% in appliances. He stated 
that 60% of copper powder is used 
in appliances while 18% is used in 
friction materials, 15% in diamond 
tools and 7% in other applications. 

Due to the region’s stringent 
Bharat 6 emission standards to 
be enforced from 2020, Gopinath 
stated that the next generation 
parts currently in development for 
automobiles included VVT parts, 
cam lobes, high strength gears, 
powder forged connecting rods, 
synchroniser rings, stainless steel 
parts for exhaust systems and 
turbo-chargers. 

Gopinath added that the main 
challenges faced by the Indian PM 

industry are high equipment and 
tooling costs, coupled with a lack of 
technically trained manpower and 
low awareness of PM technology in 
industry.

Challenges facing the industry
The above sentiment was echoed by 
Professor Rama Mohan during his 
R. V. Tamhankar Memorial Lecture, 
titled ‘Problems Hindering the Devel-
opment of High Technology Particu-
late Materials in India’. To be able to 
take particulate materials into the 
next generation, he stated, several 
infrastructural problems must be 
overcome. 

As well as requiring high capital 
expenditure, most often the raw 
materials and equipment need to be 
imported. In addition, the markets 
for particulate materials are often 
niche, relatively small and uncertain. 
Technologies developed overseas 
for superalloys, titanium alloys, 
high-alloy and special steels, refrac-
tory metal components, advanced 
ceramics and composites also 
require special processing equip-
ment, he stated. 

Factors limiting the growth of high 
density, high strength components 
in India include a general lack of 
high quality powders as well as high 
pressure compaction presses, hot 
presses and Hot Isostatic Presses, 
powder forging presses, high quality 
extruders for making thin walled 
sections, high temperature sintering 
furnaces and special equipment for 
testing, he stated. Addressing the 
shortage of technical manpower, 
Rama Mohan added that although 
no formal Powder Metallurgy degree 
programme is offered by any Indian 
institute of technology or other 
engineering college in the country, 
some B. Tech, B. E or M. Tech, M. E 
or PhD programmes offer research 
projects in PM as well as in particu-
late materials. The PMAI also offers 
training through short courses and 
workshops in plant practice, and 
encourages students and young 
scientists to make presentations 
in annual technical meetings and 
international conferences by giving 
various awards.  

Fig. 1 The conference was opened with the traditional lighting of the lamp 
ceremony. (From left to right, Prof T R Rama Mohan Co-chair, N Gopinath 
President PMAI and Prof P Ramakrishnan Conference Chairman)
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Awards recognise significant work 
in Powder Metallurgy research and 
development
This year’s event included a 
number of awards for students and 
researchers aimed at rewarding 
outstanding research work. An expert 
committee evaluated the submis-
sions and the awards were presented 
during the conference. 

Grand PMAI Student Award
The Grand PMAI Student Award 
at this year’s event was presented  

to Manoj Gautam (Fig. 2), School 
of Energy and Environment, 
Thapar University, Patiala, Punjab 
for the paper on ‘Synthesis and 
Characterisation of Composite 
Electrolyte Material for Interme-
diate Temperature Solid Oxide Fuel 
Cell’. Co-authored by A Ahuja and A 
Venkatasubramanian of the same 
institute, and, J Sharma, A Sinha 
and P K Sinha of Powder Metallurgy 
Division Bhabha Atomic Research 
Centre, Mumbai, the paper discussed 
novel composite electrolyte materials 
based on gadolinium doped ceria 
and gadolinium doped strontium 
cerate. The composite powders were 
synthesised through glycine- nitrate 
auto-combustion route that provided 
the desired phase on combustion.

Guiding Hand Faculty Award 
This award is presented to the 
principal lecturer of the winner 
of the Grand Student Award. This 
year’s award was shared by both  
supervisors, Dr Amit Sinha, BARC, 

and A. Venkatasubramanian, Thapar 
University. 

G S Tendolkar Award
The late Prof. G. S. Tendolkar Award 
was given to Ankit Goyal of the 
Department of Metallurgical and 
Materials Engineering, Malaviya 
National Institute of Technology, 
Jaipur, for his paper on ‘Bandgap 
Engineering in Nano-crystalline 
Silicon Powder by Mechanical 
Alloying’. 

Young Professional Award
The PMAI Young Professional Award 
at this years event was presented 
to Dr. Vikram V. Dabhade, Asst. 
Professor, IIT Roorkee.

www.pmai.in    

This short overview of PM-17 is 
based on a report by Professor 
Ramamohan Tallapragada. The full 
report is to be made available on 
the PM Review website.

Fig. 2 Manoj Gautam recieved the 
Grand PMAI Student Award
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Sumitomo Electric Industries (SEI) 
began its Powder Metallurgy busi-
ness in Osaka, Japan, in 1928, with 
the development of hardmetal wire 
drawing dies for the company’s core 
business of electric wire production. 
In 1939, PM technology was used 
to make sintered bronze bearings 
and by 1941 the company’s newly 
constructed Itami plant was ready to 
begin production of hardmetals as 
well as various other PM products. It 
wasn’t until 1948 that the commercial 
production and sale of sintered parts 
began at SEI, with the company later 
expanding its business to include 
PM structural components, synthetic 
diamond and CBN, tungsten heavy 
metals, electric contacts, heat sink 
materials and various engineering 
ceramics. 

In 1972, SEI established Okayama 
Sumiden Seimitsu Company (OSS) to 
expand production under its Sintered 
Metal Parts Division. Located in 
a rural area of Japan’s Okayama 

prefecture (Fig. 1), this region has 
historical significance for Sumi-
tomo, as it was here that one of the 
largest copper mines founded by 
the Sumitomo family was originally 
located. Dating back to 1590, the 
mining and smelting of copper was 

the origin of the Sumitomo Group. 
The Okayama mine closed in 1972, 
following a rich history that began 
in 1681.

Sumitomo’s Sintered Metal Parts 
Division separated from the Powder 
Metal Products Division in 1989 and 

Sumitomo Electric Industries

Japan’s Sumitomo Electric Industries has been at the forefront of innovation 
within the Powder Metallurgy industry for many years. Through active 
research and development and the implementation of advanced automation 
processes the company is now the second largest manufacturer of PM 
parts in the world. Visiting Sumitomo’s Okayama facility on behalf of 
PM Review, Dr Yoshinobu Takeda provides an overview of the company’s 
key achievements and highlights a number of successful PM product 
developments.   

Sumitomo Electric Industries: 
Innovation and automation 
drive success in PM 
component manufacturing

Fig. 1 Sumitomo Electric Sintered Alloy’s Okayama facility
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Product ranges

SEI produces a wide range of PM 
products, mostly for automotive 
and HVAC (Heating, Ventilation 
and Air Conditioning) applications. 
Currently, the company’s global 
production is over 80,000 t/year, 
making it the second largest PM 
parts manufacturer in the world.

According to the company [2] 
it produces three key grades of 
structural sintered steels: Medium 
Density (M) (Fig. 2), High Density 
(D/DM) (Fig. 3) and High Tempera-
ture Sintered and High Strength 
(H/HM) (Fig. 4). 

Along with these are listed 
an FMC series wear resistant 
material grade and LS series in 
stainless steel, FMCM series of 
SMC (Soft Magnetic Composite) 
materials and an FM sintered 
soft magnetic materials grade. 
A unique range of wrought PM 
aluminium alloys, made using the 
powder extrusion process, is also 
available and is known as SUMI 
ALTOUGH.

Fig. 2 Examples of SEI’s medium density grade Powder Metallurgy components

OSS was later renamed Sumitomo 
Electric Sintered Alloy Ltd (SESA) 
in 2003. 

Over the years a number of joint 
ventures have been established, 
beginning with the creation of Korea 
Sintered Metal Co. Ltd (KSM) with 
Korea Jungsok Co. Ltd in 1987, and 

Engineered Sintered Components 
Co. (ESC) with Eaton Corporation, 
USA, in 1989. Precision Sintered 
Products (Wuxi) Co. Ltd. (PSP) was 
a joint venture with Fine Sinter 
Co. Ltd in China in 2004 and in 
Indonesia, PT Sumiden Sintered 
Components Indonesia (SSI) with 
the WLK Group and Santini Group 
in 2012. The company is the major 
shareholder of its joint ventures in 
the USA and Indonesia. 

The establishment of the 
group’s first wholly owned overseas 
facilities began with its Malaysian 
plant, Sumitomo Electric Sintered 
Components Malaysia (SESC), in 
1989. A Chinese plant, Sumiden 
Powder Metallurgy (Wuxi) Co Ltd. 
(SPW), followed in 1995 and a Thai 

plant, Sumitomo Electric Sintered 
Components Thailand (SEST), 
in 1996. In Europe, the company 
opened a German plant, Sumitomo 
Electric Sintered Components 
(Germany) GmbH (SESG) in 2007, 
and in South America, Sumitomo 
Electric Sintered Components 
Mexico SA de CV (SEMX) was 
established in 2014. In 2016, SEI 
acquired Keystone Powder Metal 
Company in the USA. 

“the company’s global production is over 
80,000 t/year, making it the second largest 

PM parts manufacturer in the world...”

Sumitomo Electric Industries

Technical developments 
and innovations

Over the years, SEI has published 
numerous papers and applied for 
patents describing the technical 
advancements and on-going develop-
ment of its sintering processes and 
production equipment. 

Sintering
In the field of sintering a number of 
processes have been developed at SEI 
including high temperature (1300°C) 
pure nitrogen sintering [3], high-
capacity vacuum sintering [4] and 
sinter-hardening [5]. Among these, 
the latest is the bainitic/martensitic 
sinter-hardening (SH) method. This 
new process is based on the well-
known principle of SH with the use 
of a roller hearth furnace. Typically, 
sinter-hardening is used to produce 
a martensitic phase which is very 
strong and hard. However, in order 
to achieve a strong finish that is not 
too hard to apply a sizing operation 
or finish machining operation to, 
the furnace has the ability to choose 

Fig. 3 SEI’s high density grade components are used in numerous applications  

Fig. 4 High temperature sintered and high strength steels 

either martensite or bainite during 
its operation, thus ensuring high 
productivity. Fig. 5 shows a schematic 
explanation of the furnace described 
in this patent [6]. 

SEI’s high-strength materials 
are often sintered using proprietary 
high-temperature sintering tech-

nology, and high strength synchro-
nising hubs are good examples of 
this process [7]. A good example of a 
high-temperature sintered product 
is a component for a four wheel drive 
ball-cam mechanism [8]. Distaloy 
AE with 0.4% graphite is sintered at 
1300°C for two hours. Maintaining 
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stress reduction being one of the key 
factors in its design.

In addition to providing a weight 
saving, SEI’s design can withstand 
the high torque generated during 
high speed driving thanks to the 
sinter-brazing of the columns. This 
development has led to implementa-
tion of a sinter-brazed carrier in a 
high torque application which was 
conventionally difficult to achieve. The 
product has been adopted in a four 
wheel drive system used in hybrid 
vehicles.

As inspection of the brazed 
interface is required, an acoustic 
resonance method is used in-line for 
100% inspection of all the company’s 
sinter-brazed components. 

Compaction technology
Multi-level compaction technology, 
utilising a tool adaptor system devel-
oped by Sumitomo, was used long 
before the introduction of modern 
CNC compaction presses. 

Today, CNC presses are widely 
used in all of the company’s facilities. 
One such component manufactured 
using this multi-level compaction 
process is the turbine hub used in 
a torque converter for automatic 
transmissions shown in Fig. 7. 
Due to the need for high strength, 
and often having large compli-
cated shapes, forging has been the 
preferred method for manufacturing 
these components. However, SEI 
has developed this sintered turbine 
hub, making use of its advanced CNC 
compacting technology and sizing 
techniques, that resulted in a lower 
cost alternative to that produced by 
the traditional forging process. The 
complex shape incorporates a large, 
thin, flange with 24 rivet holes and 
inner spline with step. SEI received a 
JPMA Award in 2012 for the develop-
ment of this innovative component. 

Post-processing
As the need for more complicated PM 
components with close dimensional 
tolerances grows, heat treatment 
processes become an increasingly 
important technology to help mini-
mise final machining operations such 
as hard machining or grinding. 

Fig. 5 Schematic of the roller hearth sinter-hardening furnace

Fig. 6 This Sinter-brazed planetary carrier, in which individual columns 
are joined to the main body of the carrier to overcome strength limitations, 
received a JPMA Award in 2015

acceptable dimensional tolerance 
and good carbon control in such 
a high temperature sintering in a 
pure nitrogen atmosphere has been 
successfully undertaken at SEI 
since the late 1980s.

Sinter brazing
The company has been one of the 
pioneers in sinter brazing since 
the late 1970s. SEI has used this 
process in numerous designs and 

was recognised for its successful 
development of a sinter brazed 
planetary carrier in 2015, receiving 
the prestigious Japan Powder 
Metallurgy Association (JPMA) 
Powder Metallurgy Award. Shown 
in Fig. 6, the component is used in 
a planetary gear mechanism and 
was designed to transfer rota-
tion from motor to rear wheel. 
The planetary carrier had to meet 
weight saving requirements, with 

Sumitomo Electric Industries

The optimisation of the oil 
quenching process is one area that 
has been studied at SEI to improve 
the quenching distortion that can 
be present in complex shapes. The 
results of some of this work were 
presented in 2011 [8] and demon-
strated that the optimum conditions 
for oil quenching could be achieved 
through control of the agitation fan 
speed and careful selection of the 
quenching oil with an appropriate 
H-value (severity of quench). The 
published work was used to optimise 
the quenching of a number of PM 
components used in a four wheel 
drive vehicles.  

The process of induction hard-
ening of selective areas of a compo-
nent, such as the groove of a Variable 
Valve Timing (VVT) rotor and the 
lock pin hole of a VVT sprocket, has 
also been developed by SEI and 
received a JPMA Award in 2011 [9]. 
In this project, the selective induc-
tion hardening process resulted in 
the component meeting the wear 
resistance properties required for 
the locked-pin hole of the rotor and 
housing-sprocket. The steel bush, 
normally press-fitted into this hole 
in conventional units, could there-
fore be omitted. It was also possible 

Fig. 7 This turbine hub, used for a torque converter in an automatic transmission, highlights SEI’s advanced CNC 
compacting capabilities

Fig. 8 Laser heat treated synchronising hub for use in a dual clutch 
transmission

to eliminate the sizing of the inner 
plate by optimisation of the sintering 
process using special jigs (ceramic 
plates). In addition, the geometri-
cally complex oil groove on the end 
face of the rotor was formed by net 
shape compacting and helped to 
reduce the total number of parts in 
the locking mechanism. As a result, 
highly responsive VVT components 
were produced at a lower cost than 
competing technologies.

SEI has successfully applied its 
advanced laser quenching process 
to a synchroniser hub used in a new 
seven and eight speed Dual Clutch 
Transmission (DCT), receiving a 
JPMA Award in 2014 (Fig. 8) [10]. The 
project required SEI to develop an 
Fe-Cr alloy material and optimised 
sintering process in order to achieve 
superior hardenability. The laser 
quenching operation was applied to 
achieve local, selective hardening.

Sumitomo Electric Industries
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of its parent company’s Information 
System Division and Production Engi-
neering Department. 
 
