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

           
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  
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

        



           

          



        

         
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



          

   

           
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         
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
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        
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





 



   



 

 



 


 



 






  ÿÿ  �  ā  Ăā Ă�⁄   

Ă/ýþ  ÿ  ă′  Ā��/�  ÿ  /��/�  /•  Ā  

  [mol/m²∙s]ýĂ  ∙ýĂ′ 


ýþ  þĂ  ÿ  

  �ÿ••  ���   Ā  Āÿ  �ÿ′′  ���  

  ĂĀ2  ĂĀ2�  Ă�2  R  [J/(mol∙K)]þ  [J/(mol∙K)]þ  [ý]



   

ÿ  ÿ  ��′′  ��••  

  

∆ÿ  ∆ÿ0  ∆ÿ  ∆�  ∆�  ∆ÿ  ÿþ  Ā  [°]ÿ  ���  Āÿ  Āÿ0  āÿ  

 



 




 

 

 









 

 


 


 


 


 

 


 

 


 

 

 

 

 

 

 

 

 


 


 

 

 


 


 



   





 

 

 

 

 

 



 




     

      



         

        

        

    („Pesting“)  


          







           



    

 

        

      

       

         

      







    

    

   

        





      

       







        

     



 

          
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          

      

    γ     
       



           

ÿþ
        

         

     



        







           



      

     

       



       



         





          





 

        



 


       



          

        

      

        





           

        







       

        

zwischen 800 und 1200 °C dauerhaften Schutz bietet.    




        

        

         



        



        

    

         

      

    

   

      



       

   
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        

        

         

         

       



            

       

         

     







 



   

 

           

        









      

         

ÿ = Ā 2 ÿþ






         

          

∆
∆∆
∆
    





          





           





 Ăÿ = ∑ (�ÿ�Āÿ)Ă,ÿ,Āÿ≠Ā ĂĀÿÿ 







(�ÿ�Āÿ)Ă,ÿ,Āÿ≠Ā = Āÿ










 


Ăÿ = ∑ ĀÿĂĀÿÿ 







Āÿ für das Standardpotential, R für die allgemeine Gaskonstante und ÿÿ für die Aktivität 
oder auch für den effektiven Molenbruch steht.Āÿ = Āÿ0 + ýÿþĀÿÿ







     āÿ   

∆ÿ∆ÿ = ∑ Āÿāÿÿ 









     þĂ    
         ∆ÿ0    
∆ÿ = ∑ Āÿ0āÿÿ + ýÿ ∑ āÿþĀÿÿ =ÿ ∆ÿ0 + ýÿþĀþĂ









2ÿĀ �ă(ý) + �2(ý) = 2Ā �ăÿ�Ā(ý) 





Ă�2
þĂ = ÿ�ăÿ�Ā2 Ā⁄

ÿ�ă2ÿ Ā⁄ ∙ Ă�2




∆
            

∆ÿ0 = 2ýÿþĀþĂ 

Ăā2 = ă∆ÿ0ýÿ  







   









       



    Bei einer Temperatur von 1200 °C können die 


          

       

        

Ă�2  







 





 


 

 



         

       



          











        

         

       

          

       





    




           





          

      



   

          



(∆ÿ� )2 = ýĂ ∙ þ






 ∆           


          

 

         



 



          





          

 

∆ÿ� = ýþ ∙ þ








          



     verlust oder auch „katastrophale Oxidation“
            





          



      

         



     

             







 


 
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

        
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

        





         







       









         





  
ĂāĂ�     

         

         

      

     

ý = 2ÿ ĂāĂ�






         

          

          

         



 ĂāĂþ = ÿ Ă2āĂ�2






          





 







 




      

           

        







          

       





           

           

           

 

            

        

       



 





       

 

        



          

 

         

           



           

       

         





 

      





   

 

       

         

   

          

          



     

 ∆� = ∆�∆ÿ






Δε
Δα     
Δ
          

          

         

       

           



           

��� = Ā��∆ÿ(��� 2 ��)(1 2 ā) (1 + 2/��Ā��/�Ā� )






���(��� 2��) Ā��/�/��/�
    
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
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
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        
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
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
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       
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      
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

 
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


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
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      



   

 

          

       

         

         
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          
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
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
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
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
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

           





 


 





      

     

     



 

         

     

       

      

       





         





°C das sogenannte „Pesting“ auf
         



      

           





         

            



