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─ ꜠ⱬꜟ ╩⁸MA ⅜ ∆╢╕≢─ ⁸ ⅛≈ ⌐

⌂ ≢ ∆╢ ⌂ ╩ ⇔≡™╢⁹ ⌂ ⅜

≢⅝╣┌⁸ ─ MA ╩ ⌐╕≢ ≤∆╢↓≤⅜≢⅝⁸

MA ─ ╩ ⌐ ↕∑╢↓≤⅜≢⅝╢⁹ ⌂ ⌐≈™≡│⁸

26 ╕≢─ⱨ▫כ☺ⱦꜞ♥▫ ⌐╟╡⁸ ⌂ ⁸ ⁸⅔╟┘

⌐╟╡⁸ ⅔╟┘ ⌐≈™≡ ⇔⅜ ╠╣≡

™╢⁹ 

│↓╣╠╩ ╕ⅎ⁸ 28 ⅛╠ ╕≢─ 4 ─ ⌂ ⌐╟

╡ ⌂ ─ ╩ ∆╢═ↄ⁸꜡כꜞ♃כ◐ꜟfi ⅔╟┘

ⱪ꜠☻⌐╟╢ ⌐╟╡ ⌂ ╩ ℮≤ ⌐⁸ ⇔√

꜠ⱬꜟ ─ ╩ ⌐⁸ ⁸

─ ╛ ◐ꜗ♬☻♃─ ⁸ ⅛╠─ ꜠ⱬꜟ

╩ ⇔√⁹╕√⁸ ⅜ ⇔√ ─ ╛ ─

╩ ⇔≡ ⌂ ─ ╩ ∆╢≤≤╙⌐⁸MA ─

⌐╟╡ ─ ה ⌐ ∆╢ ⌐≈™≡ ╩ ∫√⁹ 

│ 4◌ ─ ≤⇔≡⁸ ≢ ╠╣√ ╩ ⌐⁸ ⌂

◦☻♥ⱶ─ ⌂ ╩ ╗◦☻♥ⱶ─ ─ ╩ ℮≤≤╙⌐⁸◦☻♥ⱶ╩

∆╢ ─ ⁸⅔╟┘ ⁸ ╛ ╩ ⇔√⁹ ≢│⁸

╩ ⌐ ⇔⁸ ─ ╩ ℮≤≤╙⌐ ⌐

≤⇔√◐ꜗ♬☻♃┼─ ╩ ℮⁹ ≢│⁸ ⌐ ●ꜝ☻ ╩

⇔≡⁸ 50 ─ ◐ꜗ♬☻♃─ ╩ ℮⁹ ≢│⁸ ↕╣╢ MA

─ ⌐≡ ╩ ℮⁹ 

↓╣╠─ ◦☻♥ⱶ ⅔╟┘ ⌐ ≠™≡⁸ ─

─ ╩ ⇔√⁹ ─ ꜠ⱬꜟ │⁸●ꜝ☻ ⌐ ↕╣╢ ─ ≢№╢⁹

꜠ⱬꜟ ╩ ∆╢√╘─ ≤⇔≡│ ≢─ ╩ ⌐∆╢↓≤─ ꜞ♃כ꜡⌂

fiꜟ◐כ ╩ ™√⁹ ≢│ 18 ╩ ╗ ╩ ™⁸ ─

fiꜟ◐כꜞ♃כ꜡╢№≢ ⌐╟╡ ⅛╠ ╩ ⌐ ≢⅝╢↓≤╩ ∆≤≤╙⌐⁸

─fiꜟ◐כꜞ♃כ꜡ ⅔╟┘ ╩ ─ ╩ ╕ⅎ≡ ⇔√⁹ כꜞ♃כ꜡

◐ꜟfi─ ⌂ │⁸ ─fiכ♂ ╩ 250 ϴ ⌐ ≈↓≤≢ ⌐╟╢

≢ ╩ ╡⁸⅛ ≢fiכ♂ 600 ϴ≢⅛ ∆╢⁹∕─ ⁸ ≢│ ↕╣≡



 

 

x 
 

™⌂™ ─fiכ♂ ╩ ╘ 270 ϴ≢ ∆╢↓≤≢ ⇔╛∆™ ╩ ↕∑╢

↓≤≤∆╢⁹ ╛ │⅛ ה ⌐ ⌂ ╩ ∆╢╟℮ ♃כ꜡⁹√⇔

≢fiꜟ◐כꜞ ╠╣╢ ─ ≤⇔≡⁸ ⁸ ─ ⁸ ⁸ ⁸

▬○fi⁸ ╩ ╘√⁹╕√⁸ ─fiꜟ◐כꜞ♃כ꜡ ≢│⁸70 L/h ─

╩ ⌐ ⅛ה ה ≤⇔⁸ ╩ ⇔≡▬fi☿ꜟ◒꜠כfi╛ⱴ♬ⱪ

≢כ♃כ꜠ ╩ꜟכꜙ☺⸗ ≢№╡⌂⅜╠⁸ ┼─ ⅜ ≢№╢╟℮

⌐◖fiⱤ◒♩⌂ ╩ ⇔√⁹↕╠⌐⁸ ─ ─○ⱪ◦ꜛfi≤⇔≡

─ ╩ ⇔⁸ ◐ꜗ♬☻♃⌐ ∂√ ╩⁸ ╩

⇔≈≈⁸☿ꜟ 20 ♩fi ≢ ≢⅝╢ ⇔╩ ╢≤≤╙⌐⁸ ╩

⇔√ⱪ꜠☻ ─ ꜟכꜙ☺⸗─ ╩ ∫√⁹⌂⅔⁸ 3 m×4 m─ ⌂☻Ɑכ☻⌐꜡

╠⅛fiꜟ◐כꜞ♃כ ─ ◐ꜗ♬☻♃┼─ ╕≢─◦☻♥ⱶ╩ ≢⅝╢↓≤╩ ⇔√⁹ 

⌐⁸ ה ─ ╩ ⇔√⁹ ─√╘⌐ ◐ꜗ♬☻♃⌐

↕╣√ │ ●ꜝ☻ ╩ ⇔≡ ∆╢⁹↓─ ⁸●ꜝ☻ ╟╡╙

≤⌂╢√╘⌐ │ ≢⅝╢ⱷꜞ♇♩╩ ⇔√╕╕⁸ ─

≢⁸ ─ ╩ ↕∑⌂™╟℮⌐ ∆╢√╘⁸ ◐ꜗ♬☻♃╩

⌐ 7 ⇔√⁹ │●ꜝ☻ ≤ ═ 29 49 ⁸ ◖☻♩│ 34

49 ≢⅝╢⁹⌂⅔⁸ ⌐ ╦╢ │⁸ ─ ≤ ─ ∆

╢◐ꜗ♬☻♃─ ⌐ ╠╣╢√╘ ┼─ɘ ⅔╟┘ ⅛╠∕╣∙╣

─ ╩ ⇔⁸ ─ ( 0.3  ) ≢ 50 ╩ ⇔√ ⌐╦√

╢ ⌐╟╢ ●☻≢─ │ 15atm⁸ │ ≢╙ 53 µm≤╦⅛╡⁸

⌐⅔↑╢◐ꜗ♬☻♃ ─ 2 ⌐≡ ⌂ ╩ ≢⅝╢↓≤╩ ⇔√⁹ 

╕√⁸ │ 50 ─ ─ ⁸ ה ⇔≡ JAEA≢ ⅜ ╘╠╣≡™

╢ MA ⌐ ∆╢⁹ ─ ─ ⌐╟╢ ≢ ╠╣√ ─ ╩

⌐ ⇔⁸ ─ │●ꜝ☻ ∆╢⁹↓╣│⁸ MA ≡⇔≥כ◘כ꜠♩╩

⇔√ ⌐╟╡⁸MA─ 99 ⅜ ⌐ ≢⅝⁸MA ╩ ≢№╢↓≤⌐╟∫

≡ ⇔⁸ ꜠ⱬꜟ ─ ─ ╛ ┼─ ⌂≥─ ╩

⇔√⁹ 

⌂ ◦☻♥ⱶ─ ⌐≈™≡│⁸ ꜠ⱬꜟ ╩ 25 ↕∑⁸

╩ 75 ↕∑⁸ ꜠ⱬꜟ ╩ 20 ↕∑╢╙

─≤⇔√⁹╕√⁸ ╩ FBR,ADS≤™∫√ ◘▬◒ꜟ⌐ ∆╢≤⁸MA ╩

⇔⁸ ─ ⌐ ⅝ↄ ∆╢↓≤╩ ⇔√⁹ 

─╟℮⌐⁸MA ─ ╩ ⇔⁸ ─ ꜠ⱬꜟ ⌐ ⇔≡⁸

↕╣╢ MA ╩ ∆╢√╘⌐⁸ ꜠ⱬꜟ ╩ ⅛≈ ⌂

≢№╢ ≢ ∆╢ ⌂ ─ ╩ ⇔√⁹ ⌂

⁸ ⁸ ─ MA ┼─ ≤≤╙⌐⁸

─ ╩ ™⁸ ⌂ ◦☻♥ⱶ─ ⌐ ↑√ ╩ ⇔√⁹

≢│⁸ ◔ ⅔╟┘ ─ ─ ╩╙≤⌐ ╩ ⇔⁸

╩ ⌐ ∆╢↓≤╩ ⇔√⅜⁸ ⅜ ─ ─ ⌐

↕╣≡™ↄ↓≤╩ ↄ ∆╢⁹ 



 

 

