
Αρτιχλε Ι∆ : ���� � ������������ � ���� � �� 

Χορροσ ιον βεηαϖ ιουρ οφ αλυµινιυµ2µ αγνεσ ιυµ αλ λοψσιν µ ολτεν σοδιυµ 
≠ 

← ♥ ÷⊃ 2⊇ ⊃ ℑ∈∩�李细江� � ″ ϒ ↓ ÷⊃ ∉∈∩�饶  雄� � 

≡ ♦ ϒ→♣ ⁄⊃ �张  荻� �≥♥ °⊕∈∩ 2℘ ∪⊕∈∩�司鹏程� 

Σηανγηαι ϑιαο Τονγ Υνιϖερσιτψ , Οπεν Λαβορατορψ φορ Ηιγη Τε µ περατυρε Ματεριαλ σ ανδ 

Ηιγη Τε µ περατυρε Τεστινγ οφ Εδυχατιον Μινιστρψ , Σηανγηαι 200030 , Π . Ρ . Χηινα 

Αβσ τραχτ : ×∪⊕℘ ∉  ∉ ⊃ ∉∈ ℜ ⊕∪ ℑ√⊃ ∉∏ ∉ ∅ ∪ ⊕ ϒ⊂ 2� � ↑ ∩� ϒ⊂ 2� � ↑ ∩� ϒ⊂ 2� � ↑ ∩ℑ∈⊗ ϒ⊂ 2� � ↑ ∩ 2� � �� � ≡ℑ ⊂ ⊂∉∧⊃ ∈ ⊆∉ ⊂  ⊕ ∈ 

 ∉⊗ ⊃ ∏⊆ ⋅ℑ ⊃ ∈√⊕   ⊃ ∩ ℑ  ⊕ ⊗� ×∪ ⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ ∉ ∅ ∪ ⊕℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗ ∏ ℘  ℑ∈⊗ ∪ ⊕ℑ ⊂ ⊂∉∧⊃ ∈∩⊕ ⊂⊕⊆⊕ ∈⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉ ∅ ∪⊕ ∠ ⊕ ℘ ⊃ ⊆⊕ ∈ 

⋅⊕  ⊕ℑ∈ℑ ⊂∧∨⊕ ⊗ℜ∧ ∏  ⊃ ∈∩ ↓ ↑ �≥∞ ↑ ℑ∈⊗ ∞⁄≥ � ×∪⊕ ⊕  ∏ ⊂   ∪∉⋅⊕ ⊗ ∪ ℑ  ∪ ⊕⊕ ∅ ∅ ⊕ ℘  ∉ ∅ ∪⊕ ⊆ℑ∩∈⊕  ⊃ ∏⊆ ℘ ∉∈ ⊕ ∈ℑ∈⊗ ∪ ⊕⊃ ⊆2 
⊆⊕   ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕∉∈  ∪ ⊕℘ ∉  ∉ ⊃ ∉∈ ∉ ∅ ∪⊕ ∠ ⊕ ℘ ⊃ ⊆⊕ ∈ℑ  ⊕ ⊕ ⊂ℑ  ⊕ ⊗ ∉ Β ∠∪ ℑ  ⊕� ↑ ∩ � ϒ⊂ � � � 

Κεψ ωορδσ: ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧ � ⊆∉ ⊂  ⊕ ∈  ∉⊗ ⊃ ∏⊆ �℘ ∉  ∉ ⊃ ∉∈ � ∪ ⊕ ⊆∉ 2⊃ ⊆⊆⊕   ⊃ ∉∈  ⊕   ∆οχυµεντ χοδε : Α 

1  ΙΝΤΡ Ο∆ΥΧΤΙΟΝ 

≥∉⊗ ⊃ ∏⊆2 ∏ ⊂ ∅∏ ℜ ℑ   ⊕  ∧ �ℑ ∈⊕⋅2 ∧∠ ⊕∪ ⊃ ∩∪ ⊕⊆∠ ⊕  2 
ℑ  ∏  ⊕ℜ ℑ   ⊕  ∧ �∪ℑ ℑ    ℑ ℘  ⊕⊗ ⊆∏ ℘ ∪ ℑ   ⊕∈ ⊃ ∉∈ ∅  ∉⊆  ∪⊕ 

⊃ ∈ ⊕  ∈ℑ  ⊃ ∉∈ℑ ⊂ ℑ∏  ∉⊆∉ℜ ⊃ ⊂⊕ℑ∈⊗⊕∈⊕  ∩∧ ⊃ ∈⊗∏    ∧  ⊃ ∈℘ ⊕⊃  

⋅ℑ ⊗ ⊕ √⊕ ⊂∉∠ ⊕⊗ ⊆∉ ⊕ ∪ℑ∈ ∪ ⊃   ∧ ∧⊕ ℑ  ℑ∩ ∉ 
≈� ∗ � � ↑ ℑ∈∧ 

∠  ∉ℜ ⊂⊕⊆∉℘ ℘ ∏   ⊃ ∈∩⊃ ∈ ∪⊕℘ ∉∏   ⊕∉∅℘ ∉⊆⊆⊕  ℘ ⊃ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ 

ℑ∈⊗ℑ∠∠ ⊂ ⊃ ℘ ℑ  ⊃ ∉∈ ℘ ∉∈ ⊃   ⊃ ∈  ∪⊕ ⊆ℑ  ⊕  ⊃ ℑ ⊂⊃   ⊕ ⊂ ∅ℑ∈⊗ ⊆ℑ∈2 
∏ ∅ℑ ℘  ∏  ⊃ ∈∩ ⊕ ℘ ∪∈∉ ⊂∉∩∧ 

≈� � 

ϒ ∪⊕⊃ ∈ ⊕  ⊂ℑ∧⊕  ⊆ℑ  ⊕  ⊃ ℑ ⊂ ∉ ∅   ℑ∈⊗ ℑ  ⊗ ∪⊕ ⊆∉2 
℘ ∉⊆∠  ⊕   ⊃ √⊕ ⊗ ⊃ ∅ ∅∏  ⊃ ∉∈ ℜ ∉∈⊗ ⊃ ∈∩  ⊕ ℑ ⊂ ∅∉⊇ ∉ ⊃ ∈⊃ ∈∩ ⊆⊕  ℑ ⊂ 

ℑ∈⊗ Α 2ϒ⊂ � ↓ � ℘ ⊕  ℑ⊆⊃ ℘ ∪⊕ ℑ⊗ ⊕ � ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ �  ∪∉∏ ∩∪ 

℘ ∉⊆∠ ⊕  ⊕∈ ⊃ ∈ ∠  ⊃ ℘ ⊕� ⊆ℑ  ℑ∈⊗ ⊆ℑ∈∏ ∅ℑ ℘  ∏  ⊃ ∈∩ ⊕ ℘ ∪∈∉ ⊂ 2 
∉∩∧ � ⋅⊃ ⊂ ⊂ℜ ⊕℘ ∉  ∉⊗ ⊕⊗ ⋅∪⊕∈ ℜ ⊕ ⊃ ∈∩⊃ ⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈ 

 ∉⊗ ⊃ ∏⊆ ∅∉⊂∉∈∩ ⊃⊆⊕� ×∪ ⊃  ⋅⊃ ⊂ ⊂⊂⊕ ℑ⊗ ∉ ∉⊗ ⊃ ∏⊆ ⊂⊕ ℑ⊄2 
ℑ∩⊕� ♥∈√⊕   ⊃ ∩ℑ  ⊃ ∉∈ ≈� ∗ ��  ∪∉⋅⊕⊗  ∪ℑ  ⊕ √⊕∈ 

�� � ��� � ϒ⊂  ∠ ⊕ ℘ ⊃⊆⊕∈ ⊃   ⊂ ⊃ ∩∪  ⊂∧ ℘ ∉  ∉⊗ ⊕⊗ ℑ ∅  ⊕  

��� ε ���� ∪⊃⊆⊆⊕   ⊃ ∉∈ ⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ �ℑ∈⊗ ∪⊕ 

℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘  ∉∅∠∏  ⊕ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ∈⊗ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2 
 ⊃ ⊂ ⊃ ℘ ∉∈ ℑ ⊂ ⊂∉∧ ⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⊃ ϒ⊂→ ℑ≥⊃∠∪ℑ  ⊕� 

′∧⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ∪⊕∠∏  ⊃  ∧ ∉∅ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆  ∉⊃⊆∠  ∉√⊕ 

 ∪⊕ ℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ∉∅  ∪⊕  ∠ ⊕ ℘ ⊃⊆⊕∈  ∉ ⊆∉ ⊂  ⊕∈ 

 ∉⊗ ⊃ ∏⊆ �  ∪⊕ ℘ ∉ ∉∅  ∉⊗ ⊃ ∏⊆2 ∏ ⊂ ∅∏  ℜ ℑ   ⊕  ∧ ⋅⊃ ⊂ ⊂ ⊃ ∈2 
℘  ⊕ ℑ  ⊕� ℑ∈⊗  ∪⊕ ∠ ⊕  ∅∉⊆ℑ∈℘ ⊕ ∉∅ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ⋅⊃ ⊂ ⊂ ℜ ⊕ 

℘ ∉∈∅ ⊃ ∈⊕⊗ ∉ ∉⊆⊕⊕¬ ⊕∈�×∪⊕℘ ∉  ∉ ⊃ ∉∈ ⊕√⊕  ⊃  ∧ ∉∅ ∪⊕ 

 ∠ ⊕ ℘ ⊃ ⊆⊕∈∅  ∉⊆ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⊃ ⊃ ∈∪ ⊃ ℜ ⊃  ⊕⊗ ⋅⊃  ∪ ∪⊕ 

ℑ⊗⊗ ⊃  ⊃ ∉∈ ∉∅ ℘ ⊕   ℑ ⊃ ∈ ℑ⊆∉∏∈∉∅ ⊆ℑ∩∈⊕  ⊃ ∏⊆ ⊃ ∈ ∉ ℑ ⊂∏ 2 
⊆⊃ ∈⊃ ∏⊆ ≈� � ×∪⊕  ⊕ ∅∉ ⊕�⊃ ∈ ∉ ⊗ ⊕  ∉ ∠  ∉⊆∉ ⊕ ∪⊕℘ ∉⊆2 
⊆⊕  ℘ ⊃ ℑ ⊂ ⊃ ∨ℑ  ⊃ ∉∈ ∉∅ ∉⊗ ⊃ ∏⊆2 ∏ ⊂ ∅∏ ℜ ℑ   ⊕  ∧ �⊃  ⊃ ∈⊕ ℘ ⊕   ℑ  ∧ 

 ∉   ∏⊗ ∧  ∪⊕ ℘ ∉  ∉ ⊃ ∉∈ ℜ ⊕∪ℑ√⊃ ∉∏ ∉∅  ∪⊕ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2 
⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ � 

2  ΕΞΠΕΡΙΜΕΝΤΑΛ ΜΑΤΕΡΙΑΛΣ ΑΝ∆ ΠΡ ΟΧΕ2 
∆ ΥΡ Ε 

↑ ℑ  ⊕  ⊃ ℑ ⊂ ⊕   ⊕⊗ ⋅⊕  ⊕ ϒ⊂ 2� � ↑ ∩� ϒ⊂ 2� � ↑ ∩� 
ϒ⊂ 2� � ↑ ∩ ℑ∈⊗ ϒ⊂ 2� � ↑ ∩ 2� � �� � ≡ ℑ ⊂ ⊂∉∧� ×∪⊕ ∧ 

⋅⊕  ⊕ √ℑ℘ ∏∏⊆2⊆⊕ ⊂  ⊕⊗ ∅  ∉⊆ ∪ ⊃ ∩∪ ∠∏  ⊃  ∧ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ 

ℑ∈⊗∪ ⊃ ∩∪∠∏  ⊃  ∧ ⊆ℑ∩∈⊕  ⊃ ∏⊆ � ×∪⊕ ∠⊕ ℘ ⊃⊆⊕∈⋅⊕  ⊕ ⊆ℑ 2 
℘ ∪ ⊃ ∈⊕⊗⊃ ∈ ∉ � ⊆⊆ ≅ � ⊆⊆ ≅ �� ⊆⊆  ∉⊗ � ƒ⊃    � ∉∈⊕ 

 ∏  ∅ℑ ℘ ⊕ ∉∅ ⊕√⊕  ∧  ∉⊗  ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⋅ℑ  ∠∉ ⊂ ⊃  ∪⊕⊗� ϒ∈⊗ 

 ∪⊕∈�  ∪⊕ ∧ ⋅⊕  ⊕ ∠∏  ⊃ ∈ ∉  ∉⊆⊕  ∠ ⊕ ℘ ⊃ ℑ ⊂ ⊂∧2⊆ℑ⊗ ⊕ 
�≤ ��→ ⊃ �×⊃  ℑ ⊃ ∈⊂⊕    ⊕ ⊕ ⊂ ⊕ ℑ ℘  ⊃ ∉∈ ℜ ∉⊆ℜ �♥∈ ℑ∈ ⊃ ∈2 
⊕  ℑ  ⊆∉ ∠∪⊕  ⊕ ∩ ⊂∉√⊕ ℜ∉¬ ⁄″ ♥ 2× ″ ϒ♥→≥ � ℘ ∪⊕⊆⊃ ℘ ℑ ⊂ 
∠∏  ⊃  ∧  ∉⊗ ⊃ ∏⊆ � ∴�� � � ⋅ℑ  ⊆⊕ ⊂  ⊕⊗ℑ∈⊗∠∉∏  ⊕⊗⊃ ∈ ∉ 

 ∪⊕℘ ∉  ⊕  ∠∉∈⊗ ⊃ ∈∩ ℜ∉⊆ℜ� ϒ∅  ⊕ ℜ ⊕ ⊃ ∈∩℘ ∉∉ ⊂⊕⊗ ∉  ∉∉⊆ 

 ⊕⊆∠ ⊕  ℑ  ∏  ⊕�ℜ∉⊆ℜ ⋅⊕  ⊕ ℑ⊄⊕∈ ∉∏ � ∪⊕∈⊃⊆⊆⊕⊗ ⊃ ℑ  ⊕ 2 
⊂∧  ⊕ ℑ ⊂⊕⊗ ⋅⊃  ∪ℑ≥°2�  ∧∠ ⊕⊂ℑ  ⊕ ⋅⊕ ⊂⊗ ⊃ ∈∩ ⊆ℑ ℘ ∪ ⊃ ∈⊕�ℑ∈⊗ 

 ∪⊕∈ ∠∏ ⊃ ∈ ∉  ∪⊕ ⊕ ⊂⊕ ℘   ⊃ ℘∅∏  ∈ℑ ℘ ⊕� ♥ ∉ ∪⊕ ⊆ℑ ⊂   ℑ  ⊃ ℘ 

⊃ ⊆⊆⊕   ⊃ ∉∈  ⊕    ⋅⊕  ⊕ ℘ ∉∈⊗∏ ℘  ⊕⊗ ℑ ��� ∗ ��� ε ∅∉ 
�� ∗ ��� ∪� ϒ∅  ⊕  ∪ℑ  � ⋅⊕ ∉∉⊄ ∉∏  ∪⊕ ∠⊕ ℘ ⊃⊆⊕∈ 

