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 Selective electron beam melting   
 
 Process strategy   Microstructure, composition, homogeneity 
 
 Prospect of material homogeneity for alloy development  

Content 
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Additive Manufacturing with an e-Beam 

Arcam   

vacuum 

Hochgeschw. Kamera, 
Thermokamera 

100 µm Strahl,  
auch bei 3 kW 

Hochtemperatur 
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2. Heating  T > 1000 °C 
 

3. Selective melting 

1. New powder layer 

~ 300 – 
1100°C 

  

Layer thickness: 50 -100 µm 

SEBM 
4. Lowering of the platform 

Process Cycle 
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Process 
simulation 

Components 

SEBM 

Materials  

Etc. CMSX-4 

TiAl 

Additive Manufacturing SEBM 

Cu 

Ti-6Al-4V 

FeAl 
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Time – Temperature - History 

 Evaporation, also selective 
  
 High supersaturation  

 
 Different microstructure 

within the as-built state  
 

 High peak temperatures >> Tm 
 

 Very high cooling rates 
 

 In situ heat treatment 
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•  In situ heat treatment: 
        - homogenization               
        - agening 
        - precipitation columns  
 

•„Directional“ solidification:  
        - epitaxial growth 
        - texture  
 

•  Rapid Solidification 
         - fine microstructure 
 

Microstructure:  
directional, rapid solidified, aged 

Numerical simulation for a 
better understanding  
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Hydrodynamics 

Material Consolidation 

Alloy or process 
development? 
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P = 594 W, v = 2.2 m/s, l = 150 µm P = 627 W, v = 8.8 m/s, l = 37.5 µm 

Process strategy   Grain structure 

Same energy 
input but 
different 
hatching 
strategies 

In718 
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P = 594 W, v = 2.2 m/s, l = 150 µm P = 627 W, v = 8.8 m/s, l = 37.5 µm 

Grain Growth - CET 

Classical 
CET theory 
fails! 

In718 
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Effect of direction changes  

columnar polycrystaline 

Direction 
changes 
provoke 
nucleation 
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[Helmer et al. Mat. Sc. & Eng. A (2016)   

     
    
    

In718 

Microstructure not only determined by  
- solidification velocity 
- temperature gradient and  
- alloy composition  
but also by the processing strategy.  

Manipulation of the texture 

     
    
    

Processing strategy: Local influence 
Changing the alloy: Global influence 

Polycrystalline parameters + change 
hatching direction after 10 layers 
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Hydrodynamics 

Material Consolidation 
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Ti-6Al-4V 

Selective Evaporation 

Volatile elements such as Al or Zn  

Composition depends on the processing strategy! 

Optical Emission 
Spectrometry, OES 
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Selective Evaporation 

Global reduction of Al  + 
strong local variations  

Ti-48Al-2Cr-2Nb 

• Local variation of the 
phase composition 

• Local variation of transus 
temperatures 
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1 mm 
[Klassen et al. Conference iCat (2014)]  

Ti-48Al-
2Cr-2Nb 

15
 m

m
 

15
 m

m
 

P = 600 W 
v = 3 m/s 
l = 200 µm 

P = 600 W 
v = 24 m/s 
l = 25 µm 

Constant energy 
input but different 
processing strategies 

Simulation of Selective Evaporation 

P = 600 W 
v = 4 m/s 
l = 150 µm 

P = 600 W 
v = 6 m/s 
l = 100 µm 

P = 600 W 
v = 12 m/s 
l = 50 µm 
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[Klassen et al. Conference iCat (2014)]  

Ti-48Al-2Cr-2Nb 

P = 600 W 
v = 4 m/s 
l = 150 µm 

P = 600 W 
v = 24 m/s 
l = 25 µm 

Evaporation 

Experiment Simulation 
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Prospects of homogeneity   

 High homogeneity   new alloys  
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Additive Manufacturing: 
Rapid solidificaton  Conventional Investment Casting 

x  100 

Design freedom, complexity, short lead 
time, etc.  

Processing of Ni-base Superalloys 
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Additive Manufacturing: 
Rapid solidificaton  Conventional Investment Casting 

x  100 

• Technological advantages: Easier and faster heat treatment 
• Better material properties expected 
• Metallurgical limitations vanish  new alloys possible 

Processing of Ni-base Superalloys 
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7,5 µm 

4 min, 1320°C 
+ aging at 1140°C 2 h and 870°C 20 h  As-Built 

Completely 
homogenous 
microstructure! 
New! 

Heat Treatment: Homogenization + Aging 
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Additive Manufacturing: 
Rapid solidificaton  Conventional Investment Casting 

x  100 

• Technological advantages: Easier and faster heat treatment 
• Better material properties expected 
• Metallurgical limitations vanish  new alloys possible 

Processing of Ni-base Superalloys 
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Local variation of the composition  Variation of Tm    Danger of local melting!  
 

Heat Treatment Window CMSX-4 

Thermocalc 

  homogenization 

Source: Dissertation Rettig, Erlangen 
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Summary 

 High supersaturation due to Tmax  >> Tm und dT/dt 

 Processing strategy Grain structure 

 Selective evaporation can be prevented by an adapted strategy  volatile 

elements  

 Extreme homogeneity overcomes limitations of classical melt metallurgy 
 

Alloy development and process development  
have to be strongly coupled!  
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Thank you! 

EU 
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