Machining
Many PM components require 
machine finishing, due to either 
tight tolerances or the limitations of 
axial compaction. The cost of these 
additional processes can form quite 
a large portion of the total produc-
tion cost. Therefore, the reduction of 
machining costs is a key considera-
tion. Traditionally these processes 
would be outsourced to machine 
shops, but in 2001 SEI acquired a 
machining company and integrated 
machining into its own production 
lines. An alternative approach has 
been adopted by ESC, the company’s 
joint venture in USA, which in 2002 
established its own joint venture with 
Akita Atsumi Kogyo Co. Ltd, to form 
ESC Atsumi Tech, for the machining 
of VVT components.

Green machining is another way 
to reduce machining costs, but has 
not been widely used due to issues 
with chipping in the exit of drilled 
holes and hidden cracks. A specially 
designed drilling tool was invented at 
SEI [14] which has reduced the chip-
ping size from 1 mm down to 0.3 mm. 
Using this new process, a production 
line with a single chuck setup was 
used to drill nine to ten holes, with 
two internal grooves, for making VVT 
rotors [15]. 

Soft magnetic materials
Soft magnetic materials, particu-
larly Soft Magnetic Composites 
(SMC), have been actively developed 
and commercialised at SEI (Fig. 9). 
Successful components range from 
the injector core for diesel common 
rail systems and pure iron reactor 
cores to the company’s latest JPMA 
Award winning ignition core [16]. 

SEI’s soft magnetic composite 
core is used in a rectangular-shaped 
ignition coil and possesses supe-
rior ignitable stability, resulting in 
high ignition energy output (Fig. 10). 
Due to increasing environmental 
concerns and the significant focus 
on fuel economy in the automotive 
market, there is a growing demand 

Table 1 Comparison of tooth profile designs of oil pump

In this project the dimensional 
accuracy, after the sintering process, 
was improved by using the Fe-Cr 
alloy and by reducing the sintering 
time to one third of that normally 
used with an Fe-Ni alloy. By control-
ling sintering conditions, such as 
the cooling rate, a fully bainitic 
structure could be produced. The 
laser quenching concentrated 
energy on the surface, generating a 
very shallow quenching layer with a 
hardened depth of around 0.5 mm, 
thereby reducing thermal influ-
ences on the product dimensions.  
As a result, dimensional change 
was reduced by half compared with 
induction hardening and the required 
accuracy was achieved. A further 
benefit of laser quenching is its 
ability to achieve the required cooling 
rate without coolants or oil, due to 
the shallow quenching layer

Another heat treatment tech-
nology developed to maintain a 
high dimensional tolerance is the 
Marquench sizing process, which is 
similar to the press quench process 
used in the wrought steel product. A 
high pressure trochoidal pump was 
made by this fully automated process, 
and also received a JPMA award [11]. 
The design of the trochoidal oil pump 
rotor system is a good example of 
how the company is adding value to 
its products. Since the 1980s, the 
curve design of this pump has been 
updated to improve efficiency, loss 

and noise. Parachoid, Megafloid, 
Geocloid and Parachoid EX, with low 
noise utilising both theoretical and 
experimental methods are shown in 
Table 1, highlighting the size reduc-
tion of these designs [12]. 

Plant design
Innovative plant design and engi-
neering has also been key to the 
success of SEI, with the company first 
revealing its fully automated produc-
tion line at the World PM Congress 
in 1990. This was said to be the first 
fully automated PM production line 
in the world, with multiple compac-
tion presses, sintering furnaces 
and sizing presses. Innovation in 
plant design is continuing, and in 
September 2016 the company’s 
latest plant, No. 6, was installed 
at SESA [13]. With a capacity of 
130 t/ month, the plant is designed 
with state-of-the-art automation 
and is built around the concept of 
the Internet of Things (IoT). Every 
PM compact is laser marked with a 
two-dimensional ID code and each 
transferring tray, which carries one 
compact, is embedded with an IC tag. 
This enables the one-flow-production 
and perfect traceability, supported 
with big data storage of more than 
ten different process conditions such 
as press operation, details of every 
stroke, status condition of sintering 
furnace and so on. For this instal-
lation, SEI exploited the expertise 

Sumitomo Electric Industries
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Rotor profile

Outside diameter 
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Ø 54.6 mm 
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Ø 52 mm
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Ø 52 mm
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4.6 mm
(100)

4.8 mm
(105)

5.5 mm
(120)

4.8 mm
(105)

Theoretical 
displacement

3 cm3/rev

Overall
length

5.5 mm

for engines with higher thermal 
efficiency and lower emissions. 
Technologies such as direct-injec-
tion lean burn and EGR (Exhaust Gas 
Recirculation) are being more widely 
adopted, due to their improvement 
of thermal efficiency and suppres-
sion of nitrous oxide formation. 

In this component, an improved 
volumetric efficiency was achieved 
via a circular re-design of its cross-
sectional shape, taking advantage 
of the shape flexibility of the soft 
magnetic composite core. This 
type of circular design is difficult 
to achieve using conventional 
electromagnetic steel sheet. The 
ignition core is produced in a fully 
automated production line that 
includes compaction, removal of 
burr at the edge, heat treatment, 
automated visual inspection and 
packaging. 

Historically, the hard magnet 
sector was served by Sumitomo 
Special Metals, which was merged 
into Hitachi Metals in 2007. However, 
according to a published paper 
[17], SEI has developed a high-
thermostability Nd-Fe-B magnet 
formed by a binderless net shaping Fig. 10 Soft Magnetic Composite ignition core

process. Although resin-bonded 
Nd-Fe-B magnets are known for 
their good formability, they lack 
durability due to the poor heat 
resistance of resin. To overcome 
this challenge, SEI has developed 
a new process that enables the 
net-shaping of complex geometries 
and eliminates the need for a binder 

such as resin. The resin-free bonded 
Nd-Fe-B magnet has a high heat 
resistance. 

Results suggest that the newly 
developed magnet will meet the 
complex-shape requirements of 
magnetic circuit design, enabling a 
reduction in the size, weight and cost 
of electric motors.

Fig. 9 SEI manufactures a range of magnetic components

Sumitomo Electric Industries
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Inter-divisional 
cooperation improves 
research and development

SEI’s corporate laboratory 
focuses on advanced materials 
and processes, and works closely 
with the R&D laboratory at SESA. 
In 2013, SESA established a 
Powder Metallurgy Engineering 
Centre (PMEC) with an impressive 
technical show room and well-
equipped performance testing 
laboratory to service its global 
development (Fig. 11). A good 
inter-divisional cooperation exists 
between the corporate laboratories, 
which deal with various inorganic, 
organic and electronic materials, 
advanced automotive system and 
other systems. Often, the transition 
of new products and technologies 
from the laboratory to the 
production line can be problematic; 
however, at SEI this transition is 
eased by the company’s flexible 
approach and bidirectional 
allocation of engineers. 

Analysis of recently submitted 
patents illustrates the current 
topics and trends in research and 
development at SEI (Fig. 12). As 
the figure shows, patents related 
to magnetic materials have been 
the main area of activity, peaking 

in 2014. Those relating to process 
have steadily increased and 
accounted for the majority of patent 
applications in 2016. Over the last 
ten years SEI has submitted an 
average of over forty patents per 
year, highlighting the company’s 
pro-patent strategy.

Driving growth with 
continued investment

SEI is the second largest PM parts 
manufacturer in the world. A rich 
history of investment, both domestic 
and global, has helped to achieve 
this position and clearly indicates 
a desire for continued growth and 
improved profitability. Members of 
the company’s senior management 
team have stated that their goal is 
to be the global number one.

As can be seen in Fig. 13, when 
referring to the tonnage of Powder 
Metallurgy parts produced per 
month, much of the company’s 
recent growth has been the result 
of its overseas operations. Today, 
domestic production is only around 
one third of the company’s total 
output and over the last ten years 
has remained relatively flat, whilst 
output from overseas operations 
continues to increase. 

So what has made SEI’s Powder 
Metallurgy business so successful? 
Domestically, many Japanese 
competitors offer slightly different 
product lines compared to SEI. 
These include PM components 
such as bearings, valve seat inserts 
and valve guides which have been 
heavily dependent on Japan’s 
automotive sector. Perhaps SEI’s 
success in the cost reduction of VVT 
component production and technical 
achievements in high strength and 
highly complex components could 
also be the reason. The advanced 
automation and development of 
production processes and plant could 
be another reason, although the 
development of innovative streamlined 
product lines and excellent in-house 
maintenance capability are of course 
not unknown to SEI’s competitors. 

Clearly, there are many reasons 
that can be cited and achieving 
success can be down to any number of 
these. However, being part of a large 
organisation and having a good return 
from existing business has undoubt-
edly helped. This makes it possible for 
the company to invest in R&D, develop 
innovative streamlining systems and 
add highly automated production lines, 
thus reducing manufacturing costs 
further, creating an even better return 
and allowing even more investment.   

Fig. 11 The company’s new Powder Metallurgy Engineering Centre

Sumitomo Electric Industries

New applications and 
growth in global markets 

PM transmission gears are one of the 
applications that have been identified 
by senior management as offering 
huge potential for future growth. 
SEI has already introduced its latest 
helical gear die set in Europe, and 
has initiated an active development 
programme based on its experience 
of very high precision gears. 

Continued growth in automotive 
markets is also a key goal for SEI. 
The Japanese automotive industry 
has around 30% global market share 
and in order to expand its business 
further SEI needs to gain access to 
more overseas automotive industries, 
particularly in North America, Europe, 
China and India. 

As the company expands into new 
regions, maintaining good manage-
ment of the globalised business 
becomes extremely important. 
Relevant human resources and 
continuous education programmes 
are key to the growth and success of 
SEI’s business in these regions.   

At the end of my visit, Mr T 
Hayashi, CEO of SESA and Execu-
tive Managing Director of SEI, talked 
about the future quite positively and 
somewhat mysteriously, “We have 
really innovative new technology and 
products under development to make 
the PM world substantially bigger,“ he 
stated. Given the history of innovation 
at SEI, it will be exciting to see how 
this statement transpires.     
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Fig. 12 Patents submitted by SESA between 2007 and 2016
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The increasing adoption of advanced 
metal powder based manufacturing 
processes means that the impor-
tance of comprehensive powder 
characterisation is growing as 
industry attempts to address the 
challenges introduced by handling 
powders. More than fifty years since 
the advent of shear cell testing 
- and even longer since the use 
of traditional techniques such as 
Carr’s Index and angle of repose - 
powder related issues such as batch 
variability, storage and transport 
problems and inconsistent behaviour 
continue to cause complications in 
manufacturing processes.

This article introduces dynamic 
powder characterisation, which 
quantifies the flow properties of 
consolidated, conditioned, aerated 
and even fluidised powders, and 
examines the benefits of imple-
menting such an approach to better 
understand the behaviour observed 
in manufacturing processes. A case 
study is also presented, demon-
strating how this multivariate powder 
testing strategy can be applied to 
optimise filling performance.

Understanding the 
complexity of powder

Powders play an important role in 
the production of many products, 
either as an integral part of the 
manufacturing process or as the final 
product, packaged for the consumer. 
However, they are widely acknowl-

edged to be challenging to handle 
and are known for their unpredicta-
bility and variability. A comprehensive 
understanding of powder character-
istics is therefore vital to optimise 
handling and processing in order to 
enhance quality and productivity.

Identifying powders with optimal 
flow characteristics ensures that 

Dynamic powder characterisation

Freeman Technology: 
Optimising metal powder 
characterisation with dynamic 
powder testing

Fig. 1 A comprehensive understanding of powder characteristics is vital to 
optimise handling and processing in order to enhance quality and productivity  

Understanding the behaviour of metal powders throughout the 
Powder Metallurgy process is essential for the production of high 
quality components. In this article, Freeman Technology’s Operations 
Director, Jamie Clayton, presents an overview of the main powder 
characterisation processes used in industry and makes the case for 
the company’s dynamic powder testing technology.
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they will not only process smoothly 
through the various stages of a 
plant’s operations, thereby maxim-
ising throughput, but will also 
perform well in the final application; 
for example, efficiently filling a die 
to achieve high-quality products 
with the required physical attributes.

For a powder to flow, particles 
within in it must be able to move 
relative to one another. The ease 
with which this happens is influ-
enced by many factors, including 
cohesion, adhesion, mechanical 
interlocking and friction. For 
instance, it is easy to understand 
how differences in surface texture 
might influence the level of fric-
tion between individual particles. 
Also, compared with smooth, 
spherical particles, irregularly 
shaped particles are more likely 
to mechanically interlock with one 
another and resist movement. Van 
der Waals forces, electrostatics, and 
possibly magnetics, amongst other 
factors, will influence cohesivity 
(the strength with which particles 
bond with one another), while the 
interaction between the particles 
and, for example, process equip-
ment surfaces, as well as from 
liquid bridges between particles, will 
influence adhesivity.

The pragmatic approach is to 
ensure that any powder testing 
techniques employed can detect the 
influence of these phenomena while 
subjecting the powder to conditions 
that are relevant to the process in 
question.

 

Traditional powder 
characterisation techniques

The use of inexpensive equipment to 
test quickly how well a powder will 
flow is widespread in a diverse range 
of manufacturing environments. 
Common examples include:

Hall flow meter
Flow through an orifice uses manual 
or automated techniques to measure 
if, and how quickly, a powder will flow 
through an outlet of a particular size 

Angle of repose
Angle of repose is the angle of 
the slope of the cone formed 
when powder is poured onto a 
horizontal surface. It correlates 
with the strength of particle-particle 
interactions, typically, the greater 
the angle the less free-flowing the 
powder 

Tapped density
Tapped density measures the 
relative change in bulk density 
when a sample of powder is 
subjected to tapping. Results are 
typically expressed in the form 
of a ratio of tapped to untapped 
density – Hausner Ratio or Carr’s 
Compressibility Index (CCI) – with 
free-flowing powders typically 
yielding lower values.

Although these tests are quick and 
intuitive, with minimal experience 
required, the manual nature of 
the techniques contributes to poor 

levels of repeatability and high levels 
of operator-to-operator variability. 
Moreover, these methods tend to 
be very insensitive and are often 
unable to identify subtle differences 
in powders that may impact 
performance. The results of the 
different techniques are not directly 
comparable, and it is increasingly 
recognised that these methods do 
not simulate the conditions found in 
various unit operations, meaning that 
the data generated are not always 
relevant. Furthermore, all three tests 
- and others like them - attempt to 
describe powder behaviour with a 
single number which the case study 
presented here shows is insufficient.

Shear cell analysis

The introduction of biaxial shear 
testing more than fifty years ago 
made it possible to quantify reli-
ably how easily a previously at rest, 
consolidated powder starts to flow. 
Compared with traditional tech-
niques, shear cell testing enabled 
tighter control of the test conditions 
and could be used to measure and 
compare the flow of powders under 
moderate to high stress regimes, 
such as those present during 
storage and in some manufacturing 
processes. The method has become 
well established for providing insights 
into hopper behaviour and design.