ℑ∈⊗ ⊕⊆∉√⊕ ∪⊕ ∉⊗ ⊃ ∏⊆ ℑ   ℑ ℘ ∪⊕⊗ ∉ ∪⊕ ∏  ∅ℑ ℘ ⊕∉∅ ∪⊕ 

 ∠⊕ ℘ ⊃ ⊆⊕∈ℜ∧ ∏ ⊂   ℑ  ∉∈⊃ ℘⋅ℑ  ∪ ⊃ ∈∩⊃ ∈ ℑ ⊂℘ ∉∪∉ ⊂∅∉ ⊕√⊕  ℑ ⊂ 

 ⊃ ⊆⊕ � ×∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘  ∅∉⊆⊕⊗⊃ ∈  ∪⊕∠∉ ⊂ ⊃  ∪⊕⊗ 

 ∏  ∅ℑ ℘ ⊕ ∉∅  ∪⊕  ∠ ⊕ ℘ ⊃⊆⊕∈ ℑ ∅  ⊕  ℜ ⊕ ⊃ ∈∩ ⊃ ⊆⊆⊕   ⊕⊗ ⊃ ∈ 

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⋅ℑ ∉ℜ  ⊕  √⊕⊗ℑ∈⊗ℑ∈ℑ ⊂∧∨⊕⊗ ℜ ∧ ⊆⊕ ℑ∈ 

∉∅ ↓ ↑ �≥∞ ↑ ℑ∈⊗∞⁄≥ � 

3  Ρ ΕΣΥΛΤΣ 

3 . 1  Χορροσ ιον βεηαϖ ιουρ οφ Αλ21 % Μγ αλλοψ ιν 
µ ολτεν σοδιυµ 

×∪⊕ ϒ⊂ 2� � ↑ ∩  ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⋅⊕  ⊕ ⊃⊆⊆⊕   ⊕⊗ ⊃ ∈ 
⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ��� ∗ ��� ε ∅∉�� ∗ ��� ∪� ×∪⊕ 
⊆⊃ ℘  ∉ ℘ ∉∠ ⊃ ℘∠∪∉ ∉∩  ℑ∠∪∉∅ ∪⊕ϒ⊂ 2� � ↑ ∩ ∠ ⊕ ℘ ⊃⊆⊕∈ ℑ ∅ 2 
 ⊕ ��� ε ��� ∪⊃⊆⊆⊕   ⊃ ∉∈⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⊃ ∩ ⊃ √⊕∈ 

⊃ ∈ ƒ⊃ ∩� � �♥℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈ ∪ℑ  ∪⊕ ϒ⊂ 2� � ↑ ∩ ∠ ⊕ ℘ ⊃⊆⊕∈ 
⊃ ℘ ∉  ∉⊗ ⊕⊗ ⊆∉ ⊕  ⊕ √⊕  ⊕ ⊂∧ ℑ ∅  ⊕  ℜ ⊕ ⊃ ∈∩ ⊃⊆⊆⊕   ⊕⊗ ⊃ ∈ 

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ��� ε ∅∉ ∏ ℘ ∪ ∪∉  ⊃⊆⊕� 

3 . 2  Χορροσ ιον βεηαϖ ιορ οφ Αλ23 % Μγ αλλοψ ιν 

µ ολτεν σοδιυµ 

ϒ⊂ 2� � ↑ ∩  ∠⊕ ℘ ⊃ ⊆⊕∈ ⋅⊕  ⊕⊃⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈ 

 ∉⊗ ⊃ ∏⊆ ℑ ��� ∗ ��� ε ∅∉�� ∗ ��� ∪� ×∪⊕  ⊕  ∏ ⊂   

∂ ∉ ⊂���  λ ��         Τρανσ. Νονφερρουσ Μετ . Σοχ . Χηινα         ϒ∠ ����� 

≠ Φουνδατιον ιτεµ : ° ∉ ⊇ ⊕ ℘ ��������  ∏ ∠∠∉  ⊕ ⊗ℜ∧  ∪⊕ → ℑ  ⊃ ∉∈ℑ ⊂ → ℑ  ∏  ℑ ⊂ ≥℘ ⊃ ⊕ ∈℘ ⊕ ƒ∉∏ ∈⊗ ℑ  ⊃ ∉∈ ∉∅ ≤∪ ⊃ ∈ℑ 

Ρεχε ιϖεδ δατε : ↑ ℑ � �� ����� �αχχεπτεδ δατε : ♠∏ ∈ � � �����



Φ ιγ .1  ↑⊃ ℘  ∉∩  ℑ∠∪∉∅ ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ 

ℑ ∅  ⊕ ��� ε ���∪⊃⊆⊆⊕   ⊃ ∉∈⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ 

 ∪∉⋅⊕⊗  ∪ℑ  ∪⊕  ∏  ∅ℑ ℘ ⊕ ∉∅  ∪⊕  ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⊃  √⊕  ∧ 

⊆∉∉ ∪ ℑ∈⊗⊃ ∠∉  ⊕   ⊕ ℘ ∉∈ ⊃ ⊗ ⊕  ℑℜ ⊂∧ ∪ ⊃ ∩∪ ℘ ∉  ∉ ⊃ ∉∈ 

 ⊕  ⊃   ℑ∈℘ ⊕ ∉ ⊆∉ ⊂  ⊕∈ ∉⊗ ⊃ ∏⊆ ⋅∪⊕∈ ∪⊕⊃ ⊆⊆⊕   ⊃ ∉∈ ⊕⊆2 
∠ ⊕  ℑ  ∏  ⊕⊃  ℜ ⊕ ⊂∉⋅ ��� ε � ℑ∈⊗⊃ ⊃ ℘ ∉  ∉⊗ ⊕⊗ ∠  ⊕   ∧ 

 ⊕ √⊕  ⊕ ⊂∧ ⋅∪⊕∈ ∪⊕⊃ ⊆⊆⊕   ⊃ ∉∈ ⊕⊆∠ ⊕  ℑ  ∏  ⊕⊃ ∏ ∠ ∉ ��� 
ε � 

×∪⊕ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅ ∪⊕ ϒ⊂ 2� � ↑ ∩ ∠ ⊕ ℘ ⊃ ⊆⊕∈ℑ ∅ 2 
 ⊕ ⊃ ⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ��� ε ℑ∈⊗��� ε 
∅∉√ℑ  ⊃ ∉∏  ⊃ ⊆⊕ ℑ  ⊕ ∠  ⊕  ⊕∈⊃ ∈ ƒ⊃ ∩�� � ∪∉⋅⊃ ∈∩ ∪ℑ  

 ∪⊕ ϒ⊂ 2� � ↑ ∩  ∠ ⊕ ℘ ⊃⊆⊕∈ ⋅ℑ  ⊇ ∏  ∠ ⊃   ⊃ ∈∩ 2℘ ∉  ∉⊗ ⊕⊗ 
 ⊂ ⊃ ∩∪  ⊂∧ ℑ∈⊗⊃   ∩  ℑ ⊃ ∈ ℜ∉∏∈⊗ ℑ  ⊃ ⊕  ⊄⊕ ∠ ⊆∉∉ ∪ ℑ ∅  ⊕  

��� ε � ��� ∪ ⊃⊆⊆⊕   ⊃ ∉∈ ⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ �ƒ⊃ ∩�� 