1- 1 

1 │∂╘⌐ 

─₈◄Ⱡꜟ◑כ ₉[1] ⌐╟╣┌⁸ ⅜ │ 17,000 ♩fi─ ╩ ⇔≡

⅔╡ ╙ ⇔ ↑╢⅜⁸ ꜠ⱬꜟ ⌐≈™≡│ ⌐ ╩ ╡∑∏⁸

─ ≤⇔≡ ╩ ⌐ ╘╢↓≤≤⌂∫≡™╢⁹↓─√╘⁸ ◘▬◒ꜟ╩ ∆

╢≤≤╙⌐⁸ ─ MA╩ ⇔ FBR╛ ADS╩ ™≡ ⌂ ┼ ∆╢↓≤

⌐╟╡⁸ ─ ה ⁸ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™

╢⁹ 

MA ⌐≈™≡│ ≢ ↕╣≡™╢⅜⁸ │ ₁─ ─

╛ ⌐№╡⁸ ─ ⌐│ ⁸MA ⁸

⌐╟╢ ─ ⅜∆═≡ ↕╣⁸∕╣╠╩ ⌂◦☻♥ⱶ≤⇔≡ ╖ →

╢√╘⌐│⁸ ⁸ ─ ╡ ╖⅜ ≤↕╣≡™╢[2][3] ⁹ ⅜ ⌐⅔™≡

│ ⇔ⱪꜟ◘כⱴꜟ ∆╢ ◘▬◒ꜟ⅜ ╦╣╢[1] ⅜⁸ ≢│ MA

⅜ ↕╣≡™⌂™√╘⁸MA╩ ╗ ꜠ⱬꜟ │⁸ ⁸ ∆←⌐●ꜝ☻

↕╣⁸ ≢ 50 ─ ⁸ ⌐ ⌐ ↕╣╢ ≢№╢⁹

●ꜝ☻ │ ⅔╟┘ ⌐⅔™≡ Ᵽꜞ▪≤⇔≡─ ─ ∂ ╘ ⌐

╣≡™╢⅜⁸ ⁸ ●ꜝ☻ ↕╣╢≤ MA─╖╩ ╡ ∆↓≤│ ⌐ ⇔ↄ⁸ ⁸

⅜ ↕╣≡╙ ⌐●ꜝ☻ ↕╣√ ⌐│ ≢⅝∏⁸ ⌐≈

⌂⅜╠⌂™≤™℮ ⅜№╢⁹ 

╩ ∆╢√╘⌐ ⌂ ⁸∆⌂╦∟⁸ ꜠ⱬꜟ ╩●ꜝ☻ ∆

╢ ╦╡⌐ ⌂ ≤⇔≡ ⇔⁸ ⌐ MA╩ ⇔⁸FP╩●ꜝ☻

∆╢₈ ⌂ ₉( 1- 1) ╩ ⇔⁸↓╣╕≢⌐⁸ ⌂⅛ ⁸

⁸ ╩ ™⁸ ⅔╟┘ ─ ⌂

⇔╩ ≡™╢[4] ⁹ │⁸₈ ⌂ ₉⌐≈™≡─ ─√╘─

╩ ℮╙─≢№╢⁹ 

 

 

 

1- 1 ⌂ [4]  

 

 



 

 

2.1- 1 

2  

2.1  

MA ─ ╩ ⇔⁸ ─ ⌐ ⇔≡⁸ ↕╣╢ MA

╩ ∆╢√╘⌐⁸ ꜠ⱬꜟ ╩ ⅛≈ ⌂ ≢№╢ ≢

∆╢ ⌂ ─ ╩ ℮⁹ ⌂ ─ ꜞ♃כ꜡⁸≡⇔≥

fiꜟ◐כ ⅔╟┘ / ⌐╟╡ ⌂ ─ ╩

℮≤≤╙⌐⁸ ⇔√ ─ ╩ ⌐⁸ ⁸

─ ╛ ◐ꜗ♬☻♃─ ⁸ ╩ ℮⁹╕

√⁸ ⁸ ⁸ ─ ╩ ™⁸↓╣╠─

╩ ⌐ ⇔⁸ ⌂ ◦☻♥ⱶ─ ⌐ ↑√ ╩ ∆╢↓≤╩

≤∆╢⁹ ⌐⅔↑╢ ─ ╩ ⌐ ∆⁹ 

(1) ⌂ ◦☻♥ⱶ─  

⌂ ◦☻♥ⱶ─ ╩ ⇔⁸ ⅔╟┘

╩ ╕ⅎ⁸ ─№╢◦☻♥ⱶ ╩ ∆╢⁹ 

(2)  

ᵑ ꜡כꜞ♃כ◐ꜟfi  

꜠ⱬꜟ ─ ⁸ ⁸ ╩ ⇔≡ fiꜟ◐כꜞ♃כ꜡℮ ╩ ה

⇔⁸ ╩ ⌐ ╩ ™⁸ ╩ ∆╢⁹ 

ᵒ  

─ ⁸ ⁸ ⁸ ⁸ ⁸ ─

╩♃כ♦ ⇔⁸ ╩ ∆╢⁹ 

ᵓ  

─☿ꜟ ↑ ╩ ∆╢⁹ 

(3) /  

ᵑ  

─ ה ⌐╟╢ ⅔╟┘ Ɑ꜠♇♩─ ╩

™⁸ ─ ה ╩ ∆╢⁹ 

ᵒ  

─ ╩ ™⁸ ─ / ╩ ⌐⁸ ╩

∆╢≤≤╙⌐⁸MA ─ ⌐╟╡ MA ┼─ ╩ ∆╢⁹ 

(4)  

ᵑ  

─ ╩ ⌐ ╩ ∆╢≤≤╙⌐⁸ ⌐╟

╡ ╩ ∆╢⁹ 

ᵒ ─  

╩ ⇔≡ ─ ╛ ╩ ⇔ ─ ╩

∆╢⁹ 

ᵓ ◐ꜗ♬☻♃─  

─◐ꜗ♬☻♃─ ⁸ ⌐╟╢ ╩ ⇔⁸ ╩



 

 

2.1- 2 

∆╢⁹ 

(5) ⌂ ─  

ᵑ  

MA ╛ ⅜ ⇔√ ─ ⅔╟┘ ┼─ ╩

ה ∆╢⁹ 

ᵒ MA/FP  

⌐╟╢ FBR/ADS─ MA ─ ╩ ⇔⁸ ⌂

─ ╩ ∆╢⁹ 

(6)  

─ ≢ ⌐⅔↑╢ ╩ ⌐⇔≡ ╩ ╘╢≤≤╙⌐⁸ ↄ ╩

⅝⌂⅜╠ ╩ ╘╢√╘ ╩ ∆╢⁹ 

⌐⅔↑╢ 4 ─ ╩ 2.1- 1⌐ ∆⁹  

 

2.1- 1 4 ─  

⁷⁷

(1) ⌂ ◦☻♥ⱶ─
⁷

(2)
⁷ᵑ꜡כꜞ♃כ◐ꜟfi
⁷⁷
⁷ᵒ
⁷⁷
⁷ᵓ
⁷⁷

(3) /
⁷
⁷ᵑ
⁷⁷
⁷ᵒ
⁷⁷

(4)
⁷ᵑ
⁷⁷
⁷ᵒ ─
⁷⁷
⁷ᵓ ◐ꜗ♬☻♃─
⁷⁷

(5) ⌂ ─
⁷
⁷ᵑ

⁷ᵒMA/FP

(6)

28 29 30 31 (

MA

FBR

 

 



 

 

2.2- 1 

2.2 ─ ─ ⅔╟┘ ─  

(1) ⌂ ◦☻♥ⱶ─  

⌂ ◦☻♥ⱶ≤⇔≡ ⇔√ ─◦☻♥ⱶ ⌐ ⇔≡⁸ ⌐⅔↑╢

ה ╩ ⇔√ ╩ ⌐⁸◦☻♥ⱶ ─ ╡ ╖╩ ℮⁹ 

(2)  

ᵑ ꜡כꜞ♃כ◐ꜟfi  

╩ ™≡ ⱪ꜡☿☻ ╩ ™⁸ ⱪ꜡☿☻⌐ ⇔≡ ─ ╩ ∆

╢⁹╕√⁸ ⅛╠ ─ ╩ ™ ≢─ ╩ ∆╢⁹ 

ᵒ  

Ᵽ♇♅ ┘╟⅔fiꜟ◐כꜞ♃כ꜡ ⱪ꜡☿☻ ⌐≡ ⇔√ ─ Ⱶ◒

꜡ ⁸ ╩ ∆╢≤≤╙⌐⁸ ⁸ ⁸ ⁸ ⁸ ─ ╩ ∆

╢⁹ 

ᵓ  

╢╟⌐fiꜟ◐כꜞ♃כ꜡ ꜠ⱬꜟ ⅛╠─ ⌐≈™≡⁸

╩ ⌐⁸ ≤☿ꜟ ╩ ⇔√ ─ ⌂ ╩ ℮⁹ 

(3) /  

ᵑ  

≡⌐fiꜟ◐כꜞ♃כ꜡ ⇔√ ⌐≈™≡⁸ ╛ ╩Ɽꜝⱷכ♃≤⇔√

╩ ⇔⁸ ⁸ ⁸ ╩ ∆╢⁹ 

ᵒ  

─ ⅔╟┘ MA ─ ╩ ∆╢√╘⁸MA♩꜠כ◘כ╩

⇔√⅛ ─ ≤ ╩ ⇔⁸MA─ ⌐ ╩♃כ♦╢∆ ∆╢⁹╕√⁸

( ) ⁸ ≤ ⁹ ⌐⅔™≡ ─♪ꜟכ◖√⇔ ─ ╩

∆╢⁹ 

(4)  

ᵑ  

≢ ╠╣√ ╩ ⌐⁸ ─ ⌐

⌂ ⸗♦ꜟ⁸ ╩ ה ⇔⁸ ╩ ∆╢⁹ 

ᵒ ─ ─  

╩ ™≡ɘ ╩ ™⁸ ⅔╟┘ NOx ⅔╟┘ ─

╩ ™⁸∕─ ╩ ∆╢⁹ 

ᵓ ◐ꜗ♬☻♃─  

◐ꜗ♬☻♃ SUS304L⌐ ⇔≡⁸ ⅔╟┘ ⌐╟╢ ╩ ∆╢⁹╕√⁸

NaNOϓ ─ ⌐≡ ╩ ⇔≡ ⇔⁸SEM- EDX ⅔╟┘ XRD ⌐╟╡

ה ∆╢⁹◐ꜗ♬☻♃─ ⌐ ∆╢√╘─ ╩ ∆╢⁹ 

(5) ⌂ ─  

ᵑ  

⅜ ⇔√ ─ ⅔╟┘ ┼─ ╩ ∆╢⁹ 
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ᵒ MA/FP  

MA ◦☻♥ⱶ≤⇔≡ FBR╩ ⇔√ ⌐⅔™≡⁸ ⌂ ─ ⌐╟╢▪

◒♅♬♪ ─ ⁸MA ╩ ⇔⁸ ┼─ ╩ ∆╢⁹ 

(6)  

─ ≢ ⌐⅔↑╢ ╩ ⌐⇔≡ ╩ ╘╢≤≤╙⌐⁸ ↄ ╩

⅝⌂⅜╠ ╩ ╘╢√╘ ╩ ∆╢⁹ 

─ ─ ╩ 2. 2- 1⌐ ∆⁹ 

 

2.2- 1 ─  

 

 

 



 

 

3. 1- 1 

 

