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An Introductory Lecture

EuroPM2017, Milan, October 2, 2017, 14:00-15:30

This short lecture covers impor-
tant key topics of Powder Metal-
lurgy. It has the target to give
people with no PM background Dr. Volker Arnhold
a good basic understanding of
the many materials, processes
and applications PM is offering Wuppertal, Germany
today. The prime drivers are
exclusive materials (captive),
special alloys, microstructures

and designs (unique) and com- s Porca Captcunond
petitive reasons (economic). ASH Handook el 7. PowerMealbrgr 3
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Dr. Volker Arnhold
Powder Metallurgy Solutions
Wuppertal, Germany

(volker@arnhold-pm.de)

Born 1949 in Wuppertal, Germany
Diploma Physics + PhD at WWU Munster, Institute of Metal Research

31 years engaged in Powder Metallurgy starting at the Krebsdge Group 1981 and from 1997 i 2012 at GKN Powder
Metallurgy

Responsibilities: Technology-Management, R&D, Quality, Health and Safety, Innovation Management ......

Topics / experiences: Materials research, full process chain of press / sinter / forge / MIM, spray compaction
(Aluminum), gear rolling, metallic filters, integration of CAD systems, modeling, simulation and testing (parts and
processes), furnace and press technologies (incl. tool production)

Materials: Steels, tool steels, super alloys, aluminum, MMCé
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Most videos, shown in this presentation, can be found on YouTube
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Methods for the Processing of Metal Powders ~
to high / full Density EPMA

Definition of Sintering (1ISO):
Sintering is the thermal
treatment of a powder or
compact, at a temperature
below the melting point of the
main constituent, for the
purpose of increasing its
strength by the metallurgical
bonding of its particles.
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Powder Forging

(via Press and Sinter)

Applied pressure
Yield strength

01§

HIP

0.01}

Additive

Press, MIM, 3D Print and Sint Manufacturing

u [
Room Temperature Meiting
temperature temperature

d
Q
-
=
@)
Q
s
~—~~
=
al
~—
>
@)
—
=
©
)
)
=
@
O
=
o
al

ASM Handbook, Vol. 7, Powder Metallurgy1p.
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Why using PM Technology?

Y
&" eurcpean powder metallurgy association

Properties:
The material 1

. cannot be manufactured by any

other method:
e.g. hard metals, magnets,
refractories, porous structures...

. achieves via the specific PM-

processes, e.g. powder
production (rapid solidification
or mechanical alloying),
properties, which may be
destroyed by applying
conventional processes
(temperatures, deformation,
times). PM-processes are able to
maintain a good portion of the
special properties.

1.

Geometry:

PMis i
the alternative with the superior
economical advantages
compared to the conventional
production processes
(machining, cold / hot forming,
castingé) by applyin
processing (e.g. MIM, net shape
compaction (axial, CIP or HIP...)).

Capable, as a net shape process,
to generate geometries, which
cannot be manufactured by other
methods at all (This holds
especially for Additive
Manufacturing / 3 D Printing).
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Why using PM Technology?

Properties: Geometry:
The material - PMis —
1. cannot be manufactured by any 1. the alternative with the superior
other method: economical advantages
e.g. hard metals, mag pared to the

ceramics, porous str

(mnchlnlna.rcold 1 hot forming,

special properties.

EPMA

¥ european powder metallurgy association

Captive
Refractory
Reactive

casting...) by applying net shape
2 ;mf‘.‘:‘mc M= processing (e.g. MIM, net shape

production (rapid solidification compaction (axial, CIP or HIP...)).
or mechanical alloying), 2. capable as a net shape process to
properties, which may be generate geometrles, which
destroyed by applying cannot be manufactured by other
conventional processes methods at all (This holds
(temp fi pecially for Additive
times). PM-processes are able to Manufacturing / 3 D Printing).
maintain a good portion of the

Economic
Cost
Precision
Productivity

Unique
Alloys and
compounds
Microstructures
Composites

|deal application
(example: porous capacitors)