�ℑ�� �⊃  ∩  ℑ ⊃ ∈ ℜ∉∏∈⊗ ℑ  ⊃ ⊕ ⋅⊕  ⊕℘ ∉  ∉⊗ ⊕⊗ ⊕ √⊕  ⊕ ⊂∧ ℑ∈⊗ 

ℑ⊂ℑ  ∩⊕ ∠  ∉∠∉  ⊃ ∉∈ ∉∅ ℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘   ⋅⊕  ⊕ ∅∉∏∈⊗ 

ℑ ∅  ⊕ ��� ε ����∪⊃⊆⊆⊕   ⊃ ∉∈⊃ ∈ ⊆∉ ⊂  ⊕∈ ∉⊗ ⊃ ∏⊆�ƒ⊃ ∩� 

��ℜ�� � ⋅∪⊕∈  ∪⊕⊃⊆⊆⊕   ⊃ ∉∈  ⊃ ⊆⊕ ⋅ℑ ∏∠ ∉ ��� ∪� 

 ∪⊕ ∏  ∅ ℑ ℘ ⊕ ∉∅  ∪⊕  ∠ ⊕ ℘ ⊃⊆⊕∈ ℜ ⊕ ℘ ℑ⊆⊕ ∏ ∩∩ ⊕⊗ ℑ∈⊗ ∪⊕ 

℘ ∉  ∉ ⊃ ∉∈ ⋅ℑ ⊕¬ ⊕∈⊗ ⊕⊗ ∉  ∪⊕⊕∈ ⊃  ⊕ ∏  ∅ℑ ℘ ⊕ �ƒ⊃ ∩�� 

�℘ �� � 

3 . 3  Χορροσ ιον βεηαϖ ιορ οφ Αλ 25 % Μγ αλλοψ ιν 
µ ολτεν σοδιυµ 

×∪⊕ ϒ⊂ 2� � ↑ ∩  ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⋅⊕  ⊕ ⊃⊆⊆⊕   ⊕⊗ ⊃ ∈ 

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ��� ∗ ��� ε ∅∉�� ∗ ��� ∪ ∉ ⊕¬2 
ℑ⊆⊃ ∈⊕∅∏   ∪⊕ ⊕ ∅ ∅ ⊕ ℘   ∉∅  ∪⊕ ⊆ℑ∩∈⊕  ⊃ ∏⊆ ℘ ∉∈ ⊕∈∉∈ 

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℘ ∉  ∉ ⊃ ∉∈ � ×∪⊕ ⊕  ∏ ⊂   ∪∉⋅⊕⊗ ∪ℑ ℑ ⊂ ⊂ 

 ∪⊕ ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⋅⊕  ⊕ ℘ ∉  ∉⊗ ⊕⊗ √⊕  ∧  ⊂ ⊃ ∩∪  ⊂∧ ℑ∈⊗ ∪⊕ ⊃  

 ∏  ∅ℑ ℘ ⊕  ⋅⊕  ⊕ √⊕  ∧ ⊆∉∉ ∪� ×∪⊕ ⊆⊃ ℘  ∉∩  ℑ∠∪ ∉∅  ∪⊕ 

ϒ⊂ 2� � ↑ ∩ ∠ ⊕ ℘ ⊃⊆⊕∈ ℑ ∅  ⊕ ��� ε ����∪⊃ ⊆⊆⊕   ⊃ ∉∈⊃ ∈ 
⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⊃   ∪∉⋅∈ ⊃ ∈ ƒ⊃ ∩� � � ♥℘ ℑ∈ ℜ ⊕  ⊕ ⊕∈ 

 ∪ℑ  �ℑ ∅  ⊕  ∪⊕ ϒ⊂ 2� � ↑ ∩ ∠⊕ ℘ ⊃ ⊆⊕∈ ⋅ℑ ⊃⊆⊆⊕   ⊕⊗⊃ ∈ 

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ℑ ⊕⊆∠ ⊕  ℑ  ∏  ⊕ ∉∅ ��� ε ∅∉��� ∪� 

 ∪⊕∩  ℑ ⊃ ∈ ℜ ∉∏∈⊗ ℑ  ⊃ ⊕ ⊄⊕ ∠ ⊕ √⊕∈ ℑ∈⊗⊆∉∉ ∪�ℑ∈⊗ ∪⊕ 

 ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⋅ℑ ∠ ⊃   ⊃ ∈∩ 2℘ ∉  ∉⊗ ⊕⊗∅ℑ ⊃  ⊂ ⊃ ∩∪  ⊂∧ ℑ∈⊗∪∉⊆∉2 
∩ ⊕∈⊕ ∉∏  ⊂∧ � ×∪ ⊃ ⊃ ℜ ⊕ ℘ ℑ∏  ⊕ ∪⊕  ⊕⊕¬ ⊃   ℑ⊂ℑ  ∩ ⊕ℑ⊆∉∏∈ 

∉∅∅ ⊃ ∈⊕⊗ ⊃  ∠⊕   ⊃ √⊕ Β ∠∪ℑ  ⊕⊃ ∈ ϒ⊂ 2� � ↑ ∩ ℑ ⊂ ⊂∉∧ � ⋅∪ ⊃ ℘ ∪ 

⊆∉  ⊂∧ ⊄⊕ ⊕∠ ∏∈⊗ ⊃   ∉ ⊂√⊕⊗ℑ ∅  ⊕ ��� ε ���� ∪⊃⊆⊆⊕  2 
 ⊃ ∉∈⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ � 

3 .4  Εφφεχτσ οφ γραιν ρεφινερ ον µ ολτεν σοδιυµ χορ2 
ροσ ιον οφ αλυµινιυµ2 µ αγνεσ ιυµ αλ λοψ 
×∉   ∏ ⊗∧  ∪⊕⊕ ∅ ∅⊕ ℘  ∉∅ ∪⊕∩  ℑ ⊃ ∈  ⊃ ∨⊕∉∈ ⊆∉ ⊂  ⊕∈ 

Φ ιγ .2  ↑⊃ ℘  ∉∩  ℑ∠∪∉∅ ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ 

ℑ ∅  ⊕ ⊃⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ 
�ℑ � ) ��� ε ���� ∪��ℜ � ) ��� ε ���� ∪� 

�℘ � ) ��� ε ���� ∪ 

Φ ιγ .3  ↑⊃ ℘  ∉∩  ℑ∠∪∉∅ ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ 

ℑ ∅  ⊕ ��� ε ����∪⊃⊆⊆⊕   ⊃ ∉∈⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ 

 ∉⊗ ⊃ ∏⊆ ℘ ∉  ∉ ⊃ ∉∈ ∉∅ ∪⊕ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧ � 

# � � � # ∂ ∉ ⊂1��  λ 1�     ≤∉  ∉ ⊃ ∉∈ ℜ ⊕∪ℑ√⊃ ∉∏ ∉∅ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆



� � �� � ∨⊃  ℘ ∉∈⊃ ∏⊆ ⋅ℑ ℑ⊗⊗ ⊕⊗ℑ  ∪⊕∩  ℑ ⊃ ∈  ⊕ ∅ ⊃ ∈⊕ ⊃ ∈ ∉ 

 ∪⊕ ϒ⊂ 2� � ↑ ∩ ℑ ⊂ ⊂∉∧ � ×∪⊕ ∠ ⊕ ℘ ⊃⊆⊕∈ ⋅⊕  ⊕⊃⊆⊆⊕   ⊕⊗ 

⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ��� ∗ ��� ε ∅∉��� ∗ ��� ∪� 
ℑ∈⊗ ∪⊕∈ ∪⊕ ∏  ∅ℑ ℘ ⊕⊆∉∉ ∪∈⊕  ℑ ⋅⊕ ⊂ ⊂ℑ  ∪⊕∇∏ ℑ∈ ⊃ 2 
 ∧ ℑ∈⊗ ⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅ ∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘  ∅∉⊆⊕⊗ 