3.  ─ ⅔╟┘  

3.1 ⌂ ◦☻♥ⱶ─ ₒH28- R1x  

⌐⅔™≡ ∆╢ ꜠ⱬꜟ ╩ ⇔≡⁸ ∆╢ MA ╩

∆╢↓≤⅜≢⅝╣┌⁸MA ─ ─ ╩ ⌐ ↕∑╢↓≤⅜ ≤⌂

╢⁹↓─√╘⌐⁸ ⌂ ⁸∆⌂╦∟⁸ ꜠ⱬꜟ ╩●ꜝ☻ ∆╢ ╦╡⌐

⌂ ≤⇔≡ ⇔⁸ ⌐ MA╩ ⇔⁸FP╩●ꜝ☻ ∆╢

⌂ [ 4]╩ ⇔≡™╢⁹ ⌂ ─ ≢│⁸ ⌐╟╢

─ ╩ ℮≤≤╙⌐⁸ ⌐╟╢ ╩ ╕ⅎ⁸ 1- 1⌐ ⇔√ ⌂

◦☻♥ⱶ─ ╩ ◦☻♥ⱶ─ ┼ ≤⇔ ╗⁹ ≢│⁸ ⌂

◦☻♥ⱶ─ ≤⇔≡⁸ ╛ ╩ ⇔√ ╩ ⇔⁸ ⌐

⅔↑╢ ─ ╛ ╩ ╕ⅎ≡◦☻♥ⱶ ╩ ╖ →╢≤≤╙⌐⁸

⌂ ╩ ⇔≡◦☻♥ⱶ ╩ ∆╢⁹╕√⁸ ⌂ ◦☻♥ⱶ╩ ∆╢

≢№╢ ⁸ ⁸ ⅜ √∆═⅝ ╩

∆╢⁹ ⌐⅔↑╢ 4 ─ ≤⇔≡⁸ 3.1- 1⌐ ∆╟℮⌐⁸╕∏⁸ ∆╢═

⅝ ─ ╩ 3.1.1 ⇔⁸ ⌐⁸ ⇔√ ◦☻♥ⱶ ─ ╩

∫≡ ≤⌂╢◦☻♥ⱶ ╩ 3.1.2 ⇔⁸◦☻♥ⱶ ─ 3.1. 3 ╩

℮⁹ 

 

3.1.1  ⌂ ─ ─  ₒH28x  

⌂ ╩ ∆╢ ─ ⌐≈™≡ [4] ─ⱨ▫כ☺ⱦꜞ♥▫

╛ ─ ╩ ╕ⅎ⁸ ≢ ≤∆╢ ─ ה ╩ ∫√⁹ 

⌐⅔™≡ ∆╢ ꜠ⱬꜟ ╩ ∆╢ MA ⌐ ∆╢√╘

⌐⁸ ꜠ⱬꜟ ╩MA ╕≢ ⇔⌂⅜╠ ∆╢ ╩ 50 ≤

ⅎ√⁹↓─ 50 ╩ ⇔√ ─ ≤⇔≡⁸●ꜝ☻ ⁸ ⁸⅛ ⁸⅛

⁸ ( ⇔√⅛ ) ╩ ⇔⁸MA ◖☻♩⅔╟┘ ◖☻♩ ─

⅛╠ ⅝⌂ ⅜ ⇔⌂™ ─ ╩ ∫√⁹⌂⅔⁸↓↓≢ ℮⅛ ≤│⁸

╩ ╦∏⌐ ꜠ⱬꜟ ╩ ↕∑√⅛ ≢│⌂ↄ⁸ ⌐ ↕╣╢ ≢ ⌐

●☻⅜ ⇔⌂™╟℮⌐⁸ ─ ╙⇔ↄ│ ⌐≈™≡ ╩ ∂╢ ≢ ⇔

⌐ ↕∑√╙─╩ ∆⁹ ─ ⁸●ꜝ☻ │ ─ ⌐⁸╕

√ │⁸ ─ ⌐ ⅝⌂ ⅜ ⇔√⅜⁸ ⌐╟╢ ⌐│ ⌂

│⌂ↄ⁸ ─ ⁸ ─ ⁸ ⁸MA ─ ⅜ ≤⌂

╢⅜⁸ ⌐ ↑√ ─ ≢№╢≤ ⇔√⁹⌂⅔⁸ ≢ ℮ ≤│⁸⅛

╩№╢ ─◘▬☼⌐╕≤╘√╙─≢№╡⁸∕─ ─ │⁸ ─ ≤

≤╙⌐⁸ ─ ⁸ ─ ≢№╢⁹╕√⁸ ╩ ⇔√╙─╩ ≢

│ ≤ ┘⁸↕╠⌂╢ ─ ⅔╟┘ ─ ╩ ∫√ ≢№╢⁹

╕√⁸ ─ ≤⇔≡⁸ [ 5,6] fiꜟ◐כꜞ♃כ꜡⁸╡╟ ⁸ ⁸ⱴ▬◒

꜡ ⌐≈™≡ ⇔√⁹↓─ ⁸ ⌐╟╢ ─ ╩ ╢≤ ⅜

╛ꜟכ◖ꜟ▪⁸╠⅛≥↓╢⌂≥ ≢│⌂ↄ ⌐╟╢ ⅜ ⌂ ≤⇔≡⁸

⅜ ≢№╡⁸ ≢─ ⌐ fiꜟ◐כꜞ♃כ꜡╢№─ ╩ ⇔√⁹ 



 

 

3. 1- 2 

 

3.1.2  ◦☻♥ⱶ ≤∕─ ה ה  ₒH29 H30x  

≢│⁸ ⌂ ╩ ∆╢ ─ ╩ ╖ ╦∑√ ─№╢

─◦☻♥ⱶ ╩ ⇔⁸◦☻♥ⱶ ─ ╡ ╖╩ ⇔√⁹ 

│⅛ ─⅛ ⌐ ∂≡∕─ ⅜ ⌂╢⁹∆⌂╦∟⁸150 ϴ ─

≢№╣┌ ≤ ─ ⇔√╒╓ ─ ≤⌂╡⁸900 ϴ ─ ≢№╣┌╒╓

≤⌂╡⁸∕─ ─ ⌐⅔™≡│ ≤ ⅜ ⇔√ ≤⌂╢⁹

─⅛ │ 300 ϴ 900 ϴ─℮∟─ ⌂ ≤ ⅎ≡⅔╡⁸300 ϴ⁸600 ϴ⁸900 ϴ╩

⅛ ≤⇔√ ╩ ™╢◦☻♥ⱶ╩ ⇔√⁹╕√⁸ ⅛ ─ ╩ ⱪ꜠☻⌐

╟╡ ∆╢○ⱪ◦ꜛfi╩ ⅎ⁸ ─☻כ◔6 ╩ ™√◦☻♥ⱶ ╩ ◦☻♥ⱶ

≤⇔√⁹ 

⌐ ⇔≡⁸ ⅛ ╩ 300 ϴ⁸600 ϴ≤⇔√⅛ ─

│⁸ ⌐╟╢ ⅜ ⌐ ⅝⁸ ⅜ ⌐ ∆╢↓≤⅜╦⅛∫√⁹ ⁸

⅛ ╩ 900 ϴ≤⇔√ ⅛ ─ │ ⌐╟╢ │╒≤╪≥ ╠╣⌂

™⅜⁸ ⌐╟╢ ─ ≤∕─ ⌐╟∫≡ ╩ ╘╠╣╢ ⅜

№╢⁹╕√⁸ ⅛ ╩ 300 ϴ⁸600 ϴ⁸900 ϴ≤⇔√ ─ ⱪ꜠☻⌐╟╢

≢│™∏╣╙ 8kN/10mmɫ ─ ≢ ⅜ ≢№∫√⁹ ⁸ ⌐

│ Ru ╛ ─ ≤™∫√ ─ ╙ ∆╢⁹ ⅛ ⅜ ─ ⌐│

⌐╦∏⅛⌐ ⅜ ⇔≡ ⌐ ∆╢ ⅜№╡⁸ ─ │

⌐ ⇔≡⅔ↄ ⅜№╢⁹ ─ Ru ⌐≈™≡│⁸ ⇔√ Ru╩♩ꜝ♇ⱪ∆╢↓

≤≢ ≢⅝╢⁹ ─ ⌐≈™≡│⁸ ╩ ⇔√ ─ ◐ꜗ♬

☻♃─ │⁸ ≤ ⅜∟╞℮≥ ∟ ⇔ ℮↓≤⌐╟╡⁸ ─

╩ ∆╢ ≤ ⅝ↄ│ ╦╠⌂™⁹╕√⁸ ─ ⌐≈™≡│⁸

⌐ ∆╢ɘ ╩ ⇔√≤↓╤ ─ NOx≤ H2⅜ ⇔√⅜⁸ ─

⅝™⅛ ⅜ ─ ─ ⌐⅔™≡╙ ⌂≥─ ╩ ╣┌ │ ↕™⁹

╕√⁸ ≤◐ꜗ♬☻♃ ≤─ ⌐≈™≡╙⁸™∏╣─ ≢⅛ ⇔√ ╩ ⇔

√ ≢╙ 50 ─ │ ↕™⁹╕√⁸ ⅛ ─ ┼─ ⌐≈™≡⁸⅛

╩ 900 ϴ≤⇔√ ╩ ™╢ │⁸ ╩▪ꜟ◌ꜞ ≢ ∆╢ ⅜

∂╢⅜⁸∕─ ─☻כ◔─ ≢│ ┼─ ⅜ ⌐ ╗↓≤⅜╦⅛∫√⁹ 

↓╣╠─ ─ ╩ ╕ⅎ√ ⌐╟╡⁸ ◦☻♥ⱶ ─ ⌐≈™≡

╙≥☻כ◔⁸6╤↓≥√⇔ ⌂ ⅜№╢≤ ↕╣√ │ 1≈╙⌂ↄ⁸™∏╣─◦☻

♥ⱶ ⌐≈™≡╙ ∆╢↓≤⅜ ≢⅝√⁹↕╠⌐⁸◦☻♥ⱶ ╩ ⇔≡◦☻♥ⱶ ╩

╡ ╗√╘⁸ ◦☻♥ⱶ ⌐≈™≡⁸ ⌂ ◦☻♥ⱶ⌐ ╦╢

ה ה ─ ⁸↓╣╠─ ⁸⅔╟┘ ─

╩ ∫√⁹ ⌐≈™≡│⁸∕─ ◖☻♩│ ⌐ ╗≤⇔⁸ ⌐ ⅜

⅛≥℮⅛╩ ≤∆╢≤⁸ ─ ⌐│ ─ ™ ─ ⅜ ≤⇔≡

╘╠╣╢√╘⁸ ⌐ ╘≡₃×⌐≡ ╩ ∫√⁹╕√ ◦☻♥ⱶ─

─ │⁸≢⅝╢∞↑ ─ ⌐╟∫≡⁸ ⌐ ∆╢ ─℮

∟ MA╩ ⇔√●ꜝ☻ ─ ╩ ╠⇔⁸ ─ ↄ╩MA ⌐≈⌂→╢↓



 

 

3. 1- 3 

 

