
Metals Technology

Materials science of metals; physical metallurgy and engineering properties

• Alloy development 

• New metallic materials;  for ex. High entropy alloys

• Novel materials for engineering; TRIP-assisted alloys, Quench & Partitioning (Q&P) alloys, Press Hardening Boron 

Steels (PHS), Complex Phase (CP) Steels, TWIP-steels

• Property optimization: Phase transformations, precipitation, hardenability

• Heat treatments

• Novel heat treatment methods

• Heat treatment of printed components

• Case hardening, bake hardening, Q&P treatment 

• Tools steels, automotive grades, aluminium

• Phase transformations

• Fabrication and joining methods

• Forming of thin sheet; Deep drawing, Hole expansion of steel

• Welding metallurgy: Steels, Aluminium, Ni- and Co-base alloys

• 3D printing of metals 

AlCoCrCuFeNi -HEA
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Manufacturing of steel materials
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Composition Casting
Heat-

treatments
Forging and 

rolling

Strength Hardness Toughness
Corrosion 

resistance
Weldability

Microstructure



Heat-treatment of steel materials
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Stronger
material

More durable
material

Longer
service life

Adjustable properties:

• Mass

• Strength

• Hardness

• Toughness

• Formability

• Machinability

• Etc.

Hardness Impact toughness

Strength Fatigue strength



Heat-treatment of steel materials

•Changing of the steel
microstructure:
• Minimizing the amount of suboptimal

phases

• Minimizing the internal stresses
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Quench and tempering process

•Effect of austenizing and quenching:
• Formation of martensite by quenching austenite

• Minimizing internal stresses by optimal quenching
arrangements

• Minimizing the amount of retained austenite by
cryo-quenching

28.10.2019Sakari Terho |  7

Multiple temperings:

Start 1st     2nd    3rd

Untempered

martensite

Tempered

martensite

Retained

austenite

•Effect of tempering:
• Partition of carbon from martensite to austenite

• Elimination of ”fresh” martensite

• Choice of conducting tempering multiple times



Quench and partition process

• Steel with high 
strength

• Highly formable 
steel

•→ automotive 
industry
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Production of multi-phase steel 

consisting of stabilized 

austenite and tempered 

martensite:

Successor to TRIP-steel

Unfinished martensite 

transformation, 

followed by 

stabilization of 

austenite



PROJECT:
Manipulation processes for steel materials

MISSION: Development of expertise in the
manufacturing of steel components
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METHOD: Investigation on the optimization of 

heat-treatment processes



Optimization of heat-treatment processes

Requirement-based material selection

Modification of heat-treatment
parameters

Fulfilment of property requirements
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Hardness

Strength

Impact 
toughness

Fatigue
strength



Research tasks:
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•Simulation of the microstructures 
and properties with JMatPro® -
program
• Calphad-simulation
• Testing of the JMatPro® program

• Conventional testing of steel grades
• Changing of the heat-treatment parameters

• Austenization temperature
• Quenching medium and -temperature
• Tempering temperature and -time

• Microstructure analyses and testing of the 
properties



Results so far…
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Conducting austenizing and 

quenching in different methods:

Component position, loading rate and 

location greatly affects spreading of the

properties

Optimization of heat treatment

process for a component:

Tempering temperature should be

increased OR steel grade should be

changed

Creation of a microstructure

library:

Archiving essential information, and to 

ease the analysis and comparison of 

process parameters



Microstructure library
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JMatPro®: Effect of tempering temperature
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Vickers hardness Yield strength Impact toughness

Conducting simulations of heat-treatments

Comparing them to practical tests



Next steps…

• Precise manufacturing of ultra high strength
tempering steels
• Great quality must be guaranteed

• Scattering of mechanical property values is not allowed

• Investigation on the other possible sources of the
scattering
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Intelligent manufacturing, intelligent material
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Thank you

for your attention!