∉∈  ∪⊕  ∏  ∅ ℑ ℘ ⊕ ⊂ℑ∧⊕  ⋅⊕  ⊕ ∉ℜ  ⊕  √⊕⊗� ×∪⊕  ⊕  ∏ ⊂   

 ∪∉⋅⊕⊗ ∪ℑ  ∪⊕ ⊕∈ ⊃  ⊕  ∏  ∅ℑ ℘ ⊕ ∉∅  ∪⊕  ∠ ⊕ ℘ ⊃ ⊆⊕∈ ⋅ℑ  

⊆∉∉ ∪ ℑ∈⊗  ∪⊕ ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅  ∪⊕  ∠ ⊕ ℘ ⊃⊆⊕∈  ∉  ⊕  ⊃   

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℘ ∉  ∉ ⊃ ∉∈ ⊃ ∈℘  ⊕ ℑ  ⊕⊗� ×∪⊕ ⊆⊃ ℘  ∉∩  ℑ∠∪ 

∉∅  ∪⊕ ϒ⊂ 2� � ↑ ∩ 2� � �� � ≡ ∠⊕ ℘ ⊃⊆⊕∈ ℑ ∅  ⊕  ��� ε � 
���∪⊃ ⊆⊆⊕   ⊃ ∉∈⊃ ∈ ⊆∉ ⊂  ⊕∈ ∉⊗ ⊃ ∏⊆ ⊃  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � 

∅  ∉⊆ ⋅∪ ⊃ ℘ ∪ ⋅⊕℘ ℑ∈  ⊕ ⊕ ∪ℑ  ∪⊕ ϒ⊂ 2� � ↑ ∩ 2� � �� � ≡ 
ℑ ⊂ ⊂∉∧⊃ ℘ ∉  ∉⊗ ⊕⊗√⊕  ∧  ⊂ ⊃ ∩∪  ⊂∧ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩⊃ ⊆⊆⊕   ⊕⊗⊃ ∈ 

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ��� ε ∅∉��� ∪� 

Φ ιγ .4  ↑⊃ ℘  ∉∩  ℑ∠∪∉∅ ϒ⊂ 2� � ↑ ∩ 2� � �� � ≡ 
ℑ ⊂ ⊂∉∧ ℑ ∅  ⊕ ��� ε ���� ∪⊃ ⊆⊆⊕   ⊃ ∉∈ 

⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ 

3 .5  Χονστιτυεντ αναλψσ ισ οφ χορροσ ιον προδυχτσ οφ 

αλυµινιυµ2 µ αγνεσ ιυµ αλλοψιν µ ολτεν σοδιυµ 
×∉  ∏⊗∧  ∪⊕℘ ∉∈  ⊃  ∏ ⊕∈⊕ ⊂⊕⊆⊕∈ ∉∅ ∪⊕℘ ∉  ∉2 

 ⊃ ∉∈ ∠  ∉⊗∏ ℘  ∅∉⊆⊕⊗⊃ ∈ ∪⊕ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ 2 
⊂∉∧ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩⊃⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ � ∪⊕ ϒ⊂ 2 
� � ↑ ∩  ∠ ⊕ ℘ ⊃ ⊆⊕∈ ℑ ∅  ⊕ ��� ε � ��� ∪ ⊃⊆⊆⊕   ⊃ ∉∈ ⊃ ∈ 
⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⋅ℑ ℘ ∏ ∠ ⊕  ∠ ⊕∈⊗ ⊃ ℘ ∏ ⊂ℑ  ⊂∧ ∉ ∪⊕∠∉ ⊂ ⊃  ∪⊕⊗ 

 ∏  ∅ℑ ℘ ⊕ℜ ∧ ℑ   ⊕ ⊕ ⊂  ℑ⋅ ℑ∈⊗ ∪⊕∈  ∪⊕℘ ∉∈  ⊃  ∏ ⊕∈⊕ ⊂⊕ 2 
⊆⊕∈ ∉∅ ∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘  ∉∈  ∪⊕℘  ∉  2 ⊕ ℘  ⊃ ∉∈ 

⋅⊕  ⊕ℑ∈ℑ ⊂∧∨⊕⊗� ƒ⊃ ∩� � ⊃ ⊃  ≥∞↑ ⊆⊃ ℘  ∉∩  ℑ∠∪�ƒ⊃ ∩� � 

⊃ ∉ℜ  ℑ ⊃ ∈⊕⊗ℜ∧  ∪⊕ ∞⁄≥  ⊕  ∏ ⊂  ∉∅ ∪⊕∠∉ ⊃ ∈ Α ∗ Φ ∉∈ 
 ∪⊕℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘  ⊃ ⊂ ⊂∏    ℑ  ⊕⊗⊃ ∈ ƒ⊃ ∩� � �♥℘ ℑ∈ ℜ ⊕ 

 ⊕ ⊕∈ ∪ℑ  ∪⊕℘ ∉∈ ⊕∈∉∅ ⊃ ⊂ ⊃ ℘ ∉∈ ℑ∈⊗ ∉⊗ ⊃ ∏⊆ ⊃ ∈ ∪⊕℘ ∉ 2 
 ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘  ℑ  ⊕ ∪ ⊃ ∩∪ ℑ∈⊗ ∪⊕ ⊃   ⊕∈⊗ ∉∅ ⊕∈ ⊃ ℘ ∪2 
⊆⊕∈ℑ∈⊗⊃⊆∠ ∉√⊕  ⊃  ∪⊆⊕∈ℑ  ⊕⊃ ⊗ ⊕∈ ⊃ ℘ ℑ ⊂� ⋅∪ ⊃ ⊂⊕ ⊆ℑ ∩∈⊕ 2 
 ⊃ ∏⊆ ⋅ℑ  ∈∉⊗ ⊕  ⊕ ℘  ⊕⊗⊃ ∈  ∪⊕ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ⊆ℑ   ⊃ ¬�♥∈ 

∉ ∪⊕ ⋅∉ ⊗ � ∪⊕℘ ∉  ∉ ⊃ ∉∈ ℘ ∉⊆∠∉∏∈⊗℘ ∉∈ ⊃   ∉∅ ϒ⊂� 

→ ℑℑ∈⊗≥⊃� 

4  ΑΝΑΛΨΣΕΣ ΑΝ∆ ∆ΙΣΧΥΣΣΙΟΝ 

4 .1  Εφφεχτσ οφ µ αγνεσ ιυµ χοντεντ ον µ ολτεν σοδι2 
υµ χορροσ ιον 

ƒ ∉⊆ ℑℜ ∉√⊕ ⊕¬∠⊕  ⊃ ⊆⊕∈ ℑ ⊂ ∅ ℑ℘  �⊃ ℘ ℑ∈ ℜ ⊕ ℘ ∉∈2 
℘ ⊂∏⊗ ⊕⊗ ∪ℑ  ∪⊕ℑℜ ⊃ ⊂ ⊃  ∧ ∉∅ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧ 
 ∉  ⊕  ⊃   ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℘ ∉  ∉ ⊃ ∉∈ ⊃ ∈℘  ⊕ ℑ  ⊕  ⋅⊃  ∪ 