≤⅜ ⌐ ≢№╢√╘⁸ ─ ⅔╟┘◦☻♥ⱶ ─ ⌐╟╢ ◦

☻♥ⱶ─ ─ ⅜⁸ ◦☻♥ⱶ ─ ─ ≤⌂╢⁹↓─√╘⁸

◦☻♥ⱶ ─℮∟⅛╠ⱬכ◔╢⌂≥☻כ☻╩ ⇔⁸∕╣⌐ ⇔≡╒⅛─◦☻♥ⱶ ≢ ≤

⌂╢ ─ ⅜ ⌐ ∆╢⅛≥℮⅛╩ ⇔√⁹ ⌐≈™≡

╙ ⌐ⱬכ◔√⇔≥☻כ☻⅛╠─ ⌐╟∫≡ ⇔√⁹⌂⅔⁸ │◖☻♩≢│

╣⌂™ ≢№╢√╘⁸ ─ ╟╡╙ ⇔≡ ⅎ√⁹↓╣╠─ ╩

3.1 - 1⌐ ∆⁹ 

∕─ ⁸ ⁸∆⌂╦∟ ⌐ ╩ ϴ ⁸300≡⇔≥☻כ◔∆╓

⅛ ─ ⅔╟┘ ╩ ⇔√◦☻♥ⱶ│⁸⅛ ─ ⅛╠ TBP⅔╟┘∕─

≤™∫√ ╩№╠⅛∂╘ ∆╢√╘─ ◦☻♥ⱶ─ ⅜ ≢№╡⁸╕√⁸

900 ϴ⅛ ─ ⅔╟┘ ╩ ⇔√◦☻♥ⱶ│ ─ ─ ⅜

≤⌂╢√╘⌐⁸™∏╣╙ ⅜ ╣╢ ⅜╦⅛∫√⁹600 ϴ⅛ ─ ⅔╟

┘ ╩ ⇔√◦☻♥ⱶ│⁸╒⅛─◦☻♥ⱶ≤ ⇔≡ ⅜ ╙ ™≤

╠╣╢√╘⁸↓─ 2≈─◦☻♥ⱶ ╩ ≤⇔≡ ⇔√⁹ 

 

3.1.3  ⌂ ─ ─ ₒR1x  

│⁸ ╕≢⌐ ⇔√ 600 ϴ⅛ ─ ╩ ⇔√◦☻♥ⱶ ╩ ≤⇔⁸

600 ϴ⅛ ─ ╩ⱪ꜠☻ ⌐╟∫≡ ∆╢↓≤╩○ⱪ◦ꜛfi≤⇔≡⁸ ─№╢

◦☻♥ⱶ─ ╩ ⇔⁸◦☻♥ⱶ ─ ╩ ∆⁹↓↓≢ ℮◦☻♥

ⱶ ≤│⁸ ה ─ ⅛╠ ╩ ≈ ⌂ ◦☻♥

ⱶ ╩ ╡ √∑╢√╘─ ≢№╡⁸◦☻♥ⱶ ─ ≤│◦☻♥ⱶ ─

≢⁸ ⁸ ⁸ ∕╣∙╣⌐ ╘╢ ╩ ∆⁹ 

 

( 1)◦☻♥ⱶ  

≢ ╠╣√ ╩ ╕ⅎ⁸ ⌂ ◦☻♥ⱶ ─ ╩ ∫√⁹

3.1- 2⌐ ∆╟℮⌐⁸ ⌂ ◦☻♥ⱶ│ ⱨ▼⁸☼כ ⱨ▼⁸☼כ

ⱨ▼כ☼─ 3≈─ⱨ▼כ☼⌐ ⅛╣╢⁹ ⱨ▼⁸│≢☼כ

╩ ⌐ ⇔⁸ ─ ╩ ℮≤≤╙⌐ ◐ꜗ♬☻♃┼─ ╩ ℮⁹

ⱨ▼⁸│≢☼כ ⌐ ●ꜝ☻ ╩ ⇔≡⁸ 50 ─ ◐

ꜗ♬☻♃─ ╩ ℮⁹ ⱨ▼⁸│≢☼כ ↕╣╢ MA ─

⌐≡ ╩ ℮⁹ 

│ ⌐≡ ℮↓≤⌐⇔≡™╢√╘⁸ ⌂ ◦☻♥ⱶ⌐⅔↑╢

│ ⌐ ≢№╢↓≤⅜ ╘╠╣╢⁹ ─ ꜠ⱬꜟ │⁸

⁸●ꜝ☻ ⌐ ↕╣╢ ─ ≤⇔⁸▪ꜟ◌ꜞ ╛ TBP⅔╟┘∕─

⁸ ╩ ╪∞╙─≤∆╢⁹ ꜠ⱬꜟ ╩ ∆╢√╘─ ♃כ꜡│≡⇔≥

╩fiꜟ◐כꜞ ™⁸ ≤⌂╢⅛ ─ │ 600 ϴ≤∆╢⁹↓─꜡כꜞ♃כ◐

ꜟfi│ ⌐ ↕╣╢√╘⁸ ⅜ ≢№╢ ≢fiꜟ◐כꜞ♃כ꜡⁹╢№⅜

↕╣√ ⌐│⁸ ─ ⅛╠⁸ ─ ╩ ↕∑⌂™√╘ ─



 

 

3. 1- 4 

 

╩ ╕⌂™↓≤⅔╟┘ ─ ╩ ∆╢√╘ ⅜ ⇔≡™⌂™↓≤⅜ ╘

╠╣╢⁹╕√⁸ ⇔√ ─ ◐ꜗ♬☻♃┼─ ╙ ≢ ℮⁹⌂⅔⁸↓

╣╠ ─ │ ─ ╩◌Ᵽ⁹╢∆≥─╙╢⅝≢כ 

◐ꜗ♬☻♃⌐ ↕╣√ │ ●ꜝ☻ ╩ ⇔≡ ∆╢⁹ ●

ꜝ☻ │⁸ ≢ ↕╣√●ꜝ☻ ◐ꜗ♬☻♃╩ ─

⌐ ∆╢ ≢№╡⁸ ≤ ─ ⌐ ╩ ↕∑≡ ∆╢≤™℮ ⌐⌂

∫≡™╢√╘⁸ │⁸ ─ ≢№╢↓≤⅜ ╘╠╣╢⁹ │●ꜝ☻

≤ ⇔●ꜝ☻ ╩ ╕⌂™√╘⌐ ⅜ ↄ⁸ ◐ꜗ♬☻♃╟╡ ╩ ↄ∆

╢ ⅜№╢⁹↓─√╘⁸ │ 15cm ─ ◐ꜗ♬☻♃⌐ ⇔≡ ╩ ∆

╢≤≤╙⌐⁸↓╣╩ ⌐ 7 ⇔≡●ꜝ☻ ╟╡╙ ─ ╩ ℮⁹╕√⁸

◐ꜗ♬☻♃ ⌐ ℮ ╩ ─ ∆╢ ⌐ ╢√╘⁸ ◐ꜗ♬☻♃

│ ◐ꜗ♬☻♃≤ ─ SUS304L≤∆╢⁹⌂⅔⁸ ⅜ ⌐⌂∫√ ⌐│⁸

●ꜝ☻ ╩∕─╕╕ ™≡ ─ ◐ꜗ♬☻♃ ╩ ∆╢⅜⁸

─ ●ꜝ☻ ⅝☻Ɑכ☻⌐≈™≡╙ ⌐ ∆╢⁹ 

│ 50 ─ ─ ⁸ ה ⇔≡ ─ ╘╠╣≡™╢MA

⌐ ∆╢⁹ JAEA ≢ ⅜ ╘╠╣≡™╢ MA

│⁸ ⱪ꜡☿☻⅛╠─ ⅛╠ MA╩ ⌐╟∫≡ ∆╢ ≤⇔≡

⅜ ╘╠╣≡™╢[ 3]√╘⁸∕↓⌐ ↕∑╠╣╢╟℮⌐ ─ │ ≤∆╢⁹

⌐╟╢ ≢ ╠╣√ ─ ╩ ⌐ ∆╢↓≤≤⇔⁸ ─

│●ꜝ☻ ∆╢⁹↓↓≢⁸ ≢№╢ MA⅜ ⌐ ⇔√ ⁸MA╩ ∆

╢●ꜝ☻ ⅜ ↕╣╢↓≤⌐⌂╡⁸ ⅜ ∆╢─≢⁸ ─

┼─ MA │ 95 ≤∆╢⁹ 

⌂ ◦☻♥ⱶ─ ⌐ ∆╢ ⌐≈™≡│⁸ ꜠ⱬꜟ ╩ 25 

↕∑⁸ ╩ 75 ↕∑⁸ ꜠ⱬꜟ ╩ 20 

↕∑╢╙─≤∆╢⁹ 

 

( 2)◦☻♥ⱶ ─  

◦☻♥ⱶ ─ ⁸ ≢ ╠╣√ ╩ ╕ⅎ⁸ 3.1- 2─╟℮⌐◦☻

♥ⱶ ─ ╩ ⇔√⁹ 3.1- 3⌐ ∆╟℮⌐ ⌐≈™≡│⁸

─●ꜝ☻ ≤ ─ ⅜ ╘╠╣╢√╘⁸ 70L/h╩ ≢⅝╢꜡

╩fiꜟ◐כꜞ♃כ ∆╢⁹ ─ ─ ─ ╩ כꜞ♃כ꜡⌐╘√╢∆

◐ꜟfi⌐ ╩ ↑⁸ ─ ╩ 10 µm ≤∆╢≤≤╙⌐⁸ ─

╩ ∆╢√╘⁸ ─ ─ ╩ 0.1mm ≤∆╢⁹╕√⁸ ◦☻♥

ⱶ─ ╩ ꜟכꜙ☺⸗│fiꜟ◐כꜞ♃כ꜡⁸⌐╘√╢∆≥ ⇔≡ⱴ♬ⱪ꜠כ♃כ≢

≤∆╢⁹⌂⅔⁸ ─↕╠⌂╢ ─√╘⁸ ◦☻♥ⱶ─○ⱪ◦ꜛfi≤⇔≡

─ ╩ ℮ ╠⅛fiꜟ◐כꜞ♃כ꜡⁸│ ↕╣√ ⌐ ⇔ ⱪ꜠☻╩ ℮⁹ 

⌐⁸ ⌐≈™≡│⁸ 3.1- 4⌐ ∆╟℮⌐⁸●ꜝ☻ ╩ ∆╢√

╘⁸◐ꜗ♬☻♃ │ ≤ ≤∆╢⁹ ─ ╩ ╗ │ ⅜ ↄ⁸

≤⌂╢ │ ─ ( 260 ϴ) ≤⇔⌂↑╣┌⌂



 

 

3. 1- 5 

 

