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 What is Magnesium ? 

■ Magnesium is a promising sustainable metal in the 21st century.    



 Advantage of Magnesium Alloys as Structural Materials 

■ Magnesium alloys have the highest specific stiffness among metallic  
     materials. 



■ Mechanical strength of magnesium alloys is inferior as compared  
     with aluminum alloys.  

 Major Problems to Solve in Magnesium Alloys 



■ The ignition temperature of magnesium alloys is low, resulting in  
     flammable material. 

 Major Problems to Solve in Magnesium Alloys 



■ The corrosion resistance of magnesium alloys is much lower than  
     that of aluminum alloys. 

 Major Problems to Solve in Magnesium Alloys 
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 Innovative KUMADAI Mg Alloys 

■ Two kinds of KUMADAI Mg alloys have solved the major problems   
     in Mg alloys, resulting in an innovation. 



 Alloy Compositions of KUMADAI Heat-resistant Alloys 

■ KUMADAI heat-resistant Mg alloys are Mg-TM-RE system, in which   
     TM is Co, Ni, Cu or Zn, and RE is Y, Gd, Tb, Dy, Ho, Er or Tm.  
■ The combination of TM and RE has some roles in crystal structure,  
     atomic radius, mixing enthalpy and solid solubility limit. 



 Microstructure of KUMADAI Heat-resistant Alloys 
 
■ KUMADAI heat-resistant Mg alloys are duplex of a -Mg phase and  
     LPSO phase, and are strengthened by LPSO phase.  
■ LPSO phase has a novel LPSO structure, where stacking  and  
     chemical modulations are synchronized. 



 Features of Extruded KUMADAI Heat-resistant Alloys 

■ Mechanical strength of KUMADAI heat-resistant Mg alloys is improved  
     drastically by plastic deformation with keeping the elongation. 
■ The improvement of mechanical properties is due to kind- band  
     formation of LPSO phase and grain refinement of a-Mg matrix. 



 Alloy Compositions of KUMADAI Non-flammable Alloys 

■ KUMADAI non-flammable Mg alloys are Mg-Al-Ca system with high Al  
     and Ca contents. 



■ KUMADAI non-flammable Mg alloys are duplex of a-Mg phase and  
     C36-type intermetallic compound (IMC). 

 Microstructure of As-cast KUMADAI Non-flammable Alloys 
 



 Microstructure of Extruded KUMADAI Non-flammable Alloys 

■ C36-type intermetallic compound (IMC) is finely dispersed by  
     extrusion, resulting in high strength and reasonable ductility. 



 High Mechanical Strength of KUMADAI I/M Mg Alloys 
 
■ KUMADAI I/M Mg alloys have superior yield strength to high strength  
     Al alloys.  
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 Good Corrosion Resistance of KUMADAI I/M Mg Alloys 
 
■ KUMADAI I/M Mg alloys have similar corrosion resistance to  
     commercial Mg alloy (AZ31). 
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 High Ignition Temperature of KUMADAI I/M Mg Alloys 
 
■ KUMADAI I/M Mg alloys have higher ignition temperature than  
     flame-resistant Mg alloys containing Ca, CaO, or Ca+Y. 



 Flammability Tests of KUMADAI Non-flammable Mg Alloy 
 
■ KUMADAI non-flammable I/M Mg alloy did not burn up to 1,117℃ that  
     is higher than its boiling point (1,065℃). 
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 Effects of Rapidly Solidified Powder Metallurgy Processing 
 
■ RS P/M processing brings out 1.6-fold yield strength,10-fold corrosion  
    resistance and superplasticity of KUMADAI heat-resistant Mg alloys. 



 Mechanical Strength of KUMADAI Heat-resistant RS P/M Mg Alloys 

■ KUMADAI heat-resistant RS P/M Mg96.75Zn0.75Y2Al0.5  alloys have high  
     yield strength above 530 MPa and reasonable elongation above 8 %. 
■ Its specific tensile yield strength is approximately 1.7 times as high as  
     that of 7075-T6. 



Corrosion Resistance of KUMADAI Heat-resistant RS P/M Mg Alloys 
 
■ Corrosion resistance of KUMADAI heat-resistant RS P/M  
     Mg96.75Zn0.75Y2 Al0.5 alloy is approximately 1.8 times as high as that  
     of 7075-T6. 



 Comparison of Performances with 7075-T6 

■ KUMADAI heat-resistant RS P/M Mg96.75Zn0.75Y2Al0.5 alloy has  
     superior mechanical and corrosion properties to 7075-T6. 
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 FAA-Developing Flammability Test Method  

■ FAA standard for flammability test is developing on the assumption  
     that Mg alloys burn.  



 Results of FAA Flammability Test on KUMADAI Mg Alloys 

■ KUMADAI heat-resistant alloy and KUMADAI non-flammable Mg alloy    
     passed the test very easily, with essentially no burning at all. 



■ KUMADAI heat-resistant alloy and KUMADAI non-flammable Mg alloy    
     passed the test very easily, with essentially no burning at all. 

 Photographs of Samples After FAA Flammability Tests 
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 Development Schedule of Large-scale KUMADAI Mg Alloys  

■ Enlargement Technology of KUMADAI Mg alloys is steadily developed.   



 

1) Expansion of application to the areas that cannot   

      tolerate ignition of material 

 

2) Large reduction in greenhouse gas emission 

 

3) Enhancing safety of melting, casting, machining,  

      and welding process 

 

4) Cost reduction by non-use of cover gas and    

      enhanced safety during operation  
 

 Spreading Effects 



 

1) R&D for achieving increased performance of 

KUMADAI Mg alloys. 

 

2) Development of  manufacturing-base technology 

to enable producing large KUMADAI Mg alloys 

（plate, bar, tube, sheet）.  

   
3) Development of applications by provision of 

prototypes made by KUMADAI Mg alloys. 

 

 Challenges in Future  



 Summary 