         

           

      

         





   



     
      



          

          

             

          

  „Beyond NiBase Superalloys“ 
         

      

            



         

    



 

          

        

         

 

         



        



      

        



 


    

       



 

         

   

       

         

         



        



       

          



       

          





 

          





















   

           



         



              



      



        



        





 



           











         







          

          

          

       

 

 

        

    

          





           

      




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
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             
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           





 
     
    
     




         

            

            

         

        

         

        



 


             



           

 

          



        

          

   

        







          





        

         

           

       





     
        



          





    

           

        

          



   

      





        



       





          



        









    
     
    



       

          

        



      





           





 


       

        



 

         



        

        







 





          

          

       



       



          

ĂĀ2�≥ 0,5 bar wird durch Gleichung
 þÿ�2(ý) + 2Ā2�(ý) = þÿ(�Ā)4(ý)









          

        ĂĀ2�   
          

       



          

  

ĂĀ2�


         ĂĀ2   




   



      
         


           



           



          

       











            

      

 

    

            

          

            





           

        



        

         

         



 




         

    

�ā�3(ý) + Ā2�(ý) = �ā�2(�Ā)2(ý)






          



           

      ĂĀ2�       




         

          

        





        

        



           

         



          

      

       

        



           









          

       

              







       

 



   

 

          





     

 



         

     



         

       

        







        

        



       

        







         











           



        

      





          

            



 





 


         

geschichteten Beschichtungssystems von etwa 120 ¼m Dicke untersucht, bestehend aus 


           





        















       



einer Dicke zwischen 5 und 10 ¼m     
       

    



           

           

        

      

ingeschränkt. Durch das Aufbringen einer 2 ¼m dicken gesputterten Mo
        





         

      

        

    





           





        

       



       

      

      



   

    

        

      

           





        

         





           

          









         



           

         

         





        

      

und α
           

        

         

          
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  

       









Abscheiderate von etwa 0,9 ¼m/h, einer Temperatur von 550 °C und einer Spannung von 
             



¼m/h, einer Temperatur von 150 °C und einer Spannung von 100 V aufgebracht. Dabei 



   



          



        

         

dazwischenliegenden Rücklaufzeit von 6 ¼s. Die gepulste Gleichstromversorgung 
         



          





      



            





 



     

         

          



        

    

        
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         

      





       

     

     

         

       

     

           







        

         



            



 

       



          

  

  



         





   

        

        

       

   

         





         

       

        

     

 

         

    





        



          

       









  

 



 




     


 

      





         

           



      







           

         



       

bestimmten Winkel, dem sogenannten Glanzwinkel θ, auf eine Kristallebene. Im kernnahen 
          

         





   

die Differenz der Weglängen ein ganzzahliges Vielfaches der Wellenlänge » ist, kommt es 
         

2 ∙ Ă/ýþ ∙  sin (Ā)/ýþ = Ā ∙ ÿ





Gleichung verknüpft den Glanzwinkel θ mit dem Netzebenenabstand d
und der Wellenlänge » und ermöglicht die Interpretation verschiedener 


       

X’Pert   
        



 

im 2θ
               

″
″          
X’Celerator)       


       

Röntgenstrahlen und präsentiert diese als Funktion des Beugungswinkels 2θ in einem 
        







         

        



 

        





         





      





 



 


 



          

       



            

        

      

       



           

         









 

          

      



     





       





   

         
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         
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
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         

  

         

         

          

        



 

     



 

     

         





         

        

     
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      
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      



           

 

         

    

  

        

         

         



 


      





           

  

       



       



        

     

          



        



         

        

           





          

    



            
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


     

–







 






      









       

  

          



       

        





        –   
         

–


        





          

      

        





   



       
    
    
     




        

        

    

(a)) weist eine etwa 6 ¼m dicke Haftvermittlerschicht zur Verbesserung der 
         

        

        

       



       



      



 


         





       



        



  Darauf aufbauend befindet sich eine etwa 25 ¼m dicke 
       

        



 

        



      

 

   6 ¼m dicke und gradierte Haftvermittlerschicht erkennbar. Die darauf 
Schicht ist jedoch nur 10 ¼m dick. Über der Si
¼m dicke Yb       
     5 ¼m dicke Yb




         

  



        









   



      
 
   

   →   
    
      →
    





 




       
   

     
 →   
    




   

 

          

      

 

          

          

       



   

   

        