╠∏⁸╕√⁸ │ ─ 65 ϴ ≤∆╢√╘⁸ 14.6cm─

◐ꜗ♬☻♃╩ ⌐ 7 ↕╣√ ≢ ∆╢↓≤⌐∆╢⁹◐ꜗ♬☻♃│

╩ ∆╢√╘⌐ ╩ 2.0mm≤⇔ ∆╢⁹ ⌐≈™≡│⁸ 3.1- 5⌐ ∆╟℮⌐⁸

─ ⌐ ⌂╟℮⌐ ≤⇔⁸ ─ ⌂≥╩ ∫√ ≢ MA

⌐ ∆╢⁹1000 ─ ╩ ↕∑╢√╘⌐ ┼─ MA │ 95 

≤∆╢⁹○ⱪ◦ꜛfi≢№╢ ─ ⌐ ⇔≡│ ≤ ─ MA ≤

∆╢⁹ 

 

( 3) ⌂ ─  

3.1- 6⌐ ⌂ ─ ╩ ∆⁹ 3.1 ≢│⁸ 3.1- 6⌐ ∆ ≢

∫√ ─ ╩ ╘√⁹∆⌂╦∟⁸◦☻♥ⱶ ╩ ╘╢≤≤╙⌐◦☻♥ⱶ─

╩ √∆ ─ ╩ ⇔√⁹↓↓≢ ⇔√◦☻♥ⱶ ⅔╟┘ ─

─ ≢⁸∕─ ⌐∕╣∙╣─ ⌐ ∆╢ ⌂ ה ה

╩ ⇔√⁹∕╣╠─ ⌐≈™≡│ 3.2 3.4 ⌐≡ ∆╢⅜ ⌐ ╩ ∆╢⁹ 

─ ─ ⌂ │ 3.2 ┘⌐ 3.3.1 ⌐ ∆╢⁹3.2.1 ≢

│ ─fiꜟ◐כꜞ♃כ꜡ ╩ ═⁸3.2.2 ≢│ ╠╣╢ ╩ ⇔⁸3.2.3

≢│ ─fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ⌂ ╩ ∆╢⁹3.3.1 ≢│○ⱪ◦ꜛfi

≤⇔≡ ╩ ╘√ ⱪ꜠☻─ ⁸∆⌂╦∟ ⱪ꜠☻ ─ ה ⁸ ╠╣╢

─ ╩ ∆⁹ ╩ √∆ fi│⁸70L/hꜟ◐כꜞ♃כ꜡

─ ╩ ⌐ ⅛ה ה ≢⁸☿ꜟ ≢ ↕╣√ ╩◐ꜗ♬☻

♃ ╕≢ ⌂╙─≤⌂∫≡™╢⁹ ╩ ⇔≡▬fi☿ꜟ◒꜠כfi╛ⱴ♬ⱪ꜠כ♃כ

≢ ╩ꜟכꜙ☺⸗ ≢№╡⌂⅜╠⁸ ⌐ ⌂╟℮⌐ 3m×3m ─

⌐ ⌂◖fiⱤ◒♩⌂ ─fiꜟ◐כꜞ♃כ꜡─↓⁹√⇔≥ ⌂ │⁸ כ♂

fi─ ╩ 250 ϴ ⌐ ≈↓≤≢ ⌐╟╢ ≢ ╩ ╡⁸⅛ ≢fiכ♂

600 ϴ≢⅛ ∆╢⁹∕─ ⁸ ≢fiכ♂ 270 ϴ≢ ∆╢↓≤≢⁸1 ─

≢ ꜠ⱬꜟ ⅛╠ ╩ ∆╢⁹ ╛ │⅛ ה ⌐ ⌂ ╩

∆╢╟℮ ≢fiꜟ◐כꜞ♃כ꜡⁹√⇔ ╠╣╢ ─ │⁸ 10 µm ≢№╡⁸

─ │ 0.1 mm ⁸ │ 3.5 g/cm3⁸ │ ≢ 0.8 W/m/K⁸ ▬○

fi│ 30 wt ⁸ ◐ꜗ♬☻♃┼─ ─ │ 0.3 wt ≤⇔√⁹○ⱪ

◦ꜛfi≤⇔≡─ ⱪ꜠☻⌐│⁸☿ꜟ ─ 20 ♩fi ─ ≢⁸ ◐ꜗ♬☻♃ ─

╩⁸70 L/h ≢ ↕╣╢ ꜠ⱬꜟ ⅛╠ ↕╣╢ ╩ ╡⌂ↄ

∆╢⁹ 

─ ─ ⌂ │ 3.4 ⌐≡ ◐ꜗ♬☻♃─ ≤⇔≡ ∆

╢⁹ ⁸ ─ ⁸◐ꜗ♬☻♃ ─ ⅛╠ ⇔√ ⁸ ◐ꜗ♬

☻♃│⁸ 14.6cm⁸ 2 ⁸ 15cm⁸ 123cm⁸ ↕ 108cm⁸ 7

─ ─ 15.4cm⁸ 3 ⁸ 58cm≤ ⇔√⁹⌂⅔⁸ ⁸

↕⁸ │●ꜝ☻ ≤ ∂≢№╢⁹ 

─ ─ ⌂ │ 3.3.2 ⌐≡ ≤⇔≡ ═╢⁹MA

─ ⌐≡⁸ ─ ╩ ⌐ ⇔≡ 90 ϴ╕≢ ⇔⁸24h ⇔



 

 

3. 1- 6 

 

√ ⁸ ∆╢⁹ ⌐⁸ ≤ ╩ №╢™│ⱨ▫ꜟ♃כ⌐╟╡ ⇔√ ⁸ ─

╩ ─ ≤⇔≡ ⇔√ 3.0M⌐⌂╢╟℮ ⇔⁸MA ⌐ ∆╢⁹

│⁸ ⌐⅔™≡ ⌂ ─ ≤∆╢⁹ 

 

─╟℮⌐⁸ ⌂ ◦☻♥ⱶ─ ≢│⁸4 ─ ⌐≡ ⌂

◦☻♥ⱶ─ ╩ ⇔⁸ ⅔╟┘ ╩ ╕ⅎ⁸

─№╢◦☻♥ⱶ ╩ ⇔√⁹ 

 

 

Å 28

Å 28

Å 29

Å 30

 

3.1- 1 4 ─  

 



 

 

3. 1- 7 

 

 

3.1- 1 ◦☻♥ⱶ ─  

◦
☻
♥
ⱶ

300ϴ
⅛

ủ

Ỏ
⅛╠─

─ ─√
╘ ─

─ ⅜ ⁹
◦☻♥ⱶ ╣⌐╟╡⁸

⌐ ⇔
⌐≈⌂→╠╣╢ ─ ⅜
⁹

ủ

600ϴ
⅛

ủ ủ ủ
∆═≡─ ⌐⅔™≡
ⱬכ☻ ╙⇔ↄ│ⱬכ☻
≤

ủ ủ ủ
∆═≡─ ⌐⅔™≡
ⱬכ☻ ╙⇔ↄ│ⱬכ☻
≤

900ϴ
⅛

ủ

Ỏ Ỏ

▪ꜟ◌ꜞ

─ ⌐♬♇
◔ꜟ ─ ה ⅜
≢№╡⁸◦☻♥ⱶ ╣⌐╟
╡⁸ ⌐≈⌂→╠╣╢
─ ⅜ ⁹

⌐ ─▪ꜟ◌ꜞ
─ ⅜ ⁹

ủ

 

 



 

 

3. 1- 8 

 

*)

/

50FP/MA

Å

Å 600ϴ
Å

Å

Å

ÅMA

95%

Å

Å 50

Å 10cm

Å SUS304L

Å

Å

 

3.1- 2 ⌂ ◦☻♥ⱶ─  

 

 

3.1- 2 ◦☻♥ⱶ ─  

600ϴ

70L/h

10ɛm

0.1mm

<65ϴ
7

14.6cm

2.0mm

MA

1000 MA 95%

MA
 



 

 

3. 1- 9 

 

 

600ϴ

70L/h

Å
10ɛm

Å

0.1mm
 

3.1- 3 ─  

 

 

 

(SUS304L)
14.6cm,2mm

7
 

3.1- 4 ─  



 

 

3. 1- 10 

 

 

MA RE MA/RE Am/CmMOX

RE FP RE Cm Am

SELECT MA

MA

MA 95%

 

3.1- 5 ─  

 

 

(3)

(2)

(4)

(3)

(2)

(2)

 

3.1- 6 ⌂ ◦☻♥ⱶ  

 



 

 

3. 2.1- 1 

 

3.2 ₒH28- R1x  

╡╟⌐fiꜟ◐כꜞ♃כ꜡⁸│≢ ⅛╠ ╩ ∆╢ ─

⌐≈™≡ ∆╢⁹3.2.1 fiꜟ◐כꜞ♃כ꜡₈ ₉≢│⁸ ─꜡

fiꜟ◐כꜞ♃כ ╩ ™≡ ╩ ⇔≡ ⇔√ ─ ⌐≈™≡ ═╢⁹

3.2.2 ₈ ₉≢│⁸ ─ ה ╩ ∆╢⅛

╩Ɽꜝⱷכ♃≤⇔≡ ₁─ ╩ ⇔≡ 3.1 ₈ ⌂ ◦☻♥ⱶ─ ₉⌐⅔

↑╢⅛ ┼─ ╩ ∆╢≤≤╙⌐⁸ ≢ ↕╣√ ─ ╩ ℮⁹

3.2.3 ₈ ₉≢│⁸ ─ ≢ ╠╣√ ⌐ ≠⅝⁸ ♃כ꜡

─fi◦☻♥ⱶꜟ◐כꜞ ╩ ℮⁹ 

 

fiꜟ◐כꜞ♃כ꜡ 3.2.1 ₒH28- R1x  

⌂ ≢│⁸ ⅛≢fiꜟ◐כꜞ♃כ꜡╩ ה ∆╢⁹ ↕╣

╢ ⌐│⁸ ─ ⅜ ⇔⌂™╟℮⌐ 10 µm ⌐╕≤╘╢↓≤≤⁸

⌐ ╩ ⅛⌂™╟℮ ─ │ 0.1mm ≤∆╢↓≤⅜ ╘╠╣╢⁹ ≢│

∕─╟℮⌂ ─ ┘⌐ ╩ ∆╢⁹╕∏ 3.2.1.1 ⌐≡ 4

─ ╩ ═╢⁹3.2.1.2 ⱪ꜡☿☻ fiꜟ◐כꜞ♃כ꜡⁸│≢ ≢─ⱪ꜡☿☻╩ ╡ ↑

≡ⱪ꜡☿☻↔≤⌐ ⇔√ⱪ꜡☿☻ ⁸⅔╟┘ ⱪ꜡☿☻ ─ ╩ ╢ ⱪ꜡☿☻ ─

⌐≈™≡ ∆╢⁹ ⌐⁸3.2.1.3 ⱪ꜡☿☻ ≢│⁸ ─ ⅛╠ ꜞ♃כ꜡

─fi◦☻♥ⱶꜟ◐כ ╩ ∆╢≤≤╙⌐⁸ ⇔√ ╩ ∆╢√╘⌐ ⇔√

⌐≈™≡ ═╢⁹ ⌐ 3.2.1.4 ◦☻♥ⱶ─ ≢│⁸4 ─

⌐╟╡ ◦☻♥ⱶ⅜ ∆╢↓≤╩ ∆⁹ 

 