The procedure measures the force 
required to shear a consolidated 
plane of powder relative to another. 
This ‘shear stress’ is measured at 

Fig. 2 Dynamic powder testing measures the motion of powders in conditions that simulate process environments
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Dynamic powder characterisation

a range of applied normal stress 
levels, i.e. the stress applied to 
consolidate the powder sample, and 
a yield locus can be constructed from 
the resultant data. Parameters such 
as Unconfined Yield Strength (UYS), 
Major Principal Stress (MPS) and 
Flow Function (FF or ffc) may then 
be determined by applying Mohr’s 
circle analysis. Testing is not rapid, 
with measurement times typically 
in the region of twenty minutes, and 
the technique is less applicable to 
processes where powders are only 
subjected to low stress conditions, 
particularly in cases where they may 
be aerated. A further limitation of 
biaxial testing is the application of a 
mathematical model to derive vital 
parameters such as UYS and FF. 
This can result in these parameters 
being over- or under-reported (or not 
derived at all) and may lead to incor-
rect specifications being defined for 
hoppers or other process equipment.

In general, data resulting from 
shear cell analysis can lack rele-
vance to many industrial processes. 
The investigations presented here 
also demonstrate that the method 
is less suited to more free-flowing 
materials with low cohesive strength, 
which metal powders typically are.

Dynamic powder testing

Arguably the most important powder 
testing breakthrough with proven 
industrial merit, dynamic powder 
testing has the intrinsic appeal of 
evaluating powders in motion under 
conditions that simulate the varying 
stress and flow regimes that exist 
within process environments. Data 
from dynamic testing can therefore 
deliver information on how powders 
respond to different conditions, 
providing a valuable insight into 
in-process behaviour. 

Dynamic powder testing directly 
measures the flow properties of 
consolidated, conditioned, aerated 
and even fluidised powders, directly 
quantifying the impact of air on a 
powder and how flow changes as air 
is entrained and released. Further-
more, dynamic testing provides 
sufficient sensitivity to identify and 

quantify minor differences between 
similar powders. The testing involves 
generating values of flow energy 
from measurements of the axial and 
rotational forces acting on an impeller 
as it rotates along a defined path 
through a powder sample (Fig. 2). 
Rotating the blade downwards pushes 
the powder against the base of the test 
vessel, applying a compacting force, 
while an upward traverse produces 
a low stress, lifting action, enabling 
the resistance to both confined and 
unconfined flow to be quantified. The 
values generated, Basic Flowability 
Energy (BFE) and Specific Energy (SE) 
respectively, directly quantify how 
easily the powder flows under different 
conditions and have been shown to 
reliably correlate with process perfor-
mance. The technique also allows the 
effect of variables such as moisture 
content, storage time, electrostatic 
charge and flow (or shear) rate to be 
assessed. With a proven capability for 
delivering process-relevant informa-

tion, it complements shear and bulk 
property measurements, providing a 
unique insight into powder behaviour 
that can be used to engineer products 
towards optimal quality.

The unique insight provided 
by dynamic testing

Three feedstock powders with the 
same D50 and PSD (two from the 
same supplier made using different 
manufacturing methods and one 
from a second supplier made using 
one of the methods) were evalu-
ated using a Freeman Technology 
FT4 Powder Rheometer® to evaluate 
whether different suppliers or manu-
facturing methods had any influence 
on process performance. 

Shear cell tests (Fig. 3, top) identi-
fied differences caused by the change 
in manufacturing method, with 
Method 1 generating lower Shear 
Stress values than Method 2, demon-

Fig. 3 Shear cell test differentiates between manufacturing methods while 
dynamic testing also highlights clear differences between different suppliers 
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strating the impact of variables that 
are potentially outside a customer’s 
control and highlighting the need for 
detailed evaluation of raw materials. 
However, the samples produced by 
two different suppliers using the 
same method were categorised as 
identical by the shear cell tests. 

Dynamic tests (Fig. 3, bottom) 
emphasised the variation caused 
by the change in manufacturing 
method, but also identified differ-
ences between the samples from 
the two suppliers. The sample from 
Supplier 1 generates lower BFE and 

SE values than the sample from 
Supplier 2, indicating less resistance 
to flow in low stress, dynamic condi-
tions, prevalent in processes such as 
filling and layering. This clear varia-
tion suggests that changing suppliers 
could have a significant influence on 
process performance. 

This simple comparison high-
lights the importance of applying a 
multivariate approach to define a 
robust specification for powders that 
are intended for a given application. 
Furthermore, this approach can be 
implemented to identify the variables 

that define optimal performance in 
a specific unit operation, as demon-
strated by the following case study.

Case study: Die filling 
performance

A lab-scale die-filling rig, designed 
to simulate a commercial operation, 
was used to investigate the filling 
performance of tungsten (Dv50 4 µm, 
angular shape) and aluminium (Dv50 
134 µm, irregular shape) powders 
by determining the mass of powder 
transferred into the die after one 
pass of the shoe. The stationary 
cylindrical die had a volume of 10 ml 
and diameter of 25 mm and a motor-
ised powder-filled shoe traversed the 
die surface at a controlled velocity 
between 50 and 300 mm/s. The filling 
ratio for each powder (the ratio of 
actual mass of powder in the die to a 
mass calculated from die volume and 
bulk density) was measured three 
times at each shoe speed, using a 
fresh sample of powder each time.

The results show that the 
aluminium powder exhibits better 
performance at all shoe speeds. 
The tungsten can be successfully 
processed, but only at a low shoe 
speed, which equates to a produc-
tivity constraint (Fig. 4). 

The impact of the initial packing 
state of the two powders was also 
investigated using compacted and 
aerated feeds. Consolidated powders 
are less likely to flow freely under 
gravity, due to the closer particle 
packing structure and increased 
particle interaction that results 
from the removal of entrained air. 
Conversely, aerated powders tend 
to flow more readily. The compacted 
feed was produced by tapping a 
sample of each powder twenty times, 
while a lightly aerated state was 
reached by passing air through the 
samples at a controlled flow rate 
immediately before loading the shoe.

Aeration was found to improve 
the filling ratio of aluminium, while 
compaction caused only a small 
reduction in process efficiency. With 
tungsten, the effect of compac-
tion is more dramatic, but aeration 
has negligible impact (Fig. 5). Both 

Fig. 4 At any given shoe speed, the aluminium powder exhibits better 
performance than the tungsten, as evidenced by the recorded filling ratios 

Table 1 Contrasting the properties of aluminium and tungsten powders
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Measurements: Aluminium Tungsten

Conditioned Bulk Density, CBD (g/ml) 1.24 4.17

Basic Flowability Energy, BFE (mJ) 3300 5964

Specific Energy, SE (mJ/g) 4.4 6.7

Aeration Ratio, AR 172 26

Compressibility at 15 kPa (%) 3.5 11.1

Pressure Drop across the powder bed at 2 mm/s 
air velocity, PD15 (mbar)

1.4 15.3

Consolidation Index, CI20Taps - factor by which BFE 
increases after tapping

1.43 2.32

Hausner ratio 1.08 1.19

Shear Stress, τ2 (kPa) 1.57 1.64

Unconfined Yield Strength (kPa) 0.45 1.09

Cohesion, Co (kPa) 0.120 0.297

Flow Function, FF 11.6 5.5

Dynamic powder characterisation

powders were characterised using an 
FT4 Powder Rheometer® to deter-
mine a rationale for the observed 
behaviours (Table 1).

BFE and SE both indicate that 
the tungsten exhibits significantly 
greater resistance to flow than the 
aluminium, whereas the measured 
shear stress values provide little 
differentiation between the two. The 
values of cohesion and unconfined 
yield strength suggest that analysis 
of the shear cell data identifies differ-
ences between the two materials. 
However, the fact that the measured 
shear stress values are comparable 
demonstrates that variability can 
be introduced by the mathematical 
model used in the analysis technique 
itself, highlighting a fundamental 
limitation in extrapolating data from 
high stress test conditions to predict 
performance in low stress opera-
tions.

Understanding the impact of 
packing state focuses further atten-
tion on dynamic properties. Aera-
tion Ratio (AR), the ratio of BFE to 
aerated flow energy, is far higher 
for aluminium than for tungsten, 
while the Consolidation Index (CI) is 
lower. This suggests that the lower 
resistance to flow exhibited by the 
aluminium is reduced even further 
by the introduction of air and that 
consolidation does not significantly 
affect its flow properties. In contrast, 
the already high flow energy of 
tungsten increases considerably with 
consolidation. Both results correlate 
with the experimental observations. 
Interestingly, Hausner ratio does not 
show the same stark difference with 
respect to consolidation, as it is less 
influenced by the restructuring of the 
particles, which occurs as a conse-
quence of vibration.

Coarser powders, such as the 
aluminium, typically exhibit weaker 
inter-particular bonding and are 
therefore more sensitive to the 
passage of air than fine, cohesive 
powders, such as the tungsten. This 
means that particles can be indi-
vidually separated by the passage 
of air ultimately fluidising the bed 
and causing a dramatic reduction in 
flow energy. In addition, the greater 

Fig. 5 Aeration and compaction both impact the performance of aluminium 
powder. In contrast, the tungsten performs poorly when compacted but is 
relatively unaffected by aeration 
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Dynamic powder characterisation

permeability of aluminium allows the 
rapid release of air once the powder 
is in the die, further enhancing effi-
ciency in the filling process.

Conclusion

For metal powder processors, it is 
essential to understand the behav-
iour of powder throughout the entire 
production process in order to 
optimise unit operations and produce 
parts of the necessary quality. There 
are many powder testing techniques 
available, but few that provide the 
broad range of information neces-
sary to comprehensively understand 
powder behaviour across the diverse 
range of operations and processes 
employed in industry. 

Dynamic powder testing is a 
proven technique for process-related 
powder characterisation and, when 

used in combination with shear and 
bulk property testing, provides a 
secure basis for a highly informative 
powder testing strategy. The case 
study presented here illustrates 
the application of this multivariate 
approach and demonstrates the 
insight it can provide for those devel-
oping and handling metal powders to 
deliver optimal performance.

Contact

Jamie Clayton, 
Operations Director 
Freeman Technology Ltd 
Tewkesbury, Gloucestershire 
GL20 8DN, 
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Tel: +44 (0)1684 851 551
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Every year since 1965, the Metal 
Powder Industries Federation (MPIF) 
has sponsored an awards competi-
tion in which parts makers, among 
its member companies, are invited 
to submit components that demon-
strate the inherent possibilities of the 
Powder Metallurgy process. A panel 
of industry judges evaluates the 
entries according to a stringent set of 
criteria and awards Grand Prizes and 
Awards of Distinction. 

This year’s award winning parts 
were said to represent outstanding 
examples of Powder Metallurgy’s 
diversity, highlighting how component 
makers and designers use the flex-
ibility of the process to push forward 
new concepts and applications. The 
awards show how PM is continuing 
to be chosen for critical applications 
such as auto engines and transmis-
sions, medical devices, consumer 
products, military applications, and 
more. 

The continuing growth in the Metal 
Injection Moulding (MIM) industry 
was again evident in this year’s 

The winners in the 2017 Powder Metallurgy Design Excellence 
Awards competition, sponsored by the Metal Powder Industries 
Federation, were announced during the POWDERMET2017 
International Conference on Powder Metallurgy and Particulate 
Materials, Las Vegas, USA, June 13-16, 2017. We present the ‘press 
and sinter’ PM components that received either Grand Prizes or 
Awards of Distinction.

Outstanding examples of 
PM’s diversity recognised 
in the MPIF’s 2017 Design 
Excellence Awards

Fig. 1 This sinter-brazed copper-steel assembly, manufactured by GKN Sinter 
Metals, is used in the new ten-speed transmission found in Ford’s F-150 
pickup truck (Courtesy MPIF)
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awards, reflected in the large number 
of prizes presented to this sector. 
Full details of the MIM award winning 
components can be found in our 
sister publication, PIM International 
(Vol. 11, No. 3).

Grand Prize Awards

Automotive-Transmission: 
GKN Sinter Metals
The Grand Prize in the Automotive-
Transmission Category was awarded 
to GKN Sinter Metals, Auburn Hills, 
Michigan, for a planetary carrier 
assembly made for Ford Motor 
Company (Fig. 1). The sinter-brazed 
copper-steel assembly, comprised of 
a cage and a flanged hub, goes into 
the new ten-speed transmission for 
the Ford F-150 pickup.

The finished carrier assembly 
requires only simple milling and 
turning operations to hold the tight 
tolerances on the bearing bores, 
pinion pin shaft holes and thrust 
faces. 
 
Automotive-Chassis: 
GKN Sinter Metals
The Grand Prize in the Automotive-
Chassis Category was also won by 
GKN Sinter Metals, Auburn Hills, 
Michigan, for a copper-steel output 
pulley made for Nidec Automo-
tive Motor Americas (Fig. 2). The 
part goes into an electric reclining 
mechanism in a minivan-rear-seat 
application. The part offers a high 
level of functionality in the small-
footprint mechanism and includes 
the groove for cable retention, the 
cam for radial movement and stops 
at both ends.
 
Hand Tools/Recreation: 
FMS Corporation
The Grand Prize in the Hand Tools/
Recreation Category went to FMS 
Corporation, Minneapolis, Minne-
sota, for a thirty-tooth drive sprocket 
fabricated from sinter-hardened steel 
with a proprietary machining addi-
tive, made for Polaris Industries, Inc 
(Fig. 3). The part goes into a motor-
cycle where it is driven by the output 
shaft of the transmission and in turn 
drives the rear wheel via a toothed 

Fig. 2 GKN Sinter Metals received an award for the copper-steel output pulley 
shown above. The part, made for Nidec Automotive Motor Americas, is used in 
an electric reclining mechanism in a rear seat (Courtesy MPIF)

Fig. 3 This thirty-tooth drive sprocket, fabricated from sinter-hardened 
steel with a proprietary machining additive, is made by FMS Corporation for 
Polaris Industries, Inc (Courtesy MPIF)

PM Design Excellence Awards 2017

pulley. Other than tapping, the part is 
formed completely net shape, which 
offered cost savings over the previ-
ously machined part.
 
Industrial Motors/Controls & 
Hydraulics: 
FMS Corporation
The Grand Prize in the Industrial 
Motors/Controls & Hydraulics 
Category was won by FMS Corpora-
tion, Minneapolis, Minnesota, for a 
stainless steel fitting (Fig. 4). The 
fitting provides a latching mecha-
nism to easily move a safety pin on a 
hydraulic lever up and out of the way. 
An innovative ramp design acts as 
a cam surface to move the pin from 
one position to the other.

Awards of distinction

Automotive-Transmission: 
Stackpole International
An Award of Distinction in the 
Automotive-Transmission Category 
was given to Stackpole International, 
Canada, for a sinter-brazed planetary 

Fig. 5 Stackpole International makes this sinter-brazed 
planetary carrier for ZF. The assembly is used in a new 
nine-speed automotive transmission (Courtesy MPIF)

Fig. 4 The Grand Prize in the Industrial Motors/Controls & Hydraulics 
Category was won by FMS Corporation for this stainless steel fitting 
(Courtesy MPIF)

Fig. 6 This oil pump drive sprocket for a Ford F-150 is 
made of prealloyed steel by Keystone Powdered Metal Co 
for Linamar Corporation (Courtesy MPIF)
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Fig. 8 The above copper steel duplex cam sprocket, made 
by NetShape Technologies, goes into the 4.4 litre diesel 
engine in Land Rover’s flagship vehicles (Courtesy MPIF)

Fig. 7 Burgess-Norton Mfg. Co. Inc. manufactures this 
sinter-hardened steel pocket plate for use in a multi- 
speed transmission’s controllable clutch (Courtesy MPIF)

Fig. 10 Capstan’s copper-steel clutch piston is used in an 
industrial power takeoff system, and is a relatively new 
development for PM pistons (Courtesy MPIF)

Fig. 9 This sinter-hardened steel pivot shift fork, made by 
FMS Corporation, is used in a shifting mechanism found in 
an all-terrain vehicle transmission (Courtesy MPIF)

PM Design Excellence Awards 2017

carrier made for ZF, Germany. The 
assembly, consisting of a guide 
plate and a spider, goes into a new 
nine-speed automotive transmis-
sion. The Powder Metallurgy design 
solution for a lightweight carrier is 
said to have met all the customer’s 
design and durability requirements.

