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WHAT IS A MICROSTRUCTURE?
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WHAT IS A MICROSTRUCTURE?

Forged Ti-6Al-4V



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y

MICROSTRUCTURE RULES PROPERTIES!
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“Extraction-to-recycling loop” – increase user 
phase by increasing material performance

Strength

Ductility

Wear

Fatigue

Weldability

Formability

Corrosion

Creep

…

S. Jacobson, U. Wiklund, J. Hardell, R. Larsson, Tribology and the case for an Elliptical economy, 24th International Conference on Wear of Materials, 2023, 16-20 April, Banff, Alberta, Canada
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EXAMPLE 1: IRON ORE PELLET PRODUCTION
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KK4, LKAB, Kiruna Rotary Kiln, 1350°C. 
Length:  40 m. Diameter:  6.5 m
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KK4, LKAB, Kiruna, 
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EXAMPLE 2: JET ENGINES
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Ti-6Al-2Sn-4Zr-2Mo
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50nm

IMPROVING HIGH TEMPERATURE PROPERTIES

10 µm

100 nm
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50nm
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10 µm
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STEM SEM
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MANUFACTURING INFLUENCES MICROSTRUCTURE
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THERMOMECHANICAL PROCESSING – PRESS HARDENING

Conventional quenching and tempering (Q&T)

Austenitization

Tempering

T(°C)

t (s)

180°C 
200°C 
250°C

300°C 

2, 5, 10, 15 min

30s, 2, 5, 10 min

Oil quench Air cooling

900 ~

20 ~
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HEAT TREATMENT INFLUENCES MICROSTRUCTURE

100C 150C 300C
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ULTRASONIC TREATMENT
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107 times lower
energy use!



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y

ADDITIVE MANUFACTURING
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Challenges:

• Anisotropy and texture

• New microstructural
features

• Alloy development

• Fatigue properties
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OUTLOOK

• New processing methods

• New alloys

Still a lot to explore!
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Manufacturing

Micro-
structure

Properties
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