3.2.1.1  

3.2.1 - 1⌐ ∆╟℮⌐⁸4 ─ fiꜟ◐כꜞ♃כ꜡⁸∏╕⁸≡⇔≥ ≢─ⱪ꜡☿☻

╩ ⅛ה ה ─ⱪ꜡☿☻⌐ ↑ ⱪ꜡☿☻⌐⅔↑╢ ╩ ∆╢≤≤╙⌐⁸

ⱪ꜡☿☻ ─ ╩ ╢⁹ ─ ╩ ⌐ⱪ꜡☿☻ ≢│⁸ fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡

─ ⅔╟┘ ╩ ⇔⁸ ⇔√ ה ╩ ⌐ ⱪ꜡☿☻ ≢

─≢fiꜟ◐כꜞ♃כ꜡ ╩ ⇔≡ ╩ ⇔⁸ ◦☻♥ⱶ─ ╩

∆╢⁹ 

 

3.2.1. 2ⱪ꜡☿☻  ₒH28- H30x  

fiꜟ◐כꜞ♃כ꜡ ⌐ ↕╣√ │⁸ 3.2.1 - 1 ─ ⌐ ∆╟℮⌐ ⱪ꜡☿☻⌐

╟╡ ה ─ ╩ ≡ ≤⌂╡⁸ ™≡⅛ ⱪ꜡☿☻⌐╟∫≡ ⅜ ה ╩

≡⅛ ≤⌂╡⁸↕╠⌐ ⱪ꜡☿☻⌐╟∫≡⅛ ⅜ ↕╣≡ ─◘▬☼⌐╕

≤╘╠╣√ ≤⌂∫≡ fiꜟ◐כꜞ♃כ꜡⁹╢╣↕ ≢ │↓╣╠ ⅛ה ה

─ⱪ꜡☿☻╩ ⌐ ∆╢⅜⁸↓╣╠─ ⱪ꜡☿☻≢─ ╩ ╢√╘⌐⁸ⱪ꜡☿☻↔

≤⌐ ╡ ↑√ ╩ ⇔√⁹╕∏⁸(1) ⱪ꜡☿☻ ≢│⁸ ⌂ ╩ ∆√

╘⌐⁸ ⇔√ ╛ ╩ ⌐ ⇔√Ᵽ♇♅ ┼fiꜟ◐כꜞ♃כ꜡ ╩ ∆

╢↓≤≢ ─ ╩ ⇔√⁹(2)⅛ ⱪ꜡☿☻ ≢│⁸ ⅛╠⅛ ⱪ꜡☿☻⌐⅛



 

 

3. 2.1- 2 

 

↑≡ ∆╢ ╩Ᵽ♇♅ ╩fiꜟ◐כꜞ♃כ꜡ ™≡ ⇔√⁹ ⌐⁸(3) ⅛ה ⱪ

꜡☿☻ ≢│⁸ ⱪ꜡☿☻≤⅛ ⱪ꜡☿☻╩ ∆╢ ╩ ∆╢√╘⌐⁸ ⌐

╩ √∑╢↓≤─≢⅝╢ ⱪ꜡☿☻ ∆⌂╦∟ ≢fiꜟ◐כꜞ♃כ꜡

╩ ⇔√⁹(4) ⱪ꜡☿☻ │⁸⅛ ─ ⅛ ⅜ ∆╢ ╩

∆√╘⌐⁸Ᵽ♇♅ ╩fiꜟ◐כꜞ♃כ꜡ ™√ ╩ ⇔√⁹(5) ⱪ꜡☿☻ ≢│⁸

⅛ה ה ─ 3 ≈─ⱪ꜡☿☻╩ 1 ─ ─ ≢ ∆╢√╘⌐⁸╕∏⁸(5- 1)

≢⁸ ⌐ ≤⌂∫√ fiꜟ◐כꜞ♃כ꜡⅜ ╩ ≤ ⌐╟∫≡

∆╢ ╩ ⇔⁸(5- 2) ≢│⁸ ⅛ה ה ─ 3 ≈─ⱪ꜡☿☻⅜

≢№╢↓≤╩ ⇔√⁹ 

 

(1) ⱪ꜡☿☻  

⌐fiꜟ◐כꜞ♃כ꜡ ↕╣√ ─ ה ╩ ∆╢√╘⌐⁸╕∏ ⌐

╩ ⇔≡ ⇔ ≤∆╢ ╩ ∫√⁹ 3.2.1 - 2⌐ ∆╟℮⌐⁸ⱱ♇♩ⱪ꜠כ♩

⌐ ╩ ⅝⁸ ⇔√ ⌐ ─ ╩ ⇔√⁹⌂⅔⁸ │⁸

[ 4]╩ ⇔⁸ ⌐ 3.2.1 - 1⌐ ∆ 18 ╩ ⇔√ ╩ ⇔√⁹

─ⱱ♇♩ⱪ꜠כ♩─ ╩ 180 ϴ⁸230 ϴ⁸⅔╟┘ 500 ϴ≤⇔ ⅜ ∆╢╕

≢ ⇔√≤↓╤⁸∕╣∙╣ 11 ⁸ 6 ⁸⅔╟┘ 2 ≢ ⇔√⁹ 11 ≢ ↕∑√

( 3.2.1 - 3 )│ ⌐ ↄ ⇔≡™√⅜⁸ 6 ≢ ↕∑√ ( 3.2.1 - 3

)─ ┼─ │ ↄ⁸ 2 ≢ ↕∑√ ( 3.2.1 - 3 )│ ⅛╠╒╓

⇔√ ≢№∫√⁹↓╣│ ⅜ ™╒≥ ⇔™ ╩ ∂ ⌐ ─ ⅜ ╕╣√

╕╕ ⇔√↓≤⌐╟╢≤ ╠╣√⁹╕√⁸ ╩ SEM- EDS ⇔√≤↓╤ ⅜ ⇔™ ⅜

⅜ ─fiꜟ◐כꜞ♃כ꜡╩╣↓⁹√∫⅛╦⅜≥↓™↕ ⌐fiכ♂ ⅝ ⅎ≡ ⅎ

╣┌⁸ │≢fiכ♂ ╩ ∆╢↓≤⌐╟╡⁸ ┼─ ─ ─ ⅜ ╘╢≤

≤╙⌐⁸ ⇔™ ⌐╟∫≡ ─ ⅜ ↕╣╢↓≤⅜ ↕╣╢⁹ ─ ╩ ╕

ⅎ⁸Ᵽ♇♅ ╢╟⌐fiꜟ◐כꜞ♃כ꜡ ⱪ꜡☿☻ ≤⇔≡⁸500 ϴ⌐ ⇔ ⇔≡™╢꜡

fiꜟ◐כꜞ♃כ ⌐ ╩ ∆╢ ╩ ⇔√≤↓╤⁸ ≢─ ≤ ⌐⁸

⇔√ ─ ┼─ │ ↄ↕∂╩ ™≡ ⌐ ⅝ ∆↓≤⅜≢⅝╢≤≤╙⌐⁸

─ ⅜ ↕™↓≤⅜ ↕╣√⁹⌂⅔⁸ ⌐╟╢ ⌐≡ ┼─ ⅜

╣╢╙──⁸ fi⌐⅔™≡│⁸ꜟ◐כꜞ♃כ꜡ ∆╢╟℮⌐ ⅛╠─ ╩ ∆√╘─

╩ ∆╢↓≤≤⇔√⁹ 

 

(2)⅛ ⱪ꜡☿☻  

≤⌂∫√ │⁸ ⅛╠ ↕╣√ ─fiꜟ◐כꜞ♃כ꜡⌐ ⌐ ∫≡⁸ ה

╩ ℮⅛ ⱪ꜡☿☻⌐ ⇔≡ ↕╣╢⁹⅛ fiꜟ◐כꜞ♃כ꜡│fiכ♂ ≢ ≤⌂

╢ ≢№╡⁸ ⌐ ∆╢ ─ ( / )╩ ╘╢ ≢№╢⁹⅛

ⱪ꜡☿☻ ≢│⁸ ╩ ≤⇔≡Ᵽ♇♅ ⌐fiꜟ◐כꜞ♃כ꜡ ⇔⁸

≢ ↕∑⌂⅜╠ 3.2.1 - 4⌐ ∆╟℮⌐ ─ ╩ ⇔√⁹ ↕∑≡™ↄ≤⁸

│⁸ ⅛╠ 230 ϴ ╕≢⁸ ╩ ⅛╠ ↄ ↑┌ ∟╢ ─ ┼─

™ ╩ ⇔≡™√⅜⁸230 ϴ╩ ⅞√№√╡⅛╠│ ╩ ⇔ ╘⁸ ┼─ ⅜



 

 

3. 2.1- 3 

 

∆≤≤╙⌐⁸ ⌐ NO2≤ ╠╣╢ ⅜⅛∫√ ─●☻⅜ ↄ ⇔√⁹ ⁸300 ϴ

╩ ⅞╢≤ ─ NO2 │ ⇔≡™⅝⁸╕√ ┼─ ╙ ⇔≡ ╩ ⅛╠

↑┌ ∟╢╟℮⌐⌂∫√⁹∕╣ ─ ≢│═√ ↄ↓≤⌂ↄ⁸◘ꜝ◘ꜝ─ ≢

⅜ ╪≢™∫√⁹↓╣│ ⌐╟∫≡⁸ ⅛ ─ ─ ⅜ ⇔≡

═√ ↄ╙──⁸ ⅜ ╗≤ ⅜ ⇔ ⅜ ∆╢√╘≢№╢≤ ╠╣╢⁹

fiꜟ◐כꜞ♃כ꜡│≥↓─↓⁸√╕ ≢⅛ ⅜ 300 ϴ⌐ ∆╢╕≢ ⅛╠─⅛ ─

╩ ∆ ⅜ ⌐ ≤⌂╢↓≤╩ ⇔≡™╢⅜⁸ │≢fiכ♂ ⌐╟╡ │

⌐ 300 ϴ ⌐ ∆╢≤ ╠╣╢↓≤⅛╠⁸ ⅛╠─ ╩ ∆√╘─ │ כ♂

fi⌐─╖ ∆╣┌ ™↓≤⅜╦⅛╢⁹∆⌂╦∟⁸∕╣ ─ ≤⌂╢⅛ │≢fiכ♂ ⇔

√ ⅜ ⇔≡™ↄ≤╖⌂⇔≡ ™↓≤⁸ ∆╢ NOx│ ╡╟fiכ♂ ⌂™↓≤⅜╦⅛∫

√⁹ 

 