Automotive-Transmission: 
Keystone Powdered Metal Co.
Another Award of Distinction in the 
Automotive-Transmission Category 
went to Keystone Powdered Metal 
Co., St. Marys, Pennsylvania, for 
an oil pump drive sprocket made 
of prealloyed steel and fabricated 
for Linamar Corporation, Canada 
(Fig. 6). The part is used in a new 
ten-speed automatic transmission 
that goes into the Ford F-150 truck. 

This component had to pass 
extensive durability testing, with 
particular emphasis on noise, vibra-
tion and harshness requirements, 
all of which are critical in today’s 
automatic transmissions.

Automotive-Transmission: 
Burgess-Norton Mfg. Co. Inc.,
The final Award of Distinction in 
the Automotive-Transmission 
Category was won by Burgess-
Norton Mfg. Co. Inc., Geneva, 
Illinois, for a sinter-hardened 
steel pocket plate made for Means 
Industries Inc (Fig. 7). The part is a 
major component of a controllable 
clutch, a new design for multi-
speed transmissions.

Automotive-Engine: 
NetShape Technologies
The Award of Distinction in the 
Automotive-Engine Category was 
given to NetShape Technologies, 
Floyds Knobs, Indiana, for a copper 
steel duplex cam sprocket made 
for US Tsubaki Automotive, LLC 
(Fig. 8). The part goes into the 
4.4 litre Big Lion diesel engine in 
Land Rover’s flagship vehicle. An 
original PM design, the part offers 
an estimated 30% savings over the 
cost of machining it from wrought.

Lawn & Garden/Off-Highway: 
FMS Corporation
The Award of Distinction in the Lawn 
& Garden/Off-Highway Category was 
given to FMS Corporation, Minne-
apolis, Minnesota, for a sinter-
hardened steel pivot shift fork made 
for Team Industries (Fig. 9). The 
part goes into a shifting mechanism 
in an all-terrain vehicle transmis-
sion. The two sets of journals are an 
absolute requirement as they enable 
the fork to pivot, which is its very 
function.
 
Industrial Motors/Controls & 
Hydraulics: 
Capstan
An Award of Distinction in the Indus-
trial Motors/Controls & Hydrau-
lics Category went to Capstan, 
Wrentham, Massachusetts, for 
a copper-steel clutch piston. 
The part is used in an industrial 
power takeoff system, a relatively 
new development for PM pistons 
(Fig. 10). It is a multilevel compacted 
part that, combined with multiple 
secondary processing steps, yields a 
highly precise, machined and sealed 
PM component, an economically 
attractive alternative to a machined 
die cast one. This component is a 
prime example of how innovative 
machining techniques, performed 
on precise, near-net as-sintered 
blanks, can add great value and 
open up new markets for the PM 
industry.

Hardware/Appliance: 
ASCO Sintering Co.
An Award of Distinction in the 
Hardware / Appliance Category went 
to ASCO Sintering Co., Commerce, 
California, for a copper-infiltrated 
steel bolt used in a commercial door 
lock system (Fig. 11). The part’s 
complexity, with its nine levels, 
rivals that which is more typically 
seen in parts produced via MIM. The 
bolt is pressed and sintered to its 
final shape without any secondary 
operations. It is estimated to save 
60% over the cost of other manufac-
turing methods.

www.mpif.org

Fig. 11 ASCO Sintering Co. make this copper-infiltrated steel bolt used in a 
commercial door lock system. The bolt is pressed and sintered to its final 
shape without any secondary operations (Courtesy MPIF)
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european powder
metallurgy association

International
Congress & Exhibition
14 - 18 October 2018
Bilbao Exhibition Centre (BEC) Bilbao, Spain

Exhibition Stands Now Available

www.europm2018.com

First Announcement Now Available

Refractory metals are usually 
defined as metals having the highest 
melting points (>2000°C) among all 
the elements. They include tungsten 
(W) which melts at 3410°C, molyb-
denum (Mo) at 2610°C, niobium 
(Nb) at 2497°C, and tantalum (Ta) 
at 2996°C. In the early stages of 
the development of W, the metal 
could not be processed using 
conventional melting processes 
with the equipment then available 
due to the element’s high melting 
temperature, and W powders were 
produced by hydrogen reduction of 
W oxides. The resulting powders 
could be converted to semi-finished 
and near net shape products using 
Powder Metallurgy processes, with 
tungsten wires for incandescent 
lamps being the first commercial 
PM products introduced early in the 
20th century. Modern vacuum arc 
and electron beam furnaces now 
also allow the melting and casting of 
refractory metals, but the PM route 
is still favoured for the production 

of refractory metal components, 
with wide ranging applications in 
markets including lighting, consumer 
electronics, semiconductors, coat-
ings, medical technology, automotive, 
aerospace, mechanical engineering, 
high temperature furnace equipment 
and construction. 

Developments in refractory 
metal markets 

The Plansee Group, headquartered 
in Reutte, Austria, is a world leader 
in the production of PM compo-
nents from W, Mo, Nb and Ta as 
well as associated refractory metal 

19th Plansee Seminar: Refractory metals and hard materials

The 19th Plansee Seminar, organised by the Plansee Group, took place in 
Reutte, Tirol, Austria, May 29 - June 2, with over 470 delegates attending 
from 28 countries. Bernard Williams reports on the two keynote 
presentations at the seminar, which include an overview of global trends 
in the refractory metals markets by Plansee’s Ulrich Lausecker and a 
look at production and research trends in the hard materials sector by 
Dr Christoph Gey of Kennametal Inc.

19th Plansee Seminar: 
Production trends in 
refractory metals and 
hard materials

Fig. 1 The opening ceremony at the 19th Plansee Seminar (Courtesy Plansee)
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alloys. Ulrich Lausecker, Executive 
Vice-President of Plansee’s High 
Performance Materials Division, 
presented a Keynote at the 19th 
Plansee Seminar in which he covered 
some of the trends in traditional and 
new markets for refractory metals 
over the past ten years, based on 
data obtained from statistics, trade 
associations and Plansee’s own 
estimations. 

Lausecker stated that the markets 
for refractory metals are continuously 
evolving, but that competition from 
other high performance, lower-priced 
materials, especially in new markets, 

requires a strong focus on increased 
efficiencies in production yields and 
manufacturing operations. Innovative 
new production technologies such 
as Selective Laser Melting (Additive 
Manufacturing) will contribute to 
this effort. “While refractory metals 
provide unique properties for many 
applications, exactly those properties 
pose some significant challenges in 
optimising manufacturing processes. 
The need for improved and highly 
efficient processes is apparent in 
the whole industry and only the ones 
with smart solutions will remain 
successful,” stated Lausecker.

“We are also looking further into 
combinations of properties and 
complex alloy systems with unique 
material properties which will allow 
for new applications for refractory 
metals to be discovered.” 

These alloy systems are becoming 
more and more complex and are 
finely tuned for specific applications, 
stated Lausecker. Examples include 
combinations of W or Mo with Re or 
Cu or alloy additions such as TiC, ZrO 
(TZM) or HfC (MHC), La2O3 (ML), NiFe 
heavy metal (Densimet®) or Y2O3 (MY) 
to improve the hot strength, creep 
resistance, thermal and electrical 
conductivity, machinability or low 
temperature ductility. Addition-
ally, heat treatment of refractory 
metals compensates for mechanical 
stresses, adjusts material properties 
and improves machinability.

Global consumption
Lausecker stated that the total 
estimated current consumption 
of refractory metals worldwide is 
around 400,000 tonnes per year 
of which Mo accounts for 230,000 
tonnes, W around 100,000 tonnes, Nb 
65,000 tonnes and Ta 1,200 tonnes. 
An estimated 17% of tungsten was 
converted into finished PM products 
with a further 59% used in hardmetal 
(cemented carbide) production, and 
the remainder of W went for alloying 

Fig. 3 Breakdown of traditional and new refractory metals application areas 2007-2017 [1]

Fig. 2 Refractory metals consumption in ‘traditional’ applications (left) grew 
below industry average over the past decade whilst ’new’ applications (right) 
grew by +4% CAGR [1]
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Fig. 4 Molybdenum dipping caps (left) and tungsten electrodes (right) used in 
the lighting industry [1]

steels and in chemicals. In contrast, 
just 5% of Mo was used to produce 
PM-based components. Lausecker 
emphasised that current recycling 
rates for the four refractory metals 
were in the region of 34%, with Mo 
and W at 43% and 29% respectively. 

Over the past ten years, the use 
of refractory metals for traditional 
applications was reported to have 
grown below industry average at 
0.6% CAGR to 17,000 tonnes this 
year, compared to 16,000 tonnes 
in 2007. This slow growth is mainly 
attributed to the substitution of 
traditional W or Mo filaments for 
lighting and the decline in the use of 
Mo spray wire for coatings. However, 
new applications saw an increase of 
4% CAGR in the same period, from 
2,500 tonnes to 3,700 tonnes (Fig. 2). 
Fig. 3 compares the status of indi-
vidual traditional and new markets 
for refractory metals over the past 
ten years. 

Lighting
The oldest and one of the largest 
industrial applications of W and Mo 
is in electrical engineering, such 
as wires/filaments, electrodes, Mo 
dipping caps and electrodes for 
incandescent lamps (Fig. 4). This is 
due to the materials’ high tempera-
ture strength and creep resistance, 
good corrosion resistance, low 
thermal expansion and low vapour 
pressure, and good thermal and 
electrical conductivity. However, 
Lausecker stated that 60% of the 
traditional filament light bulb market 
and halogen light market had been 
replaced by LED lighting, although in 
the case of short arc lamps, where 
tungsten electrodes generate a light 
emitting arc, the market loss is only 
10%. As can be seen in Fig. 3, overall 
refractory metal (W and Mo) use in 
the lighting sector has fallen from 
2,500 tonnes to 1,500 tonnes over 
the last decade.

Unlike the lighting sector, the 
market for traditional applications 
in the glass and furnace sector has 
grown by a third over the past ten 
years to 2,000 tonnes. Examples 
of applications include heating 
elements for the hot zones of 

furnaces operating at tempera-
tures as high as 2800°C, charge 
carriers, annealing and sintering 
boats, furnace shielding, cruci-
bles, glass melting electrodes and 
spinning nozzles to name just a 
few. Fig. 5 shows some examples 
of refractory metals in traditional 
furnace applications. A new refrac-

tory metal furnace application is 
the use of W or Mo crucibles for 
single crystal growing for sapphire 
production, which Lausecker 
stated to be a very volatile market. 
Production for this market was said 
to have peaked at 1,100 tonnes/year 
in 2014, and has since shrunk to 
500 tonnes in 2017. 

Fig. 5 Refractory metals used to produce high temperature furnace equipment 
hot zones (top), charge carriers (lower left) and boats (lower right) [1]
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Heat reduction & shielding
Another growth market for traditional 
refractory metals is the production of 
standing and rotating X-ray targets 
for X-ray machines and CT scan-
ners, where RM provides the key 
components for the safe removal of 
the large amounts of heat occurring 
in the production of X-rays. Refrac-
tory metals are also used to produce 
collimators and shielding in radiation 
therapy (Fig. 6). Here, the market has 
grown from 800 tonnes per year in 
2007 to 1000 tonnes in 2017.

Electronics & semi-conductors
The excellent thermal conductivity 
and controlled coefficient of thermal 
expansion makes refractory metals 
a key element in traditional applica-
tions in the electronics and semi-
conductor sectors. Applications 
include semiconductor base plates, 
heat spreaders and heat sinks 
used to dissipate heat generated in 
electronic components and, more 
recently, carrier plates in LED chips. 
Lausecker stated that applications 
in these sectors had remained static 
over the past ten years at 700 tonnes 
per year, with the more recent new 
thermal management applications 
market falling from 400 to 300 tonnes 
in the same period. 

Coatings & other markets
The market for traditional Mo and 
W PVD coatings, used to achieve 
corrosion resistance or improved 
electrical conductivity, has seen a 
slight decline to 800 tonnes from 
900 tonnes ten years ago whereas 
new Mo and W coating applications 
have soared by 50% to 3,000 tonnes 
in 2017. The latter include thin films 
for TFT displays and sputtering 
targets for coating solar panels, LCD 
displays for computers and mobile 
phones (Fig. 7).

This high strength, high tempera-
ture creep resistance, good thermal 
conductivity and wear resistance also 
makes refractory metals key mate-
rials in ‘materials processing’. Appli-
cations in this sector have increased 
by 25% to 4,000 tonnes per year over 
the past decade and Lausecker gave 
a number of examples ranging from 

Fig. 7 Molybdenum, tungsten and tantalum are used for sputtering targets for 
the coatings industry [1]

Fig. 8 Molybdenum base TZM alloys used for piercing plugs (left) and tools for 
isothermal forging (right) [1]

19th Plansee Seminar: Refractory metals and hard materials

Fig. 6 High density refractory metals offer high adsorption capacity in shielding 
against X-rays and gamma rays [1]
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Mo-base TZM piercing plugs and 
TZM tools for isothermal forging and 
casting inserts, hot runner nozzles, 
extrusion dies and WCu welding 
electrodes (Fig. 8).

The high density of tungsten 
is also key in its use in balancing 
weights used in piston engines and in 
aircraft engines. However, Lausecker 
reported that this sector had declined 
to 2,000 tonnes from 2,500 tonnes 
over the past ten years. Finally, 
Lausecker referred to the increased 
use of W-base alloys in the traditional 
power distribution and transmission 
sector. These include high precision 
WCu electrical contacts for high to 
medium voltage, and WCAg for low to 
medium voltage applications (Fig. 9). 
This sector has seen an increase 
of 66% in the last decade to around 
500 tonnes per year.

Lausecker concluded that, whilst 
there were relatively few alterna-
tive materials to Mo and W alloys in 
traditional refractory metal appli-
cations, fluctuating raw material 
prices and volatile markets over the 
past decade have seen the need for 
agile management, able to cope with 
ever-increasing amount of volatility. 
Understanding customer require-
ments will be key to mastering the 
challenges ahead in the refractory 
metals industry. 

