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Friction (Stir) Extrusion process (FSE/FE):

Material

A A solid-state materials processing technology uses a non-consumable die to produce extrudates.
A Friction between the die and material produces extensive plastic deformation and generates
frictional heating to plasticize the materials.

A The softened material is extruded through the die under severe plastic deformation.
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Friction Extrusion process:

Process characteristics:

A Solid state material processing:  low processing temperature, 0.8 T metting (°K)-

A Low energy consumption:  no external heating, intrinsic frictional heating, low extrusion force.

A Able to process different feedstock materials:

Solid Machining T

chips

A Produce material with advanced properties.
A Feasibility demonstrated for processing various metals :
Al alloys (2000, 5000, 6000, 7000), Mg all

A Green technology : high efficiency process (less material loss) and low carbon emission
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Friction Extrusion process:

A Able to produce various extrudates : circular, square, hollow structure, profile.
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Max force : 1000 kN
Max Tailstock Velocity : 305 mm/min
Rotation Speed Range : 0-1000 RPM

Two-Speed Spindle

- 1st Gear Torque : 3561 Nm @ 25 to 134 RPM
- 2nd Gear Torque : 937 Nm @ 50 to 510 RPM
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Friction Extrusion

of Solid, Powder A

and chips
Materials



Feedstock Material
Chips 7 Powder - Solid

a.

Extrusion force < 19 kN

b.
Extrusion force > 19 kN
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Feedstock Material
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Microstructure evolution during Friction Extrusion
Bulk AA7075
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Microstructure evolution during Friction Extrusion
Bulk AA7075
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Feedstock Material

Powder

Compacted
powder

Chan CYC, Rath L, Suhuddin UFH, Klusemann B, Friction extrusion processing of aluminum powders:
AA 7075 powder Microstructure homogeneity and mechanical properties, Materials Research Proceedings. 28 2023) 515-522. .

DOI: https://doi.org/10.21741/9781644902479-56
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Feedstock Material

Powder

Cross section

mode | mag FH pressure spot WD HFW 30 pm
All 2000x |3.27e-4Pa | 40 | 9.8 mm | 104 ym | WMP - HEREON
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Microstructure homogeneity and mechanical properties, Materials Research Proceedings. 28 2023) 515-522.
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Feedstock Material

Powder
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Chan CYC, Rath L, Suhuddin UFH, Klusemann B, Friction extrusion processing of aluminum powders: hereon
Microstructure homogeneity and mechanical properties, Materials Research Proceedings. 28 2023) 515-522.
DOI: https://doi.org/10.21741/9781644902479-56
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Friction Extrusion for Recycling Materials

Solid -state recycling

Collecting 4l Collecting o Collecting
chips ' chips chips
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Recycling Material
AA6082 Machining Chips
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Lathe machine compaction

GP Ignacio, LR Rath, Uceu F.H. Suhuddin, B. Klusemann, Friction extrusion from AIMgSi machining waste at high
extrusion ratio, Materials Research Proceedings 54 (2025) 735-744. https://doi.org/10.21741/9781644903599-79

- Length: 18.7 m
- Wire diameter: 1.5 mm
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Extrudate - Wire
Chips

From material characteristic, the wire is
divided to 3 segments:

0 1stsegment: 17 9m

o 2"dsegment: 97 15 m

o 39segment: 157 18 m

Chips, 1.5 mm

GP Ignacio, LR Rath, Uceu F.H. Suhuddin, B. Klusemann, Friction extrusion from AIMgSi machining waste at high
extrusion ratio, Materials Research Proceedings 54 (2025) 735-744. https://doi.org/10.21741/9781644903599-79