( 3) ⅛ה ⱪ꜡☿☻  

ⱪ꜡☿☻ ⅔╟┘⅛ ⱪ꜡☿☻ ⌐╟∫≡⁸ │≢fiכ♂ ⇔≡™╢ ⅜

∆╢≤≤╙⌐ ⌐ ⅛╠─ ╩ ∆√╘─ ╩ ∆═⅝↓≤⁸⅛ │≢fiכ♂

⅜ ∆╢↓≤⅜╦⅛∫≡™╢⁹↓╣╠╩ ⇔√ fiꜟ◐כꜞ♃כ꜡─ ≢ ∆╢√╘⌐⁸

╩ ↕∑╠╣╢ ∟╦⌂∆fiꜟ◐כꜞ♃כ꜡ ⱪ꜡☿☻ ╩ ™≡

ⱪ꜡☿☻≢ ╠╣√ ╩ ⌐⅛ ⱪ꜡☿☻┼ ↕∑╠╣╢↓≤╩ ∆╢⁹ 

ⱪ꜡☿☻⅛╠⅛ ⱪ꜡☿☻┼ fiꜟ◐כꜞ♃כ꜡⌐╘√╢ ⌐ ⇔√ ─ ╩

3.2.1 - 5⌐⁸ ⇔√ ─ ╩ 3.2.1 - 6 ⌐ ∆⁹ ╩ fiꜟ◐כꜞ♃כ꜡≈ ≢

⇔≡™╢ │ ⌐ ↄ꜡כꜞ♃כ◐ꜟfi─ ⌐ ∫≡ ∆╢√╘⁸ ─ ╩

∆╢ꜞfi◓ ─ ╘╩ fiꜟ◐כꜞ♃כ꜡⁸√╕⁹√⇔ ≢ ⇔≡™⌂™

─ ⌐ ╩ ╡ ↑⁸ ⌐ ↄ ⇔√ ╩ ⅜∆╟℮⌐⇔√⁹ ⌐│⁸

↕∑√ ╩ ╘ ꜞfi◓╩ ⅎ≡⅛ ⱪ꜡☿☻┼ ↕∑╢√╘─ ╡ ╩ ╡ ↑√⁹

╩ ⱪ꜡☿☻ ─ ⌐ ⇔√≤↓╤⁸ ⇔√ │ 1°

─╦∏⅛⌂ ≢╙∆┌╛ↄ ⇔√⅜⁸ ╘ ─ꜞfi◓⌐╟∫≡⁸ ⇔√ ╩

∆╢╕≢ ∆╢↓≤⅜≢⅝√⁹╕√⁸ 3.2.1 - 6 ⌐ ∆╟℮⌐ ≤ ╡ ⌐╟∫≡

⌐ ╩ ⱪ꜡☿☻⅛╠ ─⅛ ⱪ꜡☿☻⌐ ╢↓≤⅜≢⅝√⁹⅛ ⱪ꜡☿☻⌐ ╠╣

√ ─ ╩ 3.2.1 - 7⌐ ∆⁹ ⌐╟╡⁸ ⅔╟┘ ╡ ꜟ◐כꜞ♃כ꜡╩

fi ⌐ ⇔√ ⇔⌂™ ⌐ ∆╢↓≤≢⁸ ⱪ꜡☿☻≤⅛ ⱪ꜡☿☻╩ ≢⅝

╢↓≤╩ ⇔√⁹ 

 

( 4) ⱪ꜡☿☻  

ⱪ꜡☿☻⁸⅛ ⱪ꜡☿☻╩ √⅛ ─fiꜟ◐כꜞ♃כ꜡⁸│ ⌐ ∫≡⁸ ⱪ꜡

☿☻┼ ∆╢⁹ ⱪ꜡☿☻≢│⁸ ≤⌂∫≡™╢⅛ ╩⁸⅛ ⱪ꜡☿☻ ≢⅛

⅜ ╩ ⇔√ 230 300 ϴ ─ ⌐ ─fiꜟ◐כꜞ♃כ꜡⁸⇔ ≢ 10 µm

─ ╩ ∂⁸ ⇔⌂™ ◘▬☼ ─ ⌐╕≤╘╢ ≢№╢⁹ ⱪ꜡☿☻

≢│⁸ 3.2.1 - 8⌐ ∆╟℮⌐⁸№╠⅛∂╘⁸ ╩ ─╢≈╓ ≢⅛ ⇔⁸

╠╣√⅛ ╩ ≢ ⇔√⅛ ╩ ≤⇔⁸Ᵽ♇♅ ⌐fiꜟ◐כꜞ♃כ꜡



 

 

3. 2.1- 4 

 

⇔≡ ≢ ↕∑≡ ╩ ⇔√⁹300 ϴ≢ ⇔√⅛ │⁸230 ϴ╕≢

─ ≢ ⇔≡╙ ╩ ∆ │ ╠╣⌂⅛∫√⅜⁸230 ϴ≢│ 3.2.1 - 9⌐ ∆╟℮⌐

╛╛ ⌐ ⅜ ⇔ ⅜╕≤╕∫√ ⅜ ╠╣√⁹240 ϴ≢│ ╠⅛⌐ ⅜

⇔ ≢ ⌂ ╩ ⇔√⁹600 ϴ≢ ⇔√⅛ │⁸250 ϴ╕≢─ ≢

⇔≡╙═√ ↄ │⌂⅛∫√⅜⁸270 ϴ≢│ 3.2.1 - 10 ⌐ ∆╟℮⌐╛╛ ╩ ∟ ╘

⅜╕≤╕╡⁸300 ϴ≢ ∆╢≤ ≢ ⌐ ⇔√⁹ ⁸╒╓ ⌐

⅜ ⇔√ 900 ϴ≢ ⇔√⅛ │⁸ ≢─ ≢│⁸ ╩ ≈⌂

≥─ │ ↕╣⌂⅛∫√⁹⌂⅔⁸900 ϴ≢ ⇔√⅛ fiꜟ◐כꜞ♃כ꜡⁸│ ⌐

╩ ∆╢≤⁸ 3.2.1 - 11⌐ ∆╟℮⌐ 600 ϴ≢─ ≢ ⌐ ∆╢↓≤⅜╦⅛∫

√⁹ ⅛╠⁸3.1 ⌂ ◦☻♥ⱶ─ ⌐⅔↑╢⅛ ─ ⌂╢ ╩ ™√

◦☻♥ⱶ ─ ⌐ ∆╢ ╩ ⅎ√╒⅛⁸ ≢ ≤↕╣√ 600 ϴ≢

⇔√⅛ │ 270 ϴ≢ ∆╢↓≤≢ ⅜ ∆╢↓≤⅜╦⅛∫√⁹ 

 

( 5) ⱪ꜡☿☻  

↓↓≢│ ⅝─ ╢№≢fiꜟ◐כꜞ♃כ꜡ ⱪ꜡☿☻ ╩ ™≡⁸

⅛ה ה ─ 3≈─ ⱪ꜡☿☻╩ fiꜟ◐כꜞ♃כ꜡─ ≢ ⌐ ∆╢↓≤⅜

≢№╢↓≤╩ ∆⁹( 5- 1)≢│ ─ ⌂ ╩ ∆╢⁹ ⌐( 5- 2)≢ ⱪ꜡

☿☻ ⌐ ⅛ה ה ─ⱪ꜡☿☻≢ ≤↕╣╢ ⅜ ≢⅝╢↓≤╩ ⇔⁸

╩ ∆╢⁹ 

 

(5- 1)  

fiꜟ◐כꜞ♃כ꜡ ≢│⁸ ↕╣√ ⅜ ↕╣√ │ ≤⌂╡⁸ ─ ⅜

fiꜟ◐כꜞ♃כ꜡ ╩ ⇔⌂⅜╠⅛ ╛ ↕╣≡™ↄ⁹⅛ ╛ ⌐│ ─ ╩

∆╢↓≤⅛╠⁸ ─ ⌐≈™≡ ⱪ꜡☿☻ ─ ≤ ╩Ɽ

ꜝⱷכ♃≤⇔≡ ═√⁹ ─ ╩ 3.2.1 - 12⌐ ∆⁹ ⌐│ 600 ϴ≢⅛ ⇔√⅛

╩ ⇔√⁹⅛ fiꜟ◐כꜞ♃כ꜡╩ ⌐ ⇔⁸ ╩ ↑≡ ↕∑╢≤⁸

⅛ │ ⅜╡⌂⅜╠ ┼ ⇔√√╘ ⅜╡─ ╩ ⇔√⁹ ─ ≤

─ ╩ ⌐ ╡⁸ ╩ ⌐ ∫√≤↓╤⁸ │∕─ ⌐ ⇔≡™√

3.2.1 - 13 fiꜟ◐כꜞ♃כ꜡⁸∟╦⌂∆⁹ ─ ─ ╩ ∆╢⌐│ ─

≤ ─ ╩ ≤⇔≡ ∆╣┌ ↄ⁸ №╢™│ ─≥∟╠⅛│⁸

─ ≢ ⌐ ≢⅝╢↓≤⅜╦⅛∫√⁹ 

 

(5- 2)  

─⅛ ╩ 3.1 ⌂ ◦☻♥ⱶ─ ⌐⅔™≡ ╙ ≤↕╣√ 600 ϴ

≤⇔√ ⌐≈™≡⁸ ⱪ꜡☿☻ ─ ╩ ⇔⁸ ⅛╠─

─ ╩ ╢⁹ ⱪ꜡☿☻ ⅛╠⁸ ─fiכ♂ │ 500 ϴ⁸⅛ │fiכ♂

600 ϴ⁸ │ 270 ϴ≢ ∆╣┌ ™⅜⁸↓╣╩ ─ ⌐⅔™≡ ∆╢ │

⌂ ≤⌂╢⁹↓─√╘⁸ 3.2. 1- 14 ⌐ ∆ ≢ ⱪ꜡☿☻ ─꜡

fiꜟ◐כꜞ♃כ ─ ╩ ⇔⌂⅜╠⁸ ⌐ ⇔√ 4≈─ⱥכ♃╩ ⇔⁸



 

 

3. 2.1- 5 

 