Φ ιγ .5  ≥∞↑ ⊆⊃ ℘  ∉∩  ℑ∠∪∉∅℘  ∉  2 ⊕ ℘  ⊃ ∉∈ ∉∅ 

ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ ℑ ∅  ⊕ ��� ε ���� ∪ 
⊃⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ 

Φ ιγ .6  °⊂∉ ∉∅℘ ∉∈ ⊕∈∉∅ ⊃ ⊂ ⊃ ℘ ∉∈ � ∉⊗ ⊃ ∏⊆ ℑ∈⊗ 

⊆ℑ∩∈⊕  ⊃ ∏⊆ √⊕   ∏ ⊗ ⊃   ℑ∈℘ ⊕∅  ∉⊆ ∠∉ ⊂ ⊃  ∪⊕⊗ ∏  ∅ℑ ℘ ⊕ 

 ∪⊕⊃ ∈℘  ⊕ ℑ  ⊃ ∈∩ ∉∅  ∪⊕ ℘ ∉∈ ⊕∈∉∅ ⊆ℑ∩∈⊕  ⊃ ∏⊆ ⊃ ∈ ℑ ⊂∏ 2 
⊆⊃ ∈⊃ ∏⊆ ℑ∈⊗⊗ ⊕ ∠ ⊕∈⊗ ∉∈ ∪⊕∇∏ ℑ∈ ⊃  ∧ � ∪⊕ ⊆∉ ∠∪∉ ⊂∉∩∧ 

ℑ∈⊗ ∪⊕⊗ ⊃    ⊃ ℜ∏  ⊃ ∉∈ ∉∅ Β ∠∪ℑ  ⊕� ↑ ∩ � ϒ⊂ � � ⊃ ∈  ∪⊕ℑ ⊂∏ 2 
⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧ � ×∪⊕ ⊆⊃ ℘  ∉   ∏ ℘  ∏  ⊕ ∉∅ ∪⊕ 

ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ ℑ∈⊗ ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ √ℑ ℘ ∏ ∏⊆2⊆⊕ ⊂  ⊕⊗ 

ℑ∈⊗℘ ∉ ⊂⊗ 2 ∉ ⊂ ⊂⊕⊗ℑ  ⊕ ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� � � ϒ℘ ℘ ∉ ⊗ ⊃ ∈∩ ∉ ∪⊕ 

ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℜ ⊃ ∈ℑ  ∧ ∠∪ℑ  ⊕ ⊗ ⊃ ℑ ∩  ℑ⊆ �  ∪⊕ 

⊆ℑ¬ ⊃ ⊆ℑ ⊂ ∉ ⊂ ⊃ ⊗ ∉ ⊂∏ℜ ⊃ ⊂ ⊃  ∧ ∉∅ ⊆ℑ∩∈⊕  ⊃ ∏⊆⊃ ∈ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆⊃  

ℑℜ∉∏ � � �′⊕ ℘ ℑ∏  ⊕ ∪⊕ ⊆ℑ∩∈⊕  ⊃ ∏⊆ ℘ ∉∈ ⊕∈∉∅ ∪⊕ ϒ⊂ 2 
� � ↑ ∩ ℑ ⊂ ⊂∉∧ ⊃ ⊂∉⋅⊕ � ∪⊕  ⊕ ⊕¬ ⊃   ∪⊕ ℜ ⊂ℑ ℘ ⊄ ↑ ∩ � ≥⊃ 

∠∪ℑ  ⊕ ⊕ ⊂∉∈∩ℑ  ⊕⊗ ℑ ⊂∉∈∩  ∪⊕ ⊗ ⊃  ⊕ ℘  ⊃ ∉∈ ∠ℑ  ℑ ⊂ ⊂⊕ ⊂  ∉  ∪⊕ 

 ∉ ⊂ ⊂ ⊃ ∈∩ℑ¬ ⊃ ℑ∈⊗ℑ √⊕  ∧ ⊆ℑ ⊂ ⊂ ℑ⊆∉∏∈∉∅⊂ ⊃ ∩∪  2℘ ∉ ⊂∉ ⊕⊗ 
∈∉∈2⊕ ∇∏ ⊃ ⊂ ⊃ ℜ  ⊃ ∏⊆ ∅ ⊃ ∈⊕⊗ ⊃  ∠ ⊕   ⊃ √⊕ Β ∠∪ℑ  ⊕⊃ ∈ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ 
⊆ℑ   ⊃ ¬�ℑ  ∪∉⋅∈⊃ ∈ ƒ⊃ ∩� ��ℑ� �♥∈  ∪⊕ ϒ⊂ 2� � ↑ ∩ ℑ ⊂ 2 
⊂∉∧ �∪∉⋅⊕ √⊕ � ∪⊕  ⊕⊃ ℑ⊂∉∉∅∅ ⊃ ∈⊕⊗ ⊃  ∠ ⊕   ⊃ √⊕ ∉∏∈⊗ Β 
∠∪ℑ  ⊕� ⋅∪ ⊃ ℘ ∪ ℘ ℑ∈ ∠  ⊕√⊕∈ ⊃ ⊂ ⊃ ℘ ∉∈ ⊃ ∈ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ∅  ∉⊆ 

 ⊕∩  ⊕∩ℑ  ⊃ ∈∩ℑ  ∪⊕∩  ℑ ⊃ ∈ ℜ∉∏∈⊗ ℑ  ∧ �ℑ∈⊗ ∏ ℜ  ⊕∇∏ ⊕∈ ⊂∧ � 

⊃  ⋅ℑ  ℘ ∉  ∉⊗ ⊕⊗  ⊂ ⊃ ∩∪  ⊂∧ ℑ ∅  ⊕  ℜ ⊕ ⊃ ∈∩ ⊃⊆⊆⊕   ⊕⊗ ⊃ ∈ 

⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ ��� ε ∅∉��� ∪�ℑ ℘ ℑ∈ ℜ ⊕ ⊕ ⊕∈⊃ ∈ 
ƒ⊃ ∩� ��ℑ� � ×∪⊕℘ ∉ ⊂⊗ 2 ∉ ⊂ ⊂⊕⊗ ϒ⊂ 2� � ↑ ∩ ℑ ⊂ ⊂∉∧ ⋅ℑ ℘ ∉ 2 

# � � � # × ℑ∈�→ ∉∈∅ ⊕   ∉∏  ↑⊕  �≥∉℘�≤∪ ⊃ ∈ℑ         ϒ∠ �����



Φ ιγ .7  ↑⊃ ℘  ∉∩  ℑ∠∪∉∅℘ ∉ ⊂⊗ 2 ∉ ⊂ ⊂⊕⊗  ℑ  ⊕ 

ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧ 
�ℑ � ) ϒ⊂ 2� � ↑ ∩��ℜ� ) ϒ⊂ 2� � ↑ ∩ 

 ∉⊗ ⊕⊗ ⊆∉ ⊕ ⊂ ⊃ ∩∪  ⊂∧ ∅∉⊃ ∠∉  ⊕   ⊕ ℑ ∪∏ ∩⊕ℑ⊆∉∏∈∉∅ 

∅ ⊃ ∈⊕⊗ ⊃ ∠ ⊕   ⊃ √⊕ Β ∠∪ℑ  ⊕� 

4 .2  Εφφεχτσ οφ ιµ µερσ ιον τεµ περατυρε ον µ ολτεν 

σοδιυµ χορροσ ιον οφ αλυµινιυµ2 µ αγνεσ ιυµ αλ2 
λοψ 

×∪⊕⊕ ∅ ∅⊕ ℘  ∉∅⊃⊆⊆⊕   ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕∉∈ ⊆∉ ⊂  ⊕∈ 

