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HTS – The Project: Cost considerations – Driver for HTS
• The typical alloying elements in PM parts production are Cu, Ni, Mo.
• These alloys can be handled well in the standard continuous belt furnaces, which are the
working horse in parts manufacturing industry.
• The prices for these metals fluctuated over the past 15 years significantly:
Ni: 7 – 30 €/kg, Mo (Mo-oxide): 9 – 60 €/kg, Cu: 2 – 7 €/kg
• Caused by the high content Ni is a prime driver for the total alloy cost.
• Since a couple of years the metal cost impact has been covered by material surcharge
agreements with the customers. So the risk of the PM-suppliers has been reduced.
• Caused by the fast growing electrification efforts (batteries), the need for Ni in these
applications increases dramatically (see next page) and will cause most probably a strong
increase of Ni-price in the near future.
• Target is to avoid or reduce Ni as alloying element in PM parts!
• Example: A price increase of Ni to 50 €/kg results in a cost for metal (base LME) in the
range of the today’s powder price.
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HTS – The Project: Cost considerations – Development of Ni-Markets
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HTS – The Project: HSE Considerations – Driver for HTS
• Ni is THE problem metal for PM parts production.
• The limits for Ni powder (‘dust’) handling are in the range of 0.05 – 0.03 mg/m3

• Measurements have shown, that these limits normally mean personal protection equipment (PPE) in
the field of powder production / processing.
• By applying strict housing of presses and systematic avoidance or reduction of dust, PPE could be
avoided so far in parts production (but the above 0.03 limit has been just recently introduced in
Germany, so we have to wait for the latest measurements).
• All these measures are obviously leading to processing cost increases.
• If we would reduce or avoid Ni, life would become much easier!
• HTS allows to use much cheaper alloy systems, without HSE restrictions.
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HTS – The Project: Project Scope
• Reference alloy: Fe Ni4 Cu1.5 Mo0.5, diffusion alloyed (Distaloy AE), sintered at
1120°C, N2/H2.
• Tests of alternative materials, sintered at 1180°C and 1250°C (also under mixed gas) in
industrial sintering furnaces at different sites:
•
•
•
•

HAB:
HAB:
HC:
HC:

Fe Cr3 Mo0.5 (Astaloy CrM)
Fe Cr1.8 Ni2 (Astaloy CrA + 2%Ni)
Fe Si0.8 V0.2 (new alloy)
Fe Cr1 Ni1 Mo0.8 Si0.6 (Ancorsteel 4300)

Ni-free
Ni-reduced
Ni-free
Ni-reduced

• Test geometries: bars and rings
• Measurements:
• Static mechanical properties
• Dimensional behavior (shrinkage and related scatter)
• Geometrical characteristics
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Results
• Static Mechanical Properties:
• HTS improves the measured mechanical properties of all materials (no surprise).
• All alternative alloys show better properties after HTS than the reference material sintered at
1120°C, as commonly used in PM industry to make high performance parts.

• Dimensional and geometrical behavior:
• All materials shrink and show different shrinkage at HTS (no surprise).
• The scatter of shrinkage is in all cases very small and very similar.
• No part distortion is caused by HTS
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Conclusions
• The results collected in this project give a very strong indication that the alloys, which are
much cheaper than the today’s Ni containing materials, are capable to achieve the
necessary mechanical properties, by applying high temperature sintering.
• The collection of the data for dimensional behavior shows that industry will be able to
apply such low cost materials via robust processes. Obviously still more data has to be
collected. Publications of companies (GKN, SEI, see below) confirm the statement with
real parts information.
• As the dimensional behavior is different between all alloys, we are not able to do a ‘drop
in’ replacement of the today’s materials by using existing tools. But for new parts it is a
viable solution.

GKN
SEI
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Next steps
• It would make sense to decide for 2 alloys and make additional tests for the collection of
further mechanical properties (including dynamic data and impact tests).
• It would be also very useful to produce parts in an existing tool and compare the
dimensional behavior to the existing data (different absolute value, but the determination
of scatter is important).
• The evaluation of the processing costs (capex and running costs) has to be analyzed.
• These topics could be the content of a follow-up project or internal studies.
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