3.2.1 - 15 ⌐ ∆╟℮⌂ ⱪ꜡ⱨ□▬ꜟ╩ ⇔√⁹500 ϴ ≢─ ⁸600 ϴ ≢─⅛

⁸⅛ ─ ⌂ ≤ 270 ϴ ≢─ ⅜ ⌡ ↕╣≡™╢⁹↓─ ≢⁸

╩ 0.5°⁸ ╩ 10rpm≤ ∆╢≤⁸ │ 4.5cm/min≤⌂╡⁸⅛ ⱪ

꜡☿☻⌐⅔™≡ 600±20 ϴ⅜ 3 ⁸ ⱪ꜡☿☻⌐⅔™≡ 270±20 ϴ⅜ 10rpm≢ 5

↕╣╢⁹ ─ ─ ⁸( 3) ⅛ה ⱪ꜡☿☻ ≢ ⇔√ ╩ ™≡⁸

⌐ ╩ ⇔⌂⅜╠ ⱪ꜡☿☻ ≢ ⌐ ╩ ∆╢ ╩

⇔√⁹↓─ ≢ ╠╣√ ─ ╩ 3.2. 1- 16 ⌐ ∆⁹ ╡ ⇔ ⌐ ⅛™

⅜ ℮╟℮⌂↓≤│⌂ↄ⁸ ⇔√ ⌐╟╢ ⅜ ⌐ ™√≤ ╠╣⁸

⅛╠ ╩ fiꜟ◐כꜞ♃כ꜡─ ≢ ⌐ ∆╢↓≤⌐ ⇔√≤ ⅎ╢⁹⌂⅔⁸

╠╣√ ⌐│ 1 cm ─ ⅝↕─ 3.2. 1- 16 ⅜№∫√⁹ ↕╣⅛

┼ ╠╣√ ─ │ ╠╣√ ╒≥ ⅝ↄ│⌂⅛∫√─≢⁸↓─╟℮

⌂ │⅛ ≢ ∂≡™√ ⅜ ™⁹1 cm ╩ ⅎ╢╟℮⌂ ╩

◐ꜗ♬☻♃ ⌐ ∆╢≤ ⅜ ⌐ ∆╢ ⅜№╡⁸ ⅝⌂

─ │ ⇔√ ⅜ ™ ⅜№╢⁹ 

 

3.2.1.3 ⱪ꜡☿☻ ₒR1x  

fiꜟ◐כꜞ♃כ꜡⁸⌐≢╕╣↓ ─ⱪ꜡☿☻╩ ⅛ה ה ─ 3ⱪ꜡☿☻⌐ ↑⁸ ⱪ

꜡☿☻↔≤⌐ ─ ╩ ╢≤≤╙⌐⁸ ╢№≢fiꜟ◐כꜞ♃כ꜡ ⱪ꜡

☿☻ ╩ ™≡ⱪ꜡☿☻╩ ∆╢ ⱪ꜡☿☻ ╩ ⇔√⁹ ⌂ ⅛≈

≤ ─ ─┼fiꜟ◐כꜞ♃כ꜡ ╩ ─ ≢│№∫√╙── כ꜡

≢fiꜟ◐כꜞ♃ ⅛╠ ⅜ ⌂↓≤╩ ⇔√⁹√∞⇔⁸ ⇔√ ⌐│

⌂ ⅜ fiꜟ◐כꜞ♃כ꜡⁸≡∫⅜√⇔⁹√™≡╣╕ ≤⇔≡

⌐ ↕╣√ │⁸↓╣╕≢ ╠╣≡⅝√ ─ ─┼fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡

≤ ⌂ ⅔╟┘ ⌂ ─ ≢№╢⁹ 

∕↓≢ │⁸70L/h 3.1 ─ ⌂ ◦☻♥ⱶ─ ⌐≡ ↕╣√◦☻

♥ⱶ ≢ ↕╣╢ ╩ ⌂ fiꜟ◐כꜞ♃כ꜡ ╩ ⅎ╢

≢⁸ ⌐↓╣╕≢⌐ ╠╣√ ⅛╠ ╠╣╢ ─ ≤ Ɽꜝⱷכ♃

╩(1) fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ─ ⌐≡ ╘⁸∕─ ⅛╠ ⅛╣╢

╩ ⱪ꜡☿☻ ≢ ⇔≡ ∆╢ ≢⁸(2) ☻◦fiꜟ◐כꜞ♃כ꜡

♥ⱶ╩ ⇔√ ≤⇔≡⁸(2- 1) ⅛ה ≤(2- 2) ⌂ ╩ ⇔

√ ╩ ∆╢⁹ 

 

(1) fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ─  

fi◦☻♥ⱶ≢│⁸70L/hꜟ◐כꜞ♃כ꜡ ≢ ↕╣╢ ╩ ≢⅝╢↓≤⅜ ╘╠╣╢

⅜↓─√╘⌐ ⌂ⱥכ♃ ╩ ⅎ╢≤⁸ ╛ ⌐ ⌂ ◄Ⱡꜟ◑⁸╙╡╟כ ─

⌐ ⌂ ◄Ⱡꜟ◑כ⅜ ╘≡ ⅝ↄ⁸ ⌐fiכ♂ ╙ ⅝⌂ⱥכ♃ ╩ ∆╢⁹ ∆

╢ ⱪ꜡☿☻ ⌐⅔↑╢ ─ →╩ ⌐⁸ ─ ♃כfi─ⱥכ♂ ╩

60kW≤ ⇔√⁹↓─ ─ⱥכ♃╩ ⌐fiכ♂ ∆╢√╘⌐│ ─ⱥכ♃ ⅜

≤⌂╢√╘⁸ fiכ♂ ╩ 0.5m⁸ ╩ 35cm≤∆╢⁹↓─ ─fiכ♂ ⌐│⁸



 

 

3. 2.1- 6 

 

╩ ∆╢√╘⌐ ╘ ╩ ∆╢≤≤╙⌐⁸ ⌐ ∆╢ ╩ ↕∑╢

≤⁸ ↕∑√ ╩⁸ ╘╩ ⅎ↕∑≡⅛ ⌐fiכ♂ ╢ ╡ ⅜ ↕╣╢⁹

│ 3.2.2 ⌐≡ ∆╢╟℮⌐ 600 ϴ≢─⅛ ⅜ ⌂╟℮⌐ SUS310S╩ ™╢⁹

─ │⁸ ™≤ ≢fiכ♂ ≤ ↕⌂™ ≢─ ⅜ ⅝ↄ⌂╢√╘

™ ⅜ ™⅜⁸ ≢ ─ │ ≥╢╟⌐◌כfiⱷꜟ◐כꜞ♃כ꜡ 10rpm⅜⅔

⅔╟∕─ ≢№╢↓≤⅛╠⁸ │ ─ 10rpm≤∆╢⁹ ⁸ ─ │⁸⅛

≤ ⌐│ ─ ⅜ ≤⌂╢↓≤⅛╠⁸ ─ ─ ⌂™ ─ ≤⇔≡

0.5°≤∆╢⁹ ─ │ 30 ╕≢⌐ ≤ ─ ⌐ ∆

╢↓≤⅜╦⅛∫≡™╢⅜ ⌐ ⌐╙ ∆╢[ 7]√╘⁸↓─↓≤╩ ⇔≡⁸⅛ ⌐

⌂ 1 ≤ ⌐ ⌂ 5m╩ fiכ♂─╣∙╣⧵⁸⌐╘√╢∆ │ 0.2m⁸

0.3m ⅛ fiכ♂ 600 ϴ⅛╠ fiכ♂ 270 ϴ┼─ ⌐ ⌂ ↕╩ ╗⁹ ≤∆╢⁹

⌂⅔⁸↓─ ╩ ∆╢ ─fiꜟ◐כꜞ♃כ꜡ ⌐≈™≡│(2)ᵓ

⌐≡ ℮⁹ 

 

(2) ╩fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ⇔√  

≢ ╘√ ─fiꜟ◐כꜞ♃כ꜡ ⅔╟┘ ╩⁸ ⱪ꜡☿☻ ≢

∆╢≤ ⅎ√ ⁸ ≤⅛ ⅔╟┘ ─ fiכ♂ ─ ⅛╠⁸∟╞℮≥

10rpmה 0.5°⅜ ∆╢⁹↓↓≢│↓─ ─ (2- 1) ⅛ה ≤(2-

2)⅛ ╩ ⇔⁸ ⌐ ╩ ⇔ ↑√ ⌐ ─ ⅜

≢№╢↓≤⅔╟┘ ≢│⌂™ ─ ⅜ ≢№╢↓≤╩ ∆⁹ 

 

(2- 1) ⅛ה  

↓↓≢│⁸ ╩ ⌐ ⇔⁸ ⅛ה ╩ ⅛≈ ℮ ⅛ה

╩ ∆╢⅜⁸ ⅛ה ⌐ ∟⁸ ⌐ ⌂ ─ ╩

∆╢√╘⁸╕∏ ─ ╩ ⇔√⁹↓╣│ ⅛ה ה ─ⱪ꜡☿☻─ ⁸

─ ╩ ℮ ⅜fiכ♂ ╙ ╩ ≤∆╢≤ ⅎ╠╣╢⅛╠≢№╢⁹⌂⅔⁸

ⱪ꜡☿☻ ─ⱥכ♃─ │ 1≈ √╡ 1.4kW≢№╢⁹ 3.2.1 - 17⌐ ⌐ ⁸

⌐ ╢↑⅔⌐fiכ♂ ╩ ∫√◓ꜝⱨ╩ ∆⁹1.8L/h ≢ ╩ ⇔≡⅛

╠ ⅜ ⅝ ╘╠╣╢ ╘─ ─ ⅜ ⇔ ╘⁸∕─ ╕≢ │ ≤⌂∫

√⁹↓─ ─ │ ─ 1.4kW╩ ↕∑√⁹ ─ ⅛╠ ↕╣√ ─ ╩

∆╢≤ │ 80 ≢№∫√⁹↓╣╩ 70L/h ⌐ ∆╢≤⁸ ─ │

54kW ≤⌂╢⁹AVM─ ≢│ 73L/h ─√╘⌐ 54kW[8]╩ ⇔≡⅔╡⁸∟╞℮≥ ∆

╢√╘⁸ ╩ ⇔≡╙ │╒╓ ╙╡ ╡≢№╢≤ ╠╣╢⁹╕√⁸↓─↓≤⅛╠

ⱪ꜡☿☻ ⌐ ╩ ∆╢ ⌐⅔™≡⁸↓─ 1.8L/h ╩ ≤⇔≡

─ ╩ ∆╢↓≤⅜ ≢№╢≤ ⅎ╢⁹ 

⌐ ≢№╢ ╩ ™≡ ⅛ה ╩ ⇔√⁹⅛ │ 600 ϴ⁸

⅔╟┘ │ ─≢fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ╩ ⱪ꜡☿☻

≢ ⇔≡⁸ ⇔√╟℮⌐ 10rpm⁸0.5°≤⇔√⁹ ─ │ ⌐ ™ 1.5L/h

≤⇔√⁹↓─ ─ fiכ♂ ─ ╩ 3.2.1 - 18⌐ ∆⁹↓─ ≢ 12



 

 

3. 2.1- 7 

 

╩ ⇔ ↑√≤↓╤⁸ ⌐ ⅛ה ↕∑╠╣√⁹ ⅛ה ⌐