Global trends in the hard 
materials industry

Dr Christoph Gey, Vice Presi-
dent, Global Materials Science at 
Kennametal Inc., presented the 
second keynote on behalf of his 
co-authors (J Bitler, D Banerjee, 
J Goldsmith, J Kohlscheen, and M 
Wolf) with a focus on trends in the 
hard materials industry. Dr Gey 
stated that tungsten carbide, with its 
unique combination of high hard-
ness and toughness, had come a 
long way since the material was first 
introduced 90 years ago in Germany. 
More than 50,000 tonnes are now 
being produced per year globally for 
a metalworking cutting tools sector 
worth around $15 billion, with wear 
resistant parts adding a further 

$6 billion to the sector. However, 
whilst growth over a wide range 
of hard material applications has 
been very encouraging, it has 
slowed in the past few years due to 
macro-economic trends in several 
market segments, stated Dr Gey. In 
order for the global hard materials 
industry to maintain future growth 
in a continually changing environ-
ment that sees fluctuating prices 
of its key raw materials, such as 
ammonium paratungstate (APT) 
and cobalt, it has to face up to 
a number of challenges. These, 
stated Dr Gey, included attracting 
and retaining talented managers 
and researchers to successfully 
manage increasing material and 
production complexity, helping to 
reduce manufacturing costs whilst 

Fig. 9 WCu contacts for high to medium voltage power transmission 
applications [1]

Fig. 10 Trends in applications of aerospace materials (left) and estimated machining time using hardmetals [2]
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at the same time improving tooling 
performance. 

Changing markets will require the 
development of ever tougher, more 
wear-resistant hard materials and 
coating systems in order to master 
future challenges, particularly for 
metals, alloys and composites used in 
the aerospace industry. Dr Gey stated 
that within the aerospace sector, 
four main aeroplane types and their 
engines will represent 40% of the 
aerospace market. A material shift to 
more difficult to machine materials, 
such as Ti alloys and yTiAl (gamma 
Titan aluminide), will be visible. Fig. 
10 shows the use of aerospace mate-
rials by weight and machining time 
using hard metals over the period 
2012 - 2020. In contrast, the growing 

emphasis on electric vehicle 
production in the coming years will 
reduce the requirement for cutting 
tools and other carbide related 
products currently used in automo-
tive production. 

Hard and superhard materials
These changes will increase 
competition, resulting in the need 
for the hard materials industry to 
improve its productivity and quality 
by, for example, adapting tool 
design to obtain optimum usage, 
optimising tool substrate materials 
to obtain better wear and tempera-
ture resistance and tougher 
materials, and developing coatings 
which are oriented towards specific 
applications, stated Dr Gey.

Gey further emphasised that 
the hard materials industry must 
seek cost reductions throughout 
the complete processing chain 
through the use of improved 
powders, powder consolida-
tion and sintering, post sinter 
treatment and coatings. Cost 
savings could also be achieved 
by substituting tungsten carbide 
with lower cost hard materials, 
by using alternative binders to 
cobalt, increasing recycling and 
the adoption of new or alternative 
processing technologies such as 
Additive Manufacturing. Dr Gey 
gave the example of Co binder 
modification using ruthenium 
(Ru), which he stated consider-
ably expands the allowable carbon 
range and enables solid solu-
tion strengthening of the binder 
phase. The improved thermal 
shock resistance of the WC-Co/
Ru binder resulted in an 80% 
increase in tool life when milling 
aerospace grade TiAl6V4 alloy, as 
can be seen in Fig. 11. 

Recent innovations in hard 
materials for tooling include 
Sialon ceramic end mills, which 
Dr Gey stated have eight times 
higher productivity, mainly gener-
ated by dramatically increased 
cutting speeds. However, this 
requires machine tool builders 
to catch up with increased 
machining speeds and to allow 
for different tool dimensions or 
modular versions of end mills. 
Dr Gey also pointed to ongoing 
developments in alternate 
superhard tool materials such 
as nano-crystalline diamond, 
having a hardness of HV130 GPa, 
low cost spark plasma sintered 
(SPS) binderless diamond-WC, 
and transparent c-Si3N4, having a 
hardness of 40 GPa and superior 
oxidation resistance over diamond 
and cubic boron nitride. 

Coatings
Dr Gey then pointed to trends in 
hard coating research, including 
the need for advances in coating 
hardware as well as the chemistry 
of PVD and CVD coatings. In 

Fig. 11 Binder optimisation in WC-Co hard metals by addition of Ru to Co 
increases thermal shock resistance and tool life in milling of TiAl6V4 [2]
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Fig. 13 General trends in materials analytics and simulations [2]

Fig.14 Micro-beam section FIB milled out of a hard coating to obtain stress/
strain data [2]

PVD coatings, there have been 
advances in electrical hardware and 
evaporator design to improve plasma 
processes, resulting in better coating 
quality and tool performance. This, 
stated Dr Gey, includes advanced 
arc cathodes, stable arc motion 
and deposition of advanced coating 
materials. High power sputtering 
has provided for the higher ionisation 
of plasma with better control of 
coating properties and coating 
smoothness. Further, he stated 
that there was a trend towards fine 
tuning traditional PVD coatings such 
as TiAlN by adding silicon to create 
a dense nano-structure, which 
further increases hot hardness, and 
also chromium, which when used 
in multi-layer coatings, increases 
oxidation resistance and helps 
protect against crater wear in steel 
milling. 

In CVD coatings, Dr Gey stated 
that advanced coatings now include 
the metastable AlTiN, which has 
previously been the domain of PVD. 
Process improvements, such as 
low pressure, have enabled CVD 
coatings with even higher Al:Ti ratios 
to maintain high hardness and give 
better protection at dry high cutting 
speed. Some general trends in PVD 
and CVD hard coating research are 
given in Fig. 12.

Increasing the productivity of 
coating processes and achieving cost 
reductions, whilst also improving 
coatings themselves, is the priority 
of every equipment manufacturer, 
stated Dr Gey. This could be achieved 
by coating larger batches at short-
ened process times and minimising 
handling through automation. He 
referred to concept studies of in-line 
coating, but acknowledged that 
this is not yet a mature solution for 
coating cutting tools.

Materials analytics and simulation
Advances and increases in computer 
power and analytical equipment 
are playing an ever larger role in 
advanced analytics and process 
simulation, stated Dr Gey. This has 
led to a speeding-up of measure-
ment and property testing, and the 
ability to generate better imaging 

PVD

improving common systems like TiAlN and AlCrN by:

o use of V, W etc. for high T lubrication by in-situ forming Magnéli oxide phases

o concept High Entropy Alloy Coatings, TiAlZrN, TiAlxyzN

o adaption and combination with DLC & diamond coatings

o combining with oxinitrides (AlCrO etc.) for adhesive materials (ISO M, S)

o micro-structural coating design (grain boundaries, phase formation)

o preferably advanced deposition techniques like high power pulse sputtering

CVD

deposition of metastable phase like TiAlN formerly limited to PVD: 

o understanding TiAlN / AlTiN micro-structure formation and manipulation

o adding dopants to TiAlN for better wear and thermal resistance

o Ti-B-... binary and ternary systems due to attractive mechanical properties and
compressive stress

Advanced Analytics

o adhesion & hardness: improved modelling and correlation with micro-

structure

o wear: advanced micro-/nano-mechanical testing to improve reliability

and better ability to predict (shorten & focus new product development)

o micro-geometry: 3D optical measurement for better imaging and quality

control

o micro-structure: better resolution with advanced beams (focussed x-ray,

synchrotron light) and detectors (electron back scatter; Raman)

o stress: space/depth resolved techniques for graded and multi-layers

instead of averaging techniques

o micro-tensile test: micro-beam bending

Simulation Activities

o processes (sintering, powder flow, gas flows): using ever increasing
computing power in FEM, Molecular Dynamics, Monte Carlo methods

19th Plansee Seminar: Refractory metals and hard materials
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of hard material microstructures 
and coatings (Fig. 13). He gave the 
example of micro tensile testing 
of a micro beam of a TiN coating 
which was machined from the 
coating using focused ion beam 
(FIB) milling (Fig. 14). As in macro 
tensile testing, the micro test can 
also generate a stress-strain curve 
(determining E, UTS). 

Additive Manufacturing
Additive Manufacturing is far from 
being regarded as a mainstream 
process for the production of metal-
working tools, but current trends 
show that AM is already being inte-
grated into the key technology plat-
forms in hard materials production, 
stated Dr Gey. He cited a number of 
hard material manufacturers known 
to be using AM to produce products 
such as reamers with internal struc-
tures, drill bodies, milling cutters, 
etc. The Mapal Group of Aalen, 
Germany, is producing its QTD insert 
drill with a spiral internal cooling 
channel and also a weight opti-

mised external reamer by selective 
laser melting. The Komet Group of 
Besigheim, Germany, is using laser 
melting AM to produce PCD tools 
such as face end milling and end 
milling cutters, with geometries not 
possible by conventional processes, 
and both Sandvik Coromant in 
Sweden and Iscar Tools in Israel 
are using metal AM to produce hard 
material prototype tools (Fig. 15). 

Dr Gey pointed to the acceleration 
in the sale of metal AM machines 
and powders over the past five years, 
and to the significant investments 
in metal AM production facilities 
and new AM technology applications 
by major global players. Compa-
nies are seeing the benefits of AM, 
such as flexible production, near 
net shapes with reduced waste, 
increased design freedom allowing 
new features to create lighter weight 
structures by using internal and 
external design features not previ-
ously possible, improved product 
performance and the multi-material 
ability of the AM process. 

Dr Gey concluded, however, that 
the two key developments in wear 
resistance materials systems and 
the implementation of alternative 
production methods, such as metal 
AM, will not be sufficient for the hard 
materials industry to stay competi-
tive in the future. A third essential 
element is the need for increased 
automation in manufacturing, with 
additional data analysis, which he 
stated is termed the fourth indus-
trial revolution or Industry 4.0. This 
is already taking place on a global 
scale. The combined focus on all 
three elements will be key for the 
success of the hard materials sector 
and will be a major area of research 
at manufacturing companies, univer-
sities and research institutes in the 
coming years.
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The European Hard Materials 
Group (EuroHM) was established 
in 1999 and represents companies 
and research institutes involved in 
WC-based hard metals (cemented 
carbides) and superhard materials 
such as CBN, ceramics and diamond 
tools. The group has over thirty 
members and its current co-chairs 
are Dr Steven Moseley, Hilti AG, 
and Dr Leo Prakash, WTP Materials 
Engineering. 

One of the key activities of EuroHM 
is to organise short-term research 
projects, known as ‘club projects’, 
funded internally by a consortium 
of EPMA members. The half-day 
open meeting in Reutte reviewed 
the status of four ongoing EuroHM 
club projects, and also included 
keynote presentations on health and 
safety trends from Tuulia Svanehav 
of Sandvik Machining Solutions, 
Sweden, and a review of the tungsten 
powder market from Dr Andreas 
Bock of Wolfram Bergbau und Hütten 
GmbH in Mittersill, Austria.

Club Projects

Resistivity of Hardmetals – Part Two
Dr Bryan Roebuck (National Physical 
Laboratory, UK) outlined the work 
done in the EuroHM club project on 

the measurement of electrical and 
thermal conductivity of hardmetals 
as a potential new quality control 
technique. The research work already 
done has proved valuable for under-
standing the effect of the micro-

The European Hard Materials Group, or EuroHM, is one of five 
sectoral groups within the European Powder Metallurgy Association 
(EPMA). The group holds regular meetings and workshops 
to discuss road mapping, standards and research, as well as 
environment, health and safety issues. Bernard Williams reports 
from the latest EuroHM open meeting held during the 19th Plansee 
Seminar in Reutte, Austria. 

EPMA’s European 
Hard Materials Group 
addresses challenges 
facing the industry 

Fig. 1 Dr Olivier Coube, Technical Director of the EPMA, welcomed delegates to 
the EuroHM Open Meeting at the 19th Plansee Seminar 
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Fig. 3 Occupational exposure limit for cobalt alone or in hardmetal (From pres-
entation by Tuulia Svanehav, EuroHM Open Meeting, Reutte, 2017)

GCL = Generic Concentration Limit
SCL = Specific Concentration Limit

Table 1 Proposal for EU classification of cobalt metal (From Keynote paper: 
‘Health and safety trends in hardmetal industry’ by Tuulia Svanehav, at the 
EuroHM Open Meeting, Reutte, 2017)

Health and safety trends 
in the hardmetal industry

Tuulia Svanehav of Sandvik 
Machining Solutions, Sweden, 
gave a keynote presentation at the 
EuroHM open meeting in which she 
focused on making the hardmetal 
workplace free of accidents and 
hazards, including the implications 
of the proposal in January 2017 
for EU Harmonised Classification 
of cobalt metal as a carcinogen, 
mutagen and reproductive toxicant. 
Svanehav stated that under REACH 
- the European Regulation on 
Registration, Evaluation, Authori-
sation and Restriction of Chemicals 
which entered into force in 2007, 
the responsibility for assessing 
and managing the risks posed 
by chemicals (substances), such 
as cobalt, has moved from public 
authorities to industry through 
registration and self-classification. 
As before, industry also provides 
appropriate safety information 
(Safety Data Sheets, Labelling) for 
the users of the relevant chemi-
cals.

As a reaction to new available 
data in 2013, the Cobalt Develop-
ment Institute (CDI) in conjunction 
with the Cobalt REACH Consortium 
(CoRC) took the action to self-
classify Co metal as a Category 
1B carcinogen via inhalation. As a 
consequence, under the rules of 
the Globally Harmonised System 
of Classification and Labelling 
of Chemicals (GHS - a UN initia-
tive 2003), all mixtures containing 
>0.1% Co metal carry the same 
carcinogenicity classification as 
pure Co. Svanehav stated that 
there is a proposal for harmonised 
classification of cobalt metal by 
the European Chemicals Agency 
(ECHA), as shown in Table 1. She 
said that because of the obligation 
to comply with the EU carcinogen 
and mutagen directive, the parts of 
proposed harmonised classification 
that are not in line with the current 
self-classification of Co metal 
and WC-Co mixtures, a burden is 
placed on the hardmetal industry 
in terms of striving towards closed 

production processes, where any 
contact with cobalt containing 
hardmetal is avoided, and seeking 
possible substitutes. It is also 
expected that allowable occupa-
tional exposure limits for Co in 
inhalable form, either alone or as 
a mixture, will decrease substan-

tially in the future. In 2016 the 
limit of 0.005 mg/m3 of Co was set 
in the USA which compares with 
0.02 mg/ m3 in 1993, and in Europe 
current limits are expected to fall 
even further than that recently set in 
the USA in the near future (Fig. 3). 

End point Current industry 
classification

Proposal from 
authority

Proposal differs 
from

 self-classification

Carcinogenicity
Carc 1B

(Inhalation)

Carc 1B
(Inhalation, oral 

and skin routes of 
exposure)

Oral and skin 
routes of 
exposure

Carcinogenicity
Carc 1B inhalation 

GCL 0.1%

Carc 1B 
SCL 0.01%

(Mixtures > 0.01% 
cobalt carcino-

genic)

SCL 0.01%

Mutagenicity No mutagenicity
Muta 2 

(Suspected 
mutagen)

Muta 2 
(Suspected 
mutagen)

Reproductive 
toxicity (fertility)

Repro 2
(Suspected human 

effect)

Repro 1B
(Presumed human 

effect)

Change from 
Repro 2 to Repro 

1B

European Hard Materials Group 

Occupational Exposure Limit 
Cobalt alone or in hardmetal

1978 US NIOSH:
0.1 mg/m3

1993 US ACGIH:
0.02 mg/m3

2016 US ACGIH:
0.005 mg/m3

1978 Sweden:
0.05 mg/m3

2007 Denmark: 
0.01 mg/m3

2011 Sweden
0.02 mg/m3

20XX Germany:
0.005 mg/m3

20XX France:
0.0025 mg/m3

20XX Germany:
0.00005 mg/m3

TREND

Fig. 2 FE Simulation of the hardmetal-steel ends resonance test specimen. 
(From presentation by Prof H Danninger, EuroHM Open Meeting, Reutte, 2017)

structure and interfacial properties 
on hardmetal behaviour with the 
advantage of being able to char-
acterise also non-magnetic hard 
materials. 