ASM Handbook, Vol. 7, Powder Metallurgy, p. 9



Material and Energy Considerations

The better alternative
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Courtesy Kobe Steel
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Material and Energy Considerations

Competitive Analysis |: Material Utilisation

Process Material Utilisation

PM N —

Extrusion

Forging

Chip Machining

[100% 75% 50% 25% 0%

PrimaryYield Losses
SecondaryYield Losses
FinishingYield Losses
Raw Material Utilisation
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EPMA, Vision 2025, p. 7, www.epma.com
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Press and Sinter



Material and Energy Considerations

The better alternative
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Material and Energy Considerations

vachinng
g e ———
g .
Powder F Press|and Sinter
Metallurgy
0 4 8 12 16

kWh/kg

A These values include the energy consumption for the production of the

raw materials (powder, steel, ingot)

A The numbers are based on public domain data (e.g. industry reports)

and individual studies in literature

AA generally valid comparison is nearly impossible without focusing on
specific components i the scatter between the processes and different

operations is high

Vladislav Kruzhanov, Volker Arnhold, Energy Consumption in PM Manufacturing,
Powder Metallurgy, 2012 vol. 55, p. 14
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Energy Consumption in different PM Operations &EPMA

g (GKN Sinter Metals i 26 operations)
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DO_ Special processes / materials lead to the very high range: «'5“#
MI M, Powder Forging, Filters, Al uminum, Bronze,

12

Vladislav Kruzhanov, Volker Arnhold, Energy Consumption in PM Manufacturing,
Euro PM2011, Barcelona, October 10
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Key PM Developments

Table 1 Major historical developments in powder metallurgy
Ihate Develogment Oirigin
3000 B “Sponge iren” for making tools Egypt, Africa, India
1200 A Cementing platinum grains south America
{Incas)
1781 Fusible platinum-arsenic alloy France, Germany
1740 Production of platinum-arsenic chemical vessels commercially Frunce
1822 Platinum powder formed inte solid ingot France
1526 High-temperature sintering of platinum powder compacts on a commercial basis Bussia
1829 Wollaston method of producing compact platinum from platinum sponge (basis of  England
modemn P technigue )
1830 Sintering compacts of various metals Europe
1854 Platinum fusion process
1870 Patent for bearing materials made from metal powders (forerunner of self-lubricating  United States
bearingsy
TETE- 1900 [neandescent lamp filaments United States
19151930 Cemented carbides Germany
Early 19005 Composite metals Umited States
Parous metals and metallic filters United States
1492 0s Self-lubricating bearings {used commercially) United States
154 s [ron powder technology Europe
14950 and 1960s  Powder metallurgy wrought and dispersion-strengthened products, including powder  United States
forgings
1497 0s Hot 1sostatic pressing, P tool steels, and superplastic superalloys United States
15k s. Bapid solidification, powder injection molding technelogy, and binder-treated United States and
ferrous premizes Europe
158 s, [ntermetallics, metal-matrix composites, spray forming, nanoscale powders, water-  United States, United
atomized prealloyed ferrous powders with molvbdenum as the principal alloving Kingdom
element, and warm compaction
2000 Warm-die compaction, additive manutacturing (3-D printing ) on a commercial basis  United States and
Europe

EI:’MA

¥ european powder metallurgy association

ASM Handbook, Vol. 7,
Powder Metallurgy, p. 3
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Key PM Developments (1826-1865) Eecrnva
Sintered Platinum Coins in the 19th Century Ph@!‘ggs

Economic

Cost
Precision

From 1826 until 1865 ree
14.500 kg of platinum were ‘A’
used for the production of o s Nlorsang

compounds
Microstructures
Composites

Reacy

ruble coins by pressing and
sintering in Russia.

Ideal application
(example: porous capacitors)

Source: Kieffer Hotop (1943)
Piersig (1989)
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W. J. Huppmann The Historical Roots of European Powder Metallurgy
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Key PM Developments (1878-1900)
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