 ∉⊗ ⊃ ∏⊆ ℘ ∉  ∉ ⊃ ∉∈ ∉∅ ∪⊕ ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ ℑ  ⊕ ⊕ ⊂ℑ  ⊕⊗ ∉ 

 ∪⊕ℜ ⊕∪ℑ√⊃ ∉∏ ∉∅ ∪⊕∅ ⊃ ∈⊕⊗ ⊃  ∠ ⊕   ⊃ √⊕ Β ∠∪ℑ  ⊕⊃ ∈ Α�ϒ⊂� 
⊆ℑ   ⊃ ¬�♥⊃ ⊄∈∉⋅∈ ∅  ∉⊆  ∪⊕ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ 
ℜ ⊃ ∈ℑ  ∧ ∠∪ℑ  ⊕⊗ ⊃ ℑ∩  ℑ⊆  ∪ℑ   ∪⊕  ⊕⊃ ℑ∈ ⊕∏  ⊕ ℘  ⊃ ℘ ⊕ ℑ ℘  ⊃ ∉∈ 

ℑ ��� ε �⊂ ⊃ ∇∏ ⊃ ⊗ψ ϒ⊂� ↑ ∩ � ϒ⊂ � � Β ∠∪ℑ  ⊕� � • ∪⊕∈  ∪⊕ 

⊃ ⊆⊆⊕   ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕⊃ ⊂∉⋅⊕  ∪ℑ∈ ��� ε � Β ∠∪ℑ  ⊕ 
⋅⊃ ⊂ ⊂ ⊄⊕ ⊕ ∠ ∏∈⊗ ⊃   ∉ ⊂√ℑℜ ⊂⊕ℑ ∅  ⊕  ∪⊕ ϒ⊂ 2� � ↑ ∩ ∠ ⊕ ℘ ⊃⊆⊕∈ 

⊃ ⊃⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ∅∉ℑ⊂∉∈∩ ⊃ ⊆⊕� ⋅∪⊕∈ 

 ∪⊕⊃⊆⊆⊕   ⊃ ∉∈  ⊕⊆∠ ⊕  ℑ  ∏  ⊕⊃ ⊃ ∈℘  ⊕ ℑ  ⊕⊗ ∉ ��� ε � Β 
∠∪ℑ  ⊕ ⋅⊃ ⊂ ⊂ ⊗ ⊃   ∉ ⊂√⊕⊃ ∈ ∉ Α� ϒ⊂�  ∉ ⊂ ⊃ ⊗  ∉ ⊂∏  ⊃ ∉∈ ℑ∈⊗ ℑ 

⊂ℑ  ∩ ⊕ℑ⊆∉∏∈∉∅℘ ∉  ∉ ⊃ ∉∈ ∠  ∉⊗∏ ℘  ∉℘ ℘ ∏ ℑ  ∪⊕∩  ℑ ⊃ ∈ 

ℜ ∉∏∈⊗ ℑ  ⊃ ⊕ ℑ ∅  ⊕  ∪⊕ ϒ⊂ 2� � ↑ ∩ ℑ ⊂ ⊂∉∧  ∠ ⊕ ℘ ⊃⊆⊕∈ ⊃ ⊃ ⊆2 
⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ∅∉��� ∪� ×∪⊕ ∠ ⊕ ℘ ⊃⊆⊕∈ ⊃  

 ∏ℜ ⊇ ⊕ ℘  ⊕⊗ ∉ ⊆∉ ⊕ ⊕ √⊕  ⊕℘ ∉  ∉ ⊃ ∉∈�ƒ⊃ ∩� ��ℜ�� � • ⊃  ∪ 

 ∪⊕ ∠  ∉ ⊂∉∈∩ ℑ  ⊃ ∉∈ ∉∅ ⊃⊆⊆⊕   ⊃ ∉∈  ⊃⊆⊕� ℘ ∉  ∉ ⊃ ∉∈ ⋅⊃ ⊂ ⊂ 

∩  ℑ⊗∏ ℑ ⊂ ⊂∧ ⊕¬ ⊕∈⊗ ∅  ∉⊆  ∪⊕ ∩  ℑ ⊃ ∈ ℜ ∉∏∈⊗ ℑ  ∧  ∉  ∪⊕ 

⋅∪∉ ⊂⊕ ∏  ∅ ℑ℘ ⊕⊂ℑ∧⊕ ∉∅ ∪⊕ ∠⊕ ℘ ⊃⊆⊕∈�ƒ⊃ ∩� ��℘ �� � 

5  ΧΟΝΧΛΥΣΙΟΝΣ 

�� ϒ⊂ 2� � ↑ ∩ ℑ ⊂ ⊂∉∧ ∠∉  ⊕   ⊕ ⊃ ∈∅ ⊕  ⊃ ∉ℑℜ ⊃ ⊂ ⊃  ∧  ∉ 

 ⊕  ⊃  ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℘ ∉  ∉ ⊃ ∉∈ ℑ∈⊗⊃ ℘ ∉  ∉⊗ ⊕⊗℘ ∉∈ ⊃ ⊗ 2 
⊕  ℑℜ ⊂⊕ ⊕ √⊕  ⊕ ⊂∧ ℑ ∅  ⊕ ℜ ⊕ ⊃ ∈∩⊃⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈ ∉⊗ ⊃ ∏⊆ 

ℑ  ⊂∉⋅⊕ ⊃ ⊆⊆⊕   ⊃ ∉∈ ⊕⊆∠⊕  ℑ  ∏  ⊕∅∉ℑ ∪∉  ⊕  ⊃⊆⊕� 

�� ×∪⊕℘ ∉  ∉ ⊃ ∉∈ ℜ ⊕∪ℑ√⊃ ∉∏ ∉∅ ∪⊕ ϒ⊂ 2� � ↑ ∩ℑ ⊂ 2 
⊂∉∧ ⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⊃  ⊕ ⊂ℑ  ⊕⊗ ∉ ∪⊕⊃⊆⊆⊕   ⊃ ∉∈ ⊕⊆2 
∠ ⊕  ℑ  ∏  ⊕ℑ∈⊗⊃⊆⊆⊕   ⊃ ∉∈  ⊃⊆⊕� • ∪⊕∈ ⊃ ⊆⊆⊕   ⊃ ∉∈  ⊕⊆2 
∠ ⊕  ℑ  ∏  ⊕⊃ ⊂∉⋅⊕  ∪ℑ∈ ��� ε � ∪⊕ ∠ ⊕ ℘ ⊃⊆⊕∈⊃ ⊃ ∈⊃  ⊃ ℑ ⊂ 2 
⊂∧ ℘ ∉  ∉⊗ ⊕⊗� ⋅∪⊕∈ ⊃⊆⊆⊕   ⊃ ∉∈  ⊕⊆∠⊕  ℑ  ∏  ⊕ ⊃  ∏∠  ∉ 

��� ε � ⋅⊃  ∪ ∪⊕∠  ∉ ⊂∉∈∩ℑ  ⊃ ∉∈ ∉∅⊃⊆⊆⊕   ⊃ ∉∈ ⊃ ⊆⊕� ∪⊕ 

℘ ∉  ∉ ⊃ ∉∈ ∉∅ ∪⊕ ∠⊕ ℘ ⊃ ⊆⊕∈ ⋅⊃ ⊂ ⊂ ∩  ℑ⊗∏ ℑ ⊂ ⊂∧ ⊕¬ ⊕∈⊗∅  ∉⊆ 

 ∪⊕∩  ℑ ⊃ ∈ ℜ∉∏∈⊗ ℑ  ∧  ∉ ∪⊕ ⋅∪∉ ⊂⊕ ∏  ∅ℑ ℘ ⊕⊂ℑ∧⊕ � 

�� ×∪⊕ ϒ⊂ 2� � ↑ ∩ ℑ ⊂ ⊂∉∧ ⊃ ∠ ⊃   ⊃ ∈∩ 2℘ ∉  ∉⊗ ⊕⊗ ⊕¬2 
  ⊕⊆⊕ ⊂∧ � ⊂ ⊃ ∩∪  ⊂∧ ℑ ∅  ⊕ ⊃⊆⊆⊕   ⊕⊗⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ℑ  