The second phase of this project 
is aimed at contiguity, i.e., the 
average fraction of the surface 
of individual WC grains in WC/ Co 
hardmetals, as an important 
parameter to measure; thermal 
properties of the Co binder phase; 
measuring the thermal and elec-
trical properties of binderless pure 
WC; and developing a user friendly 
model which can be used as a tool 
to design hardmetals with tailored 
thermal conductivity and which can 
also predict electrical resistivity.

Simulation of Fatigue Crack Growth 
in Hardmetal at a Mesoscopic 
Scale: SIMU-CRACK 
Professor Christoph Broeckmann at 
the Institute for Materials Applica-
tions in Mechanical Engineering at 
RWTH Aachen, Gemany, reviewed 
the club project on simulation of 
fatigue crack growth in hardmetals 
at a mesoscopic scale. He stated 

that this EuroHM project is now 
entering its third phase which will 
have the objectives of (1) assessing 
the influence of carbon content 
(as an additional variable, besides 
binder content and grain size) on 
the fatigue crack growth (FCG) 
of WC-Co hardmetals, and (2) 
numerical validation of the experi-
mentally observed FCG process for 
various hardmetal grades with the 
modelling approach developed in 
Phase 2 of SimuCrack. 

Ultrasonic Fatigue Testing of 
Hardmetals in the Gigacycle 
Regime Project UFTH
The ‘ultrasonic fatigue testing of 
hardmetals’ (UFTH) is a EuroHM 
club project being coordinated 
by Prof Herbert Danninger at 
the Technical University Vienna, 
Austria. Prof Danninger stated 
that ultrasonic fatigue tests have 
been carried out in Stage 1 and 2 
of UFTH in push-pull mode using 
hourglass-shaped hardmetal test 
specimens having Co contents 
ranging from 6 to 20% and with 
ultrafine to medium WC grain size. 

In Stage 3 of the project cylin-
drical hardmetal specimens will 
be placed at the centre of the test 
piece with steel end pieces having 
a much larger diameter and joined 
to the hardmetal bar by brazing. 
Fig. 2 shows the FE simulation of 
the hardmetal-steel resonance test 
piece. 

Prof Danninger further stated 
that because fatigue loading is 
applied in the centre (hardmetal) 
section of the test specimens, the 
brazed-on steel ends with much 
larger diameter are only required 
for amplifying the load. The speci-
mens will be tested using ultra-
sonic resonance tester and the S-N 
curves obtained will be compared 
with those obtained with the full 
hardmetal SHM-C specimens. The 
fracture surfaces will be examined 
by SEM. 

Micro-Mechanical Testing: A 
Quantitative Method for Meas-
uring Local Mechanical Properties 
in Hardmetals 
Dr Jose Sanchez at CEIT in San 
Sebastian, Spain, reported on the 
exploratory Stage 1 (designated 
MicroMech) EuroHM club project to 
assess the ability of micro sample 
testing for measuring mechanical 
characteristics of key microstruc-
tural features of hardmetals at 
the local scale in order to develop 
robust metrology. This phase of 
the club project was completed 
in October 2016 and included the 
behaviour of individual features 
such as WC grains, WC-WC inter-
faces and the binder. Microsamples 
such as beams and pillars were 
machined by FIB and tested with a 
nanoindenter system to measure 
force-displacement properties. 

Dr Sanchez stated that further 
work is planned in Stage 2 to 
develop test set ups for robust 
metrology using micro samples to 
target selected properties such as 
toughness, strength, interfaces, 
coatings, etc. The results will be 
entered into a database which will 
allow users to characterise and 
compare the in-service behaviour 
of different hardmetals.

European Hard Materials Group 
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Raw materials in 
hardmetals

Dr Andreas Bock of Wolfram Bergbau 
und Hütten GmbH in Mittersill, 
Austria, presented a keynote on 
tungsten (W) – the most important 
raw material used in hardmetals. He 
stated that around 85,000 tonnes of 
primary tungsten from mines were 
shipped worldwide in 2016, with 
China dominating both tungsten 
concentrates and intermediate prod-
ucts supply. Around 19,000 tonnes of 
tungsten was consumed in Europe 
last year of which two-thirds went 
into hardmetal (cemented carbide) 
production, 11% for steel alloying and 
superalloys, 10% for heavy metal and 

W mill products, 8% for chemicals 
and 5% for coatings  (Fig. 4). 

Dr Bock stated that, although 
China has the world’s largest 
reserves of W, Europe is relatively 
well endowed with W deposits in 
large-scale mines in Hemerdon (UK), 
Los Santos (Spain), Panasquiera 
(Portugal) and Mittersill (Austria). In 
addition, increasing amounts of used 
hardmetals are recycled including 
55% of cutting tools, 40% of mining 
and construction tools and 40% of 
hardmetals used in wear parts and 
chipless forming. There is scope to 
further increase these recycling rates 
to over 70% of all hardmetal products 
as can be seen in Table 2. Dr Bock 
stated that a number of factors will 

influence recycling with price being 
the main driver for scrap flows 
through ‘buy-back’ programmes 
from tool producers. Other factors 
include: recycling of APT products, 
collection and sorting of international 
scrap, legislation related to waste, 
conserving raw materials and the 
need to be independent of tungsten 
raw material supply from China.

EPMA Sectoral Groups

The EPMA has five sectoral groups 
in total, with each focusing on a key 
area of Powder Metallurgy tech-
nology. The sectoral groups are open 
to EPMA members and cover PM 
Structural Parts (EuroPress&Sinter), 
Metal Injection Moulding (EuroMIM), 
Hard Materials (EuroHM), Hot 
Isostatic Pressing (EuroHIP) and 
Additive Manufacturing (EuroAM). 

In addition to managing numerous 
club projects, the Sectoral Groups 
provide a range of networking oppor-
tunities and actively work to promote 
their area of PM technology to the 
wider audience.

www.epma.com 

Share in
cemented
carbides

End-use
ton p.a.

Current
recycling rate

Current
recycling
ton p.y.

Maximum
recycling rate

estimated

Maximum
recycling
ton p.y.

Cutting tools 45% 26,769 55% 14,723 80% 21,415

Mining
construction
energy

30% 17,846 40% 7,138 60% 10,707

Wear parts
chipless
forming

25% 14,872 40% 5,949 70% 10,410

Total 100% 59,486 46.8% 27,810 71.5% 42,532

Table 2 Recycling rates in the hardmetal (cemented carbide) industry (ITIA 2014, Zeiler and Schubert)

Cemented carbide 
66% 

Steel &  
Superalloy 

11% 

Heavy Metal & Mill 
Products 

10% 

Chemical use 
8% 

Surface 
applications 

5% 

Tungsten consumption in Europe  
19-20,000t per year 

Fig. 4 Occupational exposure limit for cobalt alone or in hardmetal (From 
presentation by Tuulia Svanehav, EuroHM Open Meeting, Reutte, 2017)
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Lightweighting of structural 
automotive components 
using high strength Powder 
Metallurgy aluminium alloys

In the automotive sector, the main 
aim of lightweighting is to deliver fuel 
economy improvements, coupled with 
consequent reductions in greenhouse 
gas emission levels. It is estimated 
that a 10% reduction in the mass of 
a vehicle will result in around a 6-8% 
improvement in fuel efficiency. A 
reduction in vehicle mass of 100 kg is 
said to result in approximately 8 g/km 
(11.3 g/mile) reduction of CO2 exhaust 
emissions. 

A paper, contributed by Chaman 
Lall, Metal Powder Products, 
USA, reported on a study of the 
lightweighting potential in structural 
automotive components of high 
strength PM aluminium alloys, 
processed through a conventional 
die compaction-sinter-size 
route [1]. Metal Powder Products 

(MPP) is reported to be the 
largest manufacturer of structural 
aluminium PM components in the 
world. By far their most widely 
used aluminium alloy to date has 
been the AC-2014 material, with a 
nominal composition of Al-4%Cu-

1%Si-0.5%Mg. The company has 
been supplying camshaft bearing 
caps in this material for over 20 
years, with more than 300 million 
such components shipped to date. 
Examples of PM aluminium camshaft 
bearing caps are shown in Fig. 2.

POWDERMET2017: PM aluminium alloys

Lightweighting has emerged as one of the potential enablers 
in delivering performance benefits in a number of sectors. A 
variety of papers presented at the MPIF’s POWDERMET2017 
Conference, held in Las Vegas, June 13-16, 2017, discussed the 
impact of PM-processed aluminium alloys in transportation and 
electrical power transmission applications. In his report for PM 
Review, Dr David Whittaker reviews a selection of these papers.

POWDERMET2017:
Lightweighting through 
the use of PM-processed 
aluminium alloys

Fig. 1 POWDERMET2017 took place at the Bellagio Hotel in Las Vegas, USA
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by the application of the T6 thermal 
treatment, but at the expense of 
ductility. The Al-2%Mg alloy in Table 2 
processed by MPP (MPP AC-2334) 
seems to have UTS and yield strength 
levels either matching or exceeding 
the heat treated (T6) 6000 series 
alloys.

The Al-8%Si alloy in Table 2 
(MPP AS-4144) was specially devel-
oped for an automotive application, 
in which all the previously utilised 
materials had exhibited unaccep-
table wear. Several combinations of 
alloy systems and composites were 
proposed and prototypes prepared for 
functional testing. Of all the samples 
tested, including cast and wrought 
materials, this material was far 
superior with regard to wear perfor-
mance in the application. The compo-
nents were camshaft caps (similar 
in appearance to the caps shown in 
Fig. 2a) for start-stop engines, where 
the engine is turned off if the vehicle 
is stationary for a pre-determined 
time interval. The frequent drainage 
of oil and the engine re-starts were 
causing some limited wear, leading 
to internal pressure drops. These 
pressure drops were not accept-
able from an engine performance 
perspective. The islands of Si phase, 
in a matrix of alpha aluminium, 
were envisaged as providing the 
structural support for the bearing 
function, while slight wear of the 
aluminium created pockets for oil 
retention. In PM parts, the pores 
also act as natural reservoirs for oil. 

The pockets of worn aluminium 
are thought to retain oil, which 
can act as a cushion and cause a 
hydroplaning action between the 
heat treated steel camshaft and the 
PM aluminium cam caps. Vehicles 
incorporating these fuel manage-
ment systems have been operating 
successfully for several years 
without any known cam cap issues.

The Al-2.5%Cu alloy (MPP 
AC-2236) in Table 2 is also a 
specialty alloy developed by MPP. 
With proprietary post-sinter 
processing, the material has the 
complete set of properties shown 
in Table 3, which are desirable 
for many structural applications. 
Its values are comparable to the 
wrought Al-4%Cu alloy in the T6 
thermal condition and low-carbon 

PM ferrous alloys in the sintered 
condition. The author concluded that 
this combination of high strength 
with reasonable ductility in a PM 
aluminium alloy can open up an 
opportunity for replacing low-carbon 
steels in some structural applications 
at one third of the density of steel.

Fig. 3 shows high cycle fatigue 
data for MPP AC-2236 and for the 
AC-2014 alloy, as processed by MPP. 
The latter material exhibited an axial 
fatigue strength in these stress-
controlled tests of around 50 MPa 
(testing being suspended at 10 
million cycles). When fatigue tested 
to the same level, the MPP AC-2236 
alloy showed a value of about 85 MPa, 
of the order of a 70% increase over 
the AC-2014 alloy, when measured at 
room temperature. Furthermore, its 

Table 3 Mechanical and thermal properties of MPP alloy AC-2236 (Al-2.5%Cu) [1]

Table 2 Measured mechanical properties of selected Powder Metallurgy 
aluminium alloys [1]

Material Alloy 
Series

UTS 
(MPa)

Yield 
(MPa)

Elong. 
(%)

App. Hardn. 
(HRB)

TRS 
(MPa)

Density 
(g/ cm3)

Pure Al 1000 170 85 20 HRH 32 - 2.55

Al-4%Cu
MPP 

AC-2014
200 165 2 20 325 2.50

Al-2.5%Cu
MPP 

AC-2236
325 300 3 50 585 2.60

Al- 2%Mg
MPP 

AC-2334
275 195 3 40 450 2.55

Al-14%Si
MPP 

AS-4132
210 150 1 32 290 2.60

Al-8%Si
MPP 

AS-4144
165 145 1 30 275 2.60

Material Alloy 
Series

UTS 
(MPa)

Yield 
(MPa)

Elong. 
(%)

App. 
Hardn. 
(HRB)

Young’s 
Modulus, 
E (MPa)

Shear 
Modulus, 
G (MPa)

Poisson’s 
Ratio

Fatigue 
10M 

cycles 
(MPa)

Thermal 
Cond. 

(mW/mm 
deg.C)

Density 
(g/cm3)

Al-4%Cu
AC-2014 
Wrought 

T6
415 315 5 75 72 27 0.33 124 151 2.78

Al-2.5%Cu 
Fully 
processed

MPP 
AC-2236 

Room 
temp.

325 300 3 50 70 25 0.33 85 145 2.60

- 40°C 325 300 3 50 70 25 0.33 90 145 2.60

+ 150°C 325 300 3 50 70 25 0.33 85 145 2.60

POWDERMET2017: PM aluminium alloys

The incorporation of Mg as an 
alloying addition and the use of 
nitrogen in the sintering atmosphere 
have proved vital in facilitating the 
effective sintering of this material, 
which would otherwise be impeded 
by the presence of the highly stable 
layer of aluminium oxide covering 
the powder particles. Mg aids reduc-
tion of this oxide layer by forming 
the spinel MgAl2O4, while nitrogen 
in the sintering atmosphere adds 
support to the goal of oxide reduc-
tion through the formation of AlN.

Published industry stand-
ards indicate modest mechanical 
strength levels for AC-2014, i.e. UTS 
of around 200 MPa, yield strength 
of around 170 MPa, an elongation 
of 1% and an apparent hardness of 
HRE 60. These data were for test 
samples that were compacted, 
sintered, sized and naturally aged 
(T2 condition) for at least seven 
days. This material was used as the 
control group for the reported devel-

opment programme and to which 
properties were to be compared.

The AC-2014 alloy can be 
strengthened by heat treatment. One 
such protocol is T6, which involves 
solutionising for at least an hour at 
around 500°C, quenching in water, 
then artificially aging at 160°C or 
higher for around 20 hours. The T4 
thermal treatment is similar, except 
that the material is aged naturally 
at room temperature over a period 
of days or weeks. However, the 
achieved increments in strength are 
accompanied by significant embrit-
tlement. At a density of 2.55 g/cm3, 
the T6 treatment gives property 
values of UTS around 300 MPa, elon-
gation <1% and apparent hardness 
around 30 HRB. Yield strength and 
UTS were close to each other (within 
10 MPa).