         





          

        

       



 



  





 

        







 



 

         





         

        

 



          



 


„Durchbruch“




         

 







    



 

         





 

            



–
–



   



 





        

      

        

           

        



        

            

          

        







 




 
      
   


 

        

        

        

        

         

        



        

          

 

          

   

         





   

         

       

           

          

      

       



 

     ĂĀ2�  
       

           







          

         
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

        

         
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           

          
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



        

       

        





      



 

       



          

        

  



          

 





       

        



         





    

     




   

 

  



         

         



           





 
      


      

       



        



          





           



          

        

          

    

         

        





 


          

 



    
       
   


 

           

       

       





    



   



         





          



       









   

           



            

 

        

      

     

        

       

 



 
         
   
     


 



 


 

          

      

       



        

        











         





  

         



          



          

              

       

  











         

          

             

        











   
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          

         



          



 





    
    



 



 


 

         







    
      


    



   

              

          















        

           

        





   



     
      
   


 



    



           

          

  









            











      

           







 




     
         
  
     


 





        





        

        



        

     

        

        





   

         



 –
          



             



 

           



           

       

           

         



      



           

 









        

        





          









         





        

        

           









 




        
       









       

         



       

      



        



 

   


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
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          

 
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
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
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
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        
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
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

          
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

           



 
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     
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           



          



  

         



   

        



   









  

  

––  

––  

––  

––  



 




    
  


 


           





       

  



        

         

          



    

          







   

              



             



           



       

  



            







            

 

           



          

         





           

          







 



 




    
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  
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          
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          



 


       

          
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

       
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
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

         

      

        





 




      

  
      
    











          



       

           



          

    





   

 

            

 





  



            









      


       
   
   




 


          





  





            



 

        



 

 

    



 



    
          

        
     




   



       


 
        

      

       

       

            

     

   α     




α




 




 









           

         









  





   



    
   
     
   
      






       







         







          









 

       

     

 

α


        

          







 




     
     
        
     
 
 
        

       


      


 










        



           

             




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

        
     

     
      
        
     



       
      

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           
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           
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

          





 


   









        





    
      
        
    


        
     


         

  

      



   







          



         

 



        

          



         











         
     
      











           



             





 


           

          

       

        

        



           











         

    
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          

 



 

 





           





         



 


       





 

   







         

 



        



 



          

         
    
   
        


 



   

 

       





      

          



         



 

gebildeten Oxide (SiO¢, TiO¢ und MoO£) auf die Atmosphäre reagieren, sowie die 








        



          



           









             

              

       

        

          



           

        





þÿ3ÿÿ5 + 16Ā2�(ý) = 3þÿ�2 + 5ÿÿ�2 + 16Ā2(ý)








          



          





 


          

        

        

 

            

      









 

�
   

          





         



        



 





       

            

        





  



         

        





           



          





          







   

         













             

        



       



unter „trockenen“ Bedingungen verantwortlich sein. Um die Möglichkeit auszuschließen, 
           

       

        





       







 





 




     
      
   
     


           





           

         



        

             



          



      

        

            



   





        



    

              

            









    

   



     



        



           

       



 ÿÿÿþÿ�2/ÿÿ�2 = 3,96 ∙ 10−13 ÿ2ý          ÿþÿÿÿ�2 = 5 ∙ 10−19 ÿ2ý ÿþÿþÿ�2 = 1 ∙ 10−18 ÿ2ý 
         

        

       

            







           

     







 




       

        




   



 
      
       
      


       
      

        






), könnte das sogenannte „“ von Poren sein, das in  
         



 „“         
         



         



 


         

           

�2−
            

       

           









 „Blubber“



          

          



         





           



„“






   

      



       



          

       

 

            



       

        



        



 





          

           

         



 

         

        



 Aufgrund beschleunigter Diffusionsprozesse „blubbern“ die Poren schneller auf, 


          

       

          



 



 


 



     



     



       



      



         

          





        

         

         



 

          

         

           

       

 

          







 

        



 

         

        

        

        







           





   



          







        











          

 









     

     
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

 

       

      



          

            
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
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   
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       









 




   

        
            
      
      

       
      




   

    

      

    







 
     

     
 
     


          

       







     





   




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          

          

        





          







  

          

           

          

     
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         







 




    

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           







         

        

      



             

           





           







   



           











          

     

  

             





         



 
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 
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
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Arbeit auf etwa 7 ¼m im Vergleich zu 6 ¼m
         


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eine Dicke von 11 ¼m erreichte
       

        







      





   

          

            

          

       

         





        

      



       

         

          





      

 

           

         





 




 
     


 

          





 
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        





            

         

          

        

 







           





 




 
   
        


 

         



  





        

         







   



      

      




         



              

           
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     
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          







      
      
     
      

          
  



         





      

              

         



 








       







        



           





    

     
         
     
  
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          

     



         

        



       

           





        



         





 






           



      

 

           

         



           

 



           

 



        
       
      




        





   

         





 

          





         

    





         



          





           

         



          



         



          

          



     







 


 



 

        

           
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 

        

        



   

        



            





        

       

        

       

      





       

         



        

          

ĂĀ2�
     



¼m. Diese geringere Dicke schützt effektiver vor katastrophaler 
       

    

        

    ¼m. In feuchter Atmosphäre treten 
        

 



         



            



      

 

           



        





          

        







 


         



         



          







      

       







         

           





           





            

          

        

      





          

         

          



         

 

        

         





         



            

          



 



   

          



         

      

          

 



     
      

        


            





          

         

       

       





    















 


         



          

         

„Pesting“


          







    

          





         

         
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

         

       

     

         

      

           

      
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


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

     
     
     
       
      
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       

      
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

 









        

      

        



          

       

           





         

      





 







 ýĂ    ýĂ′  
 

      

        

       





ýĂýĂ′ 
         

    ¼m auf, aber sie zeigt eine vergleichsweise hohe 


     



         

¼m
         





    ¼m auf      



   

      

         

       ¼m    
        

        







      



         

       

         



          

       



¼m
          

  



       

        

        

      

   

¼m, 
          

        

      

¼m erzielte. Diese  






       

        

       



        

       

         

          

         



 


          

      



          





          





         



         

        



          

      

        





   



     
    
    
       
       
 
  

        
     
     
     
      




 


 

        

     





 



       

       

           

         

      







 
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

      
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         
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
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 



       

     

      


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
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        



 


 

          









        



           

         



       

     



 

          

 



      

      



         

 

          



          







     

       

       

        



         

      







   

         

      

       



   

        

        

    



         

        





       –   
      

    





       



          

        







 


 

 
γγ′
–

 
γ′
–

 

–

 


–

 
4

–

 

–

 
–

 

–

 

–

 


 



–

 

–

 


 

–

 


–



  


 γ
–

 
3
–

 



 


 33
–

 


33–
 


–

 
–

 

–

 
33
–

 


–

 
 
–

 

–

 






 


 

–

  
–



 


 
–

 



 


 






 




 






 




 


 


 


 



 


 


 


 





 


 




  


 
33
–

  


 


 



–

 
–

 


 
–

 
–

 

–

 
–

 

–

 


 

–

 
 
–

 
–

 


System: VSi2−TaSi2–
 


–

 



 




 


 
–

 
333
–

 
33
–

 
33
–

 



 

333
–

 

333
–

 



 
of water vapor on the oxidation behavior of the eutectic high‐temperature alloy 


 
–

  


–

 




 



 




 





  


 



 




 



 


 



 
33
–

 

–

 

–

 
 
–

 

–

 

–

 

33–

 
33
–

 
333
–

 


–
 



33–



 


 
–

 3

–

 



 

–

 


 
–

 

–

 


 

–

 
3
–

 

33
–

 

–

 
33
–

 
33
–

  


–

 

–

 
–



  


 
–

 

 –

 



–

 



 3
3–

 
–

 


–
 

–
 


–

 
33
–

 

–

 
–

 

–

 
–

 



 
 
–

 3
3–

 33
–



 


 
–

 



–

 

–

 


–
 



–
 




 
3
–

 

–

 
3

–

 



–

 



 



  


 

–

 



 




  


 




 

 
–

 


 γ
–

 
 
–

 


 
 


 





 
 


 
 

 


 
 


 



 


 
 


 3
 


–

 
 
–



 


 


 


 

 


 


 



 
 

 


 


 


–
 




–

 


 


 


 
of SiO2 at the Si‐SiO2 interface–

 
–

 



 

–

 


–
 

33
–



  


 
–

 

–

 
3
–

 


 



–

 
–

 



 
 
–

 

 
–

 

–

 

–

 Effects of high water‐vapor pressure on oxidation of 
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