��� ε ∅∉∏ ∠ ∉ ���∪� 

�� ×∪⊕ ℘ ∉  ∉ ⊃ ∉∈ ℜ ⊕∪ℑ√⊃ ∉∏ ∉∅  ∪⊕ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2 
⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧ ⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆ ⊃   ⊕ ⊂ℑ  ⊕⊗  ∉ Β 
∠∪ℑ  ⊕⊃ ∈ ∪⊕ ∠ ⊕ ℘ ⊃⊆⊕∈ � 

�� ×∪⊕ℑ⊗⊗ ⊃  ⊃ ∉∈ ∉∅� � �� � ∩  ℑ ⊃ ∈ ⊕ ∅ ⊃ ∈⊕ �∨⊃  ℘ ∉∈⊃ 2 
∏⊆ �⊃ ∈ ∉ ∪⊕ ϒ⊂ 2� � ↑ ∩ℑ ⊂ ⊂∉∧ ⋅⊃ ⊂ ⊂∩  ⊕ ℑ  ⊂∧⊃ ⊆∠  ∉√⊕ ∪⊕ 

℘ ∉  ∉ ⊃ ∉∈  ⊕  ⊃   ℑ∈℘ ⊕ ∉∅ ∪⊕  ∠ ⊕ ℘ ⊃⊆⊕∈  ∉ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ 2 
∏⊆ � 

Ρ ΕΦΕΡ ΕΝΧΕΣ 

≈�  ↔ ∏⊆⊆⊕ ♠ × ℑ∈⊗ • ⊕ ℜ ⊕ →�⁄⁄������� ����� � 

≈�  ≥∏ ⊗⋅∉  ∪♠←ℑ∈⊗ ×⊃ ⊂ ⊂⊕ ∧ ϒ ″ �×∪ ⊕≥∉⊗ ⊃ ∏⊆ ≥∏ ⊂ ∅∏ ′ℑ   ⊕  ∧ 

≈ ↑  �← ∉∈⊗ ∉∈ � ≤∪ℑ⊆∠ ℑ∈ � ♦ℑ ⊂ ⊂ ←  ⊗����� �� ∗ � � 
≈�  ↑⊕ ∈∈⊃ ℘ ⊄⊕ ≥ � ×∪ ⊕  ℑ  ∏ ℑ∈⊗⊗ ⊕ √⊕ ⊂∉∠⊆⊕ ∈∉ ∅ ∉⊗ ⊃ ∏⊆  ∏ ⊂2 

∅∏ ℜ ℑ   ⊕  ∧ ≈♠  �≥∉ ⊂ ⊃ ⊗≥ ℑ  ⊕♥∉∈⊃ ℘ ����� �� ��� ∗ �� � 
≈�  ≥♥ °⊕ ∈∩ 2℘ ∪⊕ ∈∩� ≡ ♦ ϒ→♣ ⁄ ⊃� ⊕ ℑ ⊂� ″ ⊕ ℑ ℘  ⊃ ∉∈ℜ ⊕  ⋅⊕ ⊕ ∈ 

⊆ℑ  ⊕  ⊃ ℑ ⊂ ∉ ∅ ∪⊕ → ℑ 2≥ ℜ ℑ   ⊕  ∧ ≈♠ � ↑ℑ  ⊕  ⊃ ℑ ⊂  ≥℘ ⊃ ⊕ ∈℘ ⊕ � 

∞∈∩ ⊃ ∈⊕ ⊕  ⊃ ∈∩��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ � �� ∗ �� � 
≈�  ← ♥ ÷⊃ 2⊇ ⊃ ℑ∈∩�≥♥ °⊕ ∈∩ 2℘ ∪⊕ ∈∩�⊕  ℑ ⊂�×∪ ⊕⊕ ∅ ∅ ⊕ ℘  ∉ ∅ℑ ⊂ ⊂∉∧⊃ ∈∩ 

⊕ ⊂⊕⊆⊕ ∈ ∉∈  ∪⊕ ⊕ ℑ ℘  ⊃ ∉∈ ℜ ⊕  ⋅⊕ ⊕ ∈ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ∈⊗ ⊆∉ ⊂  ⊕ ∈ 

 ∉⊗ ⊃ ∏⊆≈♠  �°∪∧ ⊃ ℘ ℑ ⊂ ×⊕   ⊃ ∈∩ℑ∈⊗ ≤∪⊕⊆⊃ ℘ ℑ ⊂ ϒ∈ℑ ⊂∧ ⊃  �°ℑ   

ϒ �°∪∧ ⊃ ℘ ℑ ⊂ ×⊕   ⊃ ∈∩ � ��⊃ ∈ ≤∪ ⊃ ∈⊕  ⊕ � ����� ������ ���� 
∗ ��� � 

≈�  ≥♥ °⊕ ∈∩ 2℘ ∪⊕ ∈∩� ≡ ♦ ϒ→♣ ⁄ ⊃�⊕ ℑ ⊂� ≤∉  ∉ ⊃ ∉∈ ℜ ⊕∪ ℑ √⊃ ∉∏  

∉ ∅ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ℑ∈⊗⊃  ℑ ⊂ ⊂∉∧⊃ ∈ ⊆∉ ⊂  ⊕ ⊗ ∉⊗ ⊃ ∏⊆≈♠ �♠ ∉∏  ∈ℑ ⊂ 

∉ ∅ ≤∪ ⊃ ∈⊕  ⊕≥∉℘ ⊃ ⊕  ∧ ∅ ∉≤∉  ∉ ⊃ ∉∈ ℑ∈⊗° ∉  ⊕ ℘  ⊃ ∉∈ ��⊃ ∈ ≤∪ ⊃ 2 
∈⊕  ⊕ � ����� ������ ���� ∗ ��� � 

≈�  ≡ ♦ ϒ→♣ ⁄ ⊃� ↓⊄∏ ∧ℑ⊆ℑ ″ � → ∉⊆∏  ℑ ∞ �⊕ ℑ ⊂� ≤∉  ∉ ⊃ ∉∈ 

ℜ ⊕∪ ℑ√⊃ ∉∏ ∉ ∅ ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆ ⊃ ∈ ⊆∉ ⊂  ⊕ ∈  ∉⊗ ⊃ ∏⊆ ≈♠ �♠ °∉⋅⊕  

≥∉∏  ℘ ⊕ ����� ��� ��� ∗ �� � 

(Εδιτεδ βψ ΗΥΑΝΓ ϑιν2σονγ) 

# � � � # ∂ ∉ ⊂1��  λ 1�     ≤∉  ∉ ⊃ ∉∈ ℜ ⊕∪ℑ√⊃ ∉∏ ∉∅ℑ ⊂∏⊆⊃ ∈⊃ ∏⊆2⊆ℑ∩∈⊕  ⊃ ∏⊆ ℑ ⊂ ⊂∉∧⊃ ∈ ⊆∉ ⊂  ⊕∈  ∉⊗ ⊃ ∏⊆