The work reported in this paper 
was therefore aimed at pursuing 
process and alloy compositional 
developments in PM aluminium 

alloys, with the objective of producing 
components with yield strength levels 
of over 300 MPa along with reason-
able ductility.

In these studies, all powder mixes 
were processed in a similar manner, 
involving compaction, sintering 
and sizing. Some were selected for 
additional proprietary post-sinter 
treatments, such as thermal and 
surface modifications. Nominal 
compositions of these materials are 
shown in Table 1. Acrawax C (a form 
of ethylene bi-stearamide wax) was 
used in all mixes at a level of about 
1.5% by weight. MPP designations 
were assigned to the closest major 
additive, in accordance with The 
Aluminum Association’s Teal Book 
system. Where there was no exact 
chemical match, an arbitrary value 
was assigned to the second digit, 
again in line with the association’s 
guidelines (at this time, these desig-
nations are however not registered 
with The Aluminum Association). 
All components and test bars were 
processed in an industrial manufac-
turing environment using installed 
production equipment.

Table 2 shows the achieved 
mechanical properties of the various 
alloys included in the study. No 
TRS value is shown for pure Al, as 
its ductility is too high for this test 
method. The property values for 
the Al-14%Si alloy shown in Table 2 
(MPP AS-4132) can also be increased 
by similar increments to AC-2014 

Fig. 2 Powder Metallurgy aluminium camshaft bearing caps: (a) Cam caps for a single shaft, and (b) Double-hump cam 
cap bridging two camshafts [1]

Table 1 Nominal alloy compositions of selected PM aluminium alloys [1]

(a) (b)

Material Alloy Series %Cu %Si %Mg %Zn % Others

Pure Al 1000 - - - - < 0.5

Al-4%Cu MPP AC-2014 4 0.7 0.5 - < 1.5

Al-2.5%Cu MPP AC-2236 2.5 - 1.5 - < 1.5

Al- 2%Mg MPP AC-2334 4 0.5 2 - < 1.5

Al-14%Si MPP AS-4132 2.5 14 0.7 - < 1.5

Al-8%Si MPP AS-4144 2 8 1 - < 1.5

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


Autumn/Fall 2017       Powder Metallurgy Review98 99© 2017 Inovar Communications Ltd © 2017 Inovar Communications LtdPowder Metallurgy Review       Autumn/Fall 2017

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

brief (i.e. minutes versus hours for 
conventional liquid phase sintering), 
the powder can be fully pre-alloyed to 
any desired composition, magnesium 
additions are not required, micro-
structural coarsening is limited and 
full density products are the norm.

Although SPS has significant 
merit from a metallurgical stand-
point, commercial application of the 
technology to directly fabricate parts 
with a complex, engineered shape 
remains highly challenging. There-
fore, the route that was investigated 
in the reported work comprised the 
initial processing by SPS of simple, 
puck-shaped samples combined with 
subsequent isothermal upset forging 
to introduce geometrical complexity 
in a net-shape manner through 
plastic flow.

The powder used in the study 
was a nitrogen gas atomised, fully 
pre-alloyed material with a targeted 
ternary formulation of Al-0.3Sc- 
0.2Zr. As shown in Table 4, the final 
chemistry was in close agreement 
with the nominal values sought. The 
powder had a nominally spherical 
shape. The measured particle size 
distribution for the powder, as deter-
mined by laser light scattering, is 
shown in Fig. 4.

Sintering was carried out using a 
commercial SPS unit, operated with 
pulsed DC current. Key SPS process 
parameters included a heating rate 
of 50K min-1, a sintering tempera-
ture of 500°C, an isothermal hold 
time of 120 , a uniaxial pressure of 
50 MPa and a vacuum atmosphere. 
All specimens were processed in 
graphite tooling, and machined to 
produce cylindrical pucks with final 
dimensions of 40 mm diameter 
x 27 mm thick. Sintered speci-
mens were then lightly machined 
to remove any remnants of graphite 
remaining after SPS and hot upset 
forged under isothermal conditions 
using a hydraulic press with a rated 
capacity of 110 ton, with a hydraulic 
accumulator system that allowed the 
achievement of high punch velocities.

To assess the effects of net forging 
strain, sintered slugs were forged 
at 500°C to true strains of 0.4, 0.8 
and 1.6 using a constant strain rate 

Fig. 4 Particle size distribution of the Al-0.3Sc-0.2Zr powder [2]

Fig. 5 True stress versus true strain plots for samples forged to net true strains 
of (a) 0.4, (b) 0.8 and (c) 1.6 [2]
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fatigue strength level was appar-
ently maintained throughout the 
test temperature range of – 40°C 
to + 150°C, a range selected in 
consultation with automotive 
design engineers seeking to apply 
these PM aluminium materials 
for specific components in their 
vehicles. Surprisingly, sintered test 
samples performed better in fatigue 
than heat treated samples. Further 
verification test work is continuing 
on the new AC-2236 alloy, as well 
as additional strain-controlled 
fatigue testing.

At these levels of mechanical 
properties, MPP projects that there 
will be a significant impetus to 
consider PM aluminium alloys for 
lightweighting various automotive 
components, including fittings, 
flanges, transmission carriers, 
connecting rods, main bearing 
caps, variable valve timing (VVT)/
variable cam timing (VCT) sprockets 

and gerotors. The total lightweighting 
opportunity is believed to be several 
kilogrammes per vehicle. In one 
specific automotive application, 
currently under development, this 
new alloy is being tested and, to date, 
has passed all functional tests, with 
no signs of failure. The lightweighting 
opportunity for this one application 
alone is over 2 kg per engine.

Isothermal forging of a 
spark plasma sintered 
Al-0.3Sc-0.2Zr Powder 
Metallurgy alloy

A paper, from Mark Y Amegadzie and 
D P Bishop, Dalhousie University, 
Canada, B W Williams, CanmetMA-
TERIALS, Canada and A Taylor, R L 
Hexemer and I W Donaldson, GKN 
Sinter Metals, USA, explored an 
alternative processing route for PM 
aluminium alloys that avoided some 

of the constraints inherent in the 
conventional die compaction/sinter 
route [2].

In the conventional PM process, 
raw powder mixes cannot be fully 
pre-alloyed as this deteriorates die 
compressibility. Also, liquid phase 
sintering, coupled with the presence 
of magnesium additions, is manda-
tory when a dense, well sintered 
product is sought. These factors 
impose clear limitations on the 
range of alloy compositions that can 
be successfully processed, and can 
lead to microstructural coarsening 
and/or problematic distortion in the 
sintered product.

As a means of avoiding these 
issues, Spark Plasma Sintering 
(SPS) has been researched as an 
alternative means of consolidating 
aluminium powders. In this process, 
powder is loaded in a conductive 
tool set (typically graphite) which 
is then rapidly heated through the 
flow of high, pulsed DC current, 
while being concurrently uniaxi-
ally compacted. The entire process 
is conducted under vacuum or a 
protective gas atmosphere and 
essentially combines compaction 
and sintering in a single operation. 
Key advantages of SPS include the 
facts that cycle times are relatively 

Fig. 3 High Cycle Fatigue (HCF) data for two selected MPP PM aluminium alloys [1]

Table 4 Chemical analysis (weight %) of the starting pre-alloyed powder [2]

Composition (weight %)

Sc Zr Fe Si Mg Al

Nominal Target 0.30 0.20 - - - Bal.

Measured 0.33 0.17 0.08 0.02 0.01 Bal
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optical micrographs in Fig. 7. In 
addition, these images revealed that 
grains were now elongated perpen-
dicular to the direction of applied 
forging load and that this effect 
became more pronounced as the 
amount of net strain increased.

Engineering stress-strain curves 
illustrating the effects of forging 
strain on tensile properties are 
shown in Fig. 8. In the absence of 
forging, the stress rose in a linear 
manner followed by fracture at a 
UTS of ~170 MPa with an effec-
tive absence of plastic deforma-
tion. A yield strength could not be 
measured for this material using 
the standard offset method, as the 
ductility was extremely low (<<1%). 
This behaviour was in contrast to 
that observed for forged products. 
Here, yield strengths and UTS values 
lay within the ranges of 150-173 
MPa and 175-218 MPa respectively 
while ductilities were all appreci-
able at 12 - 24%. As such, all forged 
products offered significant gains 
in tensile properties, with the most 
prominent benefits realised in 
terms of tensile ductility (i.e. forged 
samples were at least 40 times more 
ductile). While all forging strains 
imparted tangible gains in tensile 
properties, the effect was most 
pronounced in materials forged to 
0.4 and 0.8 strain. Interestingly, yield 
strength, UTS and tensile ductility 
were all reduced when forging was 
increased to 1.6. To investigate this 
observation in more detail, samples 
of each material were examined 
using EBSD (electron back scat-
tering diffraction). Resultant images 
are shown in Fig. 9.

Generally, the microstructure 
of the SPS processed samples 
consisted of equiaxed grains ranging 
from 10 to 30 µm in size with some 
grains < 5 µm observed. HAGBs 
(high angle grain boundaries) 
dominated the structure with a 
limited concentration of sub-grains 
detected. Forged specimens were 
notably different in that the grains 
were now heavily elongated as a 
result of plastic deformation and 
exhibited a more refined grain size. 
The material forged to 0.4 strain 

Fig. 8 Typical engineering stress-strain curves acquired from samples in the 
as-SPS condition and those processed through SPS + forging to net strains of 
0.4, 0.8 and 1.6 [2]

Fig. 9 EBSD images acquired from (a) an SPS processed sample and those 
isothermally forged to (b) 0.4 and (c) 1.6 true strain. The corresponding inverse 
pole figure is presented in (d) [2]
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of 1s-1. Flow curves showing typical 
true stress versus true strain data 
for these specimens are plotted in 
Fig. 5. Each curve increased in a 
sharp linear manner at the onset of 
deformation until a stress value of 

around 45 MPa was reached. This 
represented the region within which 
elastic deformation prevailed. Tight 
consistency amongst the specimens 
indicated that variations in the net 
amount of applied forging strain 

had no meaningful impact on this 
mode of deformation. Flow stress 
then transitioned into a non-linear 
behaviour, indicating that plastic 
deformation now prevailed. Here, 
flow stress diminished subtly and 
then rose in a gradual manner. All 
curves followed a very similar path, 
but it was only in the sample forged 
to 1.6 strain that a peak flow stress 
was achieved followed by a small 
decline in stress with further strain 
near the end of the test.

Data on the densities of sintered 
and forged specimens as a function 
of the forging strain are shown in 
Fig. 6. After SPS alone, the products 
exhibited a final density of 99.1% of 
theoretical, whereas all forged prod-
ucts were 100% dense. This indi-
cated that all of the forging strains 
considered were equally effective 
in terms of post-SPS densification. 
The effective absence of residual 
porosity was also apparent in the 
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Fig. 6 Final product density as a function of applied forging strain [2]

Fig. 7 Microstructures of Al-0.3Sc-0.2Zr products. (a) as-SPS processed versus counterpart samples isothermally forged 
at 450°C to net true strains of (b) 0.4 (c) 0.8 and (d) 1.6 [2]
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declined was somewhat counter-
intuitive. The authors reasoned that 
micro adiabatic shear bands may 
have formed in forging to the highest 
strain and that these were ultimately 
responsible for the reduction in 
ductility.

Next, the effects of strain rate 
during forging were studied. In this 
stage of the work, SPS processed 
samples were forged to achieve a net 
strain of 0.8, but at differing strain 
rates of 0.01 and 1 s-1. Flow curves 
acquired while forging slugs under 
these conditions are presented in 
Fig. 11. Flow stresses were notably 
higher when using the faster strain 
rate. The initial linear-elastic region 
of the curve for the specimen forged 
at a strain rate of 1s-1 extended to 
appreciably higher stresses. Hence, 
the elastic to plastic transition stress 
was around 48 MPa, compared 
with only 28 MPa when forging was 
carried out at 0.01 s-1. This equated 
to a 42% reduction in flow stress that 
prevailed over the full range of strain 
considered, therefore displacing 
the entire flow stress curve for the 
faster rate well above that for the 
slowly forged counterpart. This was 
largely as expected, since aluminium 
alloys are known to exhibit strain 
rate sensitivity, especially when 
deformation is carried out at elevated 
temperatures.

Tensile specimens were then 
machined from the forged slugs and 
tested. Typical engineering stress-

strain curves are shown in Fig. 12. 
It was noted that the yield strengths 
of the materials forged at 1 s-1 and 
0.01 s-1 were 173 MPa and 147 MPa 
respectively. The UTS was also 
higher in the specimens forged at the 
faster rate while tensile ductility was 
reduced. Microstructural compari-
sons, using optical metallography, 
failed to identify any obvious effects 
of the change in strain rate and, 
therefore, EBSD analyses were 
again carried out (Fig. 13). It was 
evident that the sample forged at 
1 s-1 contained a higher concentra-
tion of subgrains. That forged with 
a strain rate of 0.01 s-1 seemed to 
exhibit nominally coarser grains and 
a higher concentration of HAGBs. 
Combined, these observations 
implied that the material forged at 
the slower rate had experienced a 
higher degree of dynamic recrystal-
lisation. The slowly forged specimen 
would have endured plastic deforma-
tion over a period of time two orders 
of magnitude longer than its rapidly 
forged counterpart. This would 
have exacerbated the propensity 
for recrystallisation consistent with 
EBSD findings. Given that ductility 
was not compromised at the slower 
strain rate it was also concluded 
that the formation of adiabatic shear 
bands had not occurred under these 
forging conditions.

Overall, it was concluded that, in 
the proposed process route, both net 
forging strain and strain rate influ-

enced the tensile properties of forged 
products. Both factors would need to 
be considered when a forged product 
is sought with optimised mechanical 
properties.

Deformation processed Al/
Al2Ca nano-filamentary 
composite conductors

In a move away from transportation 
applications, a paper was presented 
by an Ames Laboratory/Iowa State 
University team, comprising Charles 
Czahor, Trevor Riedemann, Alan 
Russell and Iver Anderson, that drew 
attention to the electrical power 
transmission sector [3].

A 48% increase in worldwide 
energy demand is predicted by 2040, 
which will require expansion of the 
electrical power transmission infra-
structure. Expanded long-distance 
transmission grids are expected to 
make greater use of high-voltage 
direct current (HVDC) transmission. 
Conventional aluminium-conductor 
steel reinforced (ACSR) cables are 
not well suited to HVDC transmis-
sion due to the presence of the heavy, 
poorly conducting steel core needed 
for strength and sag-resistance. 
Al/Ca composite conductors with 
monolithic construction produced 
by Powder Metallurgy and defor-
mation processing have, however, 
shown potential as a next-generation 
conductor for this application.

