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Outline I 
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Powder Production Methods: 
Å Mechanical 

ü Disintegration without phase change 
Á Machining 

Á Mechanical communition (milling) 

ü Disintegration with phase change 
Á Atomization techniques 

Å Chemical & electrochemical methods 
ü Chemical reduction 

Á Ore reduction 

Á Thermal decomposition (carbonyl powders) 

Á Hydrometallurgy 

Á é 

ü Electrolytic reduction 
Á Precipitation from aqueous solutions 

Á Melt electrolysis 

 



Outline II 
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Powder Characterization: 
Å Physical properties 

ü Size 

ü Shape 

Å Chemical properties 
ü Chemical composition 

ü Phase distribution 

ü Processing properties 
ü Bulk:  

Á Density (Tap, Apparent), Flow, Fillability, Segregation 

ü Pressed: 
Á Density (Green), Strength (Green), Compressibility 

ü Sintered 
Á Mechanical properties 

Á Chemical properties 

Á Tolerances 

Á Appearence 

 

 



Powder Production Methods ï Mechanical   
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Disintegration without phase change 



Machining   
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J. B. Mann et al. / Scripta Materialia 57 (2007) 909ï912 

Al 6061-T6 particulate produced by Modulated 

Assisted Machining 



Mechanical communition 
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Manufacturing, Engineering & Technology, 5th Ed., Kalpakjian, Schmid. 

ISBN 0-13-148965-8. © 2006 Pearson Education, Inc. 

roll crushing                                  ball mill                                       hammer milling 

Å Frequencey of rotation 

Å Diameter of the mill 

Å Size of the mill balls 

Å Proportion of material/mill balls 

Å Degree of filling of the mill 



Powder Production Methods ï Mechanical   
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Disintegration with phase change 



Powder Production Methods ï Mechanical   
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Disintegration with phase change - Atomization 

Manufacturing, Engineering & Technology, 

5th Ed., Kalpakjian, Schmid. 

ISBN 0-13-148965-8. © 2006 Pearson 

Education, Inc. 



Water atomization 

Powder Manufacturing & Characterization | EPMA Summer School, June 2016 9 |  

Atomization process variables: 

Å Temperature and amount of superheat of the 

molten metal (composition) 

Å Water/metal ratio (10-15 liter per 1 kg of 

produced powder) 

Å Diameter of the molten metal stream 

Å Geometry of the nozzle (amount of water jets 

and angle of incidence between water jet and 

molten metal stream) 

Å Water pressure 



Water atomization 

Lubanska Ὠ ὯὈ ρ =ὯὈ ρ  

ǒ k=constant 

ǒ D=diameter of the tundish nozzle, mm 

ǒ Ὢ ÍÅÔÁÌ ÆÌÏ×ȟËÇȾÍÉÎ 

ǒ Ὢ ύὥὸὩὶ Ὢὰέύȟ  

ǒ – ὯὭὲὩάὥὸὭὧ ὺὭίὧέίὭὸώ έὪ άὩὸὥὰȟ  

ǒ ” ὨὩὲίὭὸώ έὪ άὩὸὥὰȟ  

ǒ „ ίόὶὪὥὧὩ ὸὩὲίὭέὲ έὪ άὩὸὥὰ ȟ 

ǒ ὠ ύὥὸὩὶ ὺὩὰέὧὭὸώ ὥὸ ὸὬὩ Ὥάὴὥὧὸ ὴέὭὲὸȟ 
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The Water-Atomising Process 

1. Selected scrap 

2. Arc furnace 

3. Liquid steel 

4. Injection 

5. Atomising 

6. Dewatering 

7. Drying 

8. Magnetic separation 

9. Screening 

10. Equalizing 

11. Transportation to the powder plant 
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5. Atomising 

A. Tundish 

B. Steel stream 

C. High-pressure water 

D. Nozzle 

E. Atomised iron powder 



Scrap selection & Electric Arc Furnace Melting 

Powder Manufacturing & Characterization | EPMA Summer School, June 2016 12 |  

Selected steel scrap Raw material melting and 

addition of alloying 

elements (if needed) 



Molten metal transfer 
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Å Transfer of the molten metal to a laddle furnace and on the atomizing station 

Å Continuous control of oxygen levels and adjustment of the alloying elements content (if needed) 

Å Temperature control and adjustment if needed 



Atomization 
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Drying and screening 
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