Fig. 13 EBSD maps recorded from samples forged at (a) 0.01 s-1 and (b) 1 s-1 with the corresponding inverse pole figure 
provided in (c). Both samples forged to a net true strain of 0.8 [2]

POWDERMET2017: PM aluminium alloys
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contained a large number of sub-
grains as is evident in the micro-
graphs. That forged to 1.6 appeared 
to exhibit the smallest grain size 
of all the materials considered. 
However, it was also noted that 
HAGBs were now more prevalent. 
Fundamentally, the refined grain 
size in the forged products would 
have been expected to offer an 
increased yield strength/UTS relative 
to the non-forged material without 
having an overtly negative impact on 
ductility. As this was not the case in 
the measured tensile data (Fig. 8), 
it was thereby inferred that other 
factors were at play. Some level of 
in-situ precipitate coarsening was 
one plausible factor. However, the 
40-fold+ gain in ductility was far too 
excessive to be ascribed solely to 
precipitate coarsening. Therefore, 
the authors postulated that forging 
also instilled an intense disruption 
of the oxide networks that prevailed 
after SPS. This would have led to 
metallic bonding throughout the 
material and the large increases in 
tensile ductility observed.

As noted earlier, a transition in 
tensile properties occurred amongst 
the forged materials when strain 
was increased to 1.6. Here, yield 
strength, UTS, and ductility all 
declined relative to counterparts 
forged to the lower strains of 0.4 
and 0.8. It was postulated that this 
behaviour stemmed from the activa-
tion of dynamic recrystallisation 
when samples were forged to the 
highest amount of strain consid-
ered. Assessment of the EBSD 
results indicated that, as the forging 
strain was increased, the fraction 
of LAGBs (low angle grain bounda-
ries) decreased whereas that of the 
HAGBs increased, particularly for 
grains with misorientation angles 
>30° (Fig. 10), indicating that the 
net forging strain was an important 
factor in the formation of new grains 
and dynamic re-crystallisation. Given 
that HAGBs represent a less potent 
strengthening feature than LAGBs, 
the notable reductions in yield 
strength and UTS when forging to 
1.6 strain were logical. However, the 
observation that ductility had also 
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Fig. 10 Effect of forging strain on the fractions of grain boundary misorientation 
angles present in forged samples of Al-0.3Sc-0.2Zr [2]

Fig. 11 Flow stress curves acquired while forging sintered specimens at the two 
strain rates considered [2]

Fig. 12 Tensile curves for samples machined from pucks forged at strain rates 
of 1 s-1 and 0.01 s-1. Both materials forged to a net true strain of 0.8 [2]
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removing this portion, the rod was 
sectioned into quarters and the can 
material was machined from the 
rod’s exterior. 

The final rod diameter (15.8 mm) 
was reduced at room temperature 
by swaging to 0.690 mm, at which 
point wire drawing was used to 
further reduce it to 0.11 mm. The 
excellent ductility of the compo-
nents in the composite allowed 
all deformation processing to be 
performed without any intermediate 
stress-relief annealing. Various 
sample diameters were retained as 
deformation progressed to study the 
effect of strain on material proper-
ties. The deformation true strains, 
ɳ, in these samples, were calculated 
and are presented in Table 5.

Differential scanning calorim-
etry tests were performed on Al/
Ca (11.5 vol.%) composite wires of 
various sizes in order to identify 
microstructural transformations at 
elevated temperatures. The intent 
of this current study was to trans-
form the reinforcement phase to 
Al2Ca, so it was necessary to identify 
the temperature of this particular 
event for the current formulation. 
Fig. 14 shows the results of DSC 
experiments on three different wire 
samples that had not received any 
heat treatment prior to testing. 
Table 6 shows that the tempera-
ture, at which the Al2Ca event peak 
occurs, is lower for wires with 
greater strain, probably because the 
smaller filament spacing creates a 

shorter diffusion path for the forma-
tion of the intermetallic compound 
and a greater Gibbs-Thomson curva-
ture effect. 

Based on the results from Table 6, 
small pieces of selected wires were 
sealed under argon and heat treated 
in a furnace at 260°C for 420 s. 

The objective was to transform the 
Ca filaments to Al2Ca, but without 
excessive exposure to high tempera-
ture. Such excessive exposure could 
potentially lead to diffusion along the 
interface creating sinusoidal pertur-
bations, giving a ‘string of pearls’ 
morphology. DSC tests were carried 

Table 6 Al2Ca DSC peak maxima for various deformation true strain levels [3]

Fig. 15 DSC curves of Al/Ca wire after heat treatment in comparison with 
untreated samples [3]

Fig. 16 Backscattered electron micrographs of Al/Ca (11.5 vol.%) composite longitudinal cross section at η=9.67: (a) pure 
Ca filaments, (b) Al2Ca reinforcement after heat treatment [3]

η Max Temp (°C)

11.5 264

9.67 269

8.41 269

    (a)           (b) 
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Deformation-processed metal-
metal composites (DMMCs) provide 
an attractive means of producing 
light-weight materials with high 
strength and high conductivity. 
DMMCs can be produced by Powder 
Metallurgy and severe plastic defor-
mation resulting in nano-filamentary 
reinforcement. Both materials in the 
composite must be highly ductile, 
in order to withstand the extensive 
deformation processing without 
fracture. The proposed conductor 
material utilises Al as the primary 
phase and Ca as the secondary 
reinforcement phase, both starting as 
elemental powders. These powders 
are mixed and then deformed into 

submicron thickness filaments with 
extremely high aspect ratios during 
wire drawing, resulting in interface 
strengthening.

A key finding from earlier studies 
of first- and second-generation 
versions of these materials was the 
identification of a transformation of 
the reinforcing Ca phase to Al2Ca 
intermetallic, at temperatures as low 
as 175°C, a temperature sometimes 
reached by transmission conductors 
during periods of heavy electrical 
demand.

The purpose of the reported study 
was therefore to examine the effect of 
intentionally converting the rein-
forcement phase to an intermetallic 

to produce a material with high-
temperature stability while retaining 
the superior performance properties 
shown in the prior generation mate-
rials. A reduced initial volume loading 
of Ca was necessary to compensate 
for volume expansion during trans-
formation and an expected increase 
in resistivity. A formulation with 
11.5 vol.% Ca was chosen, with the 
aim of producing a composite with 
18 vol.% Al2Ca, found in the previous 
research to be a desirable DMMC 
reinforcement fraction.

An Al/Ca conductor sample 
was prepared from metal powders 
produced at Ames Laboratory. Al 
powder with 99.99% purity was 
produced by a gas atomisation reac-
tion synthesis process with sizes of 
45-75 µm being used. Ca of 99.5% 
purity was made by centrifugal 
atomisation with a rotating quench 
bath, a system specifically designed 
for producing fine Ca powders. The 
size range of the Ca powder used in 
this study was 75-125 µm (D50 = 111). 
Powders were weighed, mixed 
and die compacted into cylindrical 
compacts with a green density of 
83.8% of the rule of mixtures value, 
in close agreement with the expected 
compressibility of Al powder. The 
compacted powder pucks were 
stacked in a pure Al (1100-H14 alloy) 
can with outer diameter 90.7 mm, 
inside diameter 78 mm and interior 
height 196.8 mm.

The can was wrapped in heating 
tape to warm it to about 200°C as it 
outgassed under vacuum (10-6 torr) 
and then sealed by electron-beam 
welding. Indirect extrusion was 
performed at the TU Berlin Extrusion 
Research and Development Centre 
at a temperature of 285°C with an 
exit die diameter of 21 mm, giving 
an effective extrusion ratio of 14.9 
when accounting for the porosity and 
void space present in the billet. A rod 
with a length of approximately 275 
cm was produced and returned to 
Ames Laboratory to undergo further 
deformation. Ultrasonic inspec-
tion of the tail section was used to 
identify the point at which there was 
no longer material from the extru-
sion can in the core of the rod. After 

Diameter (mm) η

2.97 6.11

2.16 6.74

0.94 8.41

0.50 9.67

0.40 10.1

0.31 10.6

0.20 11.5

0.11 12.7

Table 5 Wire sizes and strain levels for study of third generation Al/Ca wires [3]

Fig. 14 DSC curves of Al/Ca (11.5 vol.%) wires with various deformation true 
strain levels [3]
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Fig. 19 Tensile strength of Al/Ca (11.5 vol.%) and Al/Al2Ca (18 vol.%) with Hall-
Petch model fitting [3]

Fig. 20 Tensile strength of Al/Ca (11.5 vol.%) and Al/Al2Ca (18 vol.%) with true 
strain adjustment [3]

Table 7 Commercial overhead transmission cables [3]

subjected to the greatest level of 
deformation in this study (η=12.7), 
the measured drop in conductivity 
was less than 1%. The authors 
concluded that this minimal 
decrease in conductivity is a worth-
while sacrifice in exchange for the 
high-temperature stability that the 
intermetallic phase provides. With 
complete transformation to Al2Ca, 
the composite conductor material 
will have an increased upper use 
temperature, making it resilient 
even during emergency overloading 
situations.

Shown in Fig. 18 are representa-
tive stress-strain curves for Al/Ca 
(11.5 vol.%) and converted Al/Al2Ca 
(18 vol.%) composites from tensile 
testing of 0.2 mm wires (η=11.5). It 
is evident from these tensile test 
curves that samples with inter-
metallic reinforcement fibres have 
superior strength to unconverted 
wires for this given level of defor-
mation true strain. These trends are 
also representative of other wire 
sizes, which showed very similar 
behaviour with increasing strength 
and apparent retention of ductility.

Fig. 19 shows the exponential 
relationship between deformation 
true strain and UTS for as-drawn 
and converted wire samples at 
various strain levels, in comparison 
with other conductors that would 
be suitable for HVDC transmission. 
The existing commercial wire types 
used for comparison are defined in 
Table 7.

The influence of filament size 
and fractional loading suggests that 
interfacial area plays a major role 
in strengthening the composite. 
Study of early DMMCs has shown 
that interphase boundaries act 
as barriers to dislocation glide, 
leading to interface strengthening. 
This causes strength to increase 
sharply at high strains and has 
been successfully modelled using a 
modified Hall-Petch barrier model 
for previous Al/Ca composites. 
Based on measurements of fila-
ment thickness, the dependence 
on true strain was assumed to be 
ideal and, using the calculated 
thickness and the measurements of 

UTS, Hall-Petch relationships were 
determined for both as-drawn and 
transformed wires, respectively:

UTS (as drawn) = -10.7 + 148.0t-1/2

UTS (transformed) = 23.3 + 146.8t-1/2

ACSR Aluminium Conductor Steel Reinforced

ACCC Aluminium Conductor Composite Core-CTC Global©

ACCR Aluminium Conductor Composite Reinforced -3M©

ACAR Aluminium Conductor Alloy Reinforced

The evident strengthening effect 
from the conversion of the rein-
forcement phase to intermetallic 
was expected due to the increase in 
interfacial area upon volume expan-
sion of the filaments. However, when 
compared to Al/Ca (20 vol.%) and Al/

POWDERMET2017: PM aluminium alloys
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out on the wires that underwent 
a flash heat treatment to confirm 
the completion of reinforcement 
phase transformation, seen in the 
suppression of the exothermic peaks 
as shown by Fig. 15. These results 
indicate that the smaller wires were 
fully transformed while the largest 
sample still contained trace amounts 
of pure Ca in the reinforcement 
filaments. After transformation to 
intermetallic reinforcement, the wire 
microstructure becomes more stable, 
making it resilient (highly resistant 
to Joule heating effects), even during 
emergency overloading. These DSC 

results were used in conjunction with 
microstructural analysis to deter-
mine an appropriate heat treatment 
schedule for the array of wires to be 
used for further testing.

With conversion of Ca filaments to 
Al2Ca, the microstructure undergoes 
changes that have a direct impact 
on the performance properties of 
the material. Fig. 16 shows evidence 
of a change in the reinforcement 
filaments in the longitudinal direc-
tion. The Ca second phase displays 
a long continuous morphology with 
nearly uniform thickness. One critical 
concern with the heat treatment 

process is spheroidisation which 
can lead to the breaking of fila-
ments and consequent degrada-
tion of mechanical and electrical 
properties. Based on micrographs 
at various strain levels, it appears 
that this did not occur and that the 
filaments remained intact. During 
swaging or drawing, the filament size 
decreases exponentially by a factor 
directly related to the reduction in the 
overall wire cross section. Filaments 
are able to deform with a consistent 
thickness since Al and Ca have 
almost equal flow stresses, avoiding 
problems with a softer phase flowing 
around a harder second phase. Fila-
ment size and spacing are critical 
parameters that affect the perfor-
mance of DMMCs and allow compar-
ison of small lab scale specimens 
with potential full-size extrusions 
on the basis of true strain. DSC and 
microstructural studies confirmed 
that the transformation was 
complete but not excessive, enabling 
the study of modified performance 
properties.

Fig. 17 shows the results of 
conductivity measurements on 
both unconverted wires and those 
that have been transformed at 
various strain levels. The error bars 
shown include the propagation of 
all relevant measurement errors, 
including wire size, making the value 
for smaller wires less certain. At 
low strain levels the conductivity is 
very close to the rule of mixtures 
prediction for the given formula-
tion, since current flows across the 
entire cross section and the filament 
size is significantly larger than the 
mean free path of electrons. Previous 
studies of the numerous scattering 
mechanisms in DMMCs have shown 
that reducing the filament thickness 
and spacing results in an increase in 
interface and grain boundary scat-
tering that reduces the conductivity 
of the material. These mechanisms 
have been shown to exist in previous 
generations of Al/Ca composite and 
are clearly present in this study. The 
effect of the transformation of the 
filaments to Al2Ca on conductivity is 
evident, but the reduction in the value 
was found to be small. For the wires 

Fig. 17 Electrical conductivity of third-generation Al/Ca (11.5 vol.%) composite 
before and after transformation of filaments to Al2Ca intermetallic at various 
strain levels [3]

Fig. 18 Stress-strain curves for 0.2mm (η=11.5) Al/Ca (11.5 vol.%) and Al/Al2Ca 
(18 vol.%) [3]
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Ca (11.5 vol.%), it appears that the 
conversion of the filaments to Al2Ca 
rather than Ca has little effect, and 
that the volume of reinforcement 
is the dominant factor. The curves 
for these wires have a very similar 
shape and differ by an offset for 
most strain levels. This comparison 
of as-drawn and transformed wires, 
however, fails to account for the 
impact of volume expansion on the 
effective true strain. Heat treatments 
are likely to reduce dislocation 
densities to low values. Measure-
ments of the wire cross-section from 
SEM micrographs for various wire 
sizes indicate that the expansion 
of filaments does not appreciably 
change the overall dimension. The 
consequence of this finding is that 
the calculated filament thickness 
needs to be adjusted by a factor 
related to the volume expansion of 
the filaments. By implementing this 
change, the effective true strain is 
reduced and the measured strength 
values are shifted to the left, as 
shown in Fig. 20.

The main outcome from this 
analysis of tensile strength is that 
Al2Ca is a more effective reinforce-
ment material than pure Ca. At 
high effective true strain levels 
(η>11), Al2Ca reinforced composite is 
expected to be stronger than Al/Ca 
wires containing a greater reinforce-
ment fraction. Further study of the 
material properties of the Al2Ca 
compound is necessary in order to 
make use of more advanced model-
ling techniques that incorporate the 
individual contributions from each 
phase to predict the strength.

At this stage of the research, 
the authors’ overall conclusion 
was that Al/Al2Ca composite wires 

show promise in exhibiting strength 
superior to current cable technolo-
gies, combined with high electrical 
conductivity, low density and high 
temperature performance, making 
them excellent candidates for use as 
HVDC transmission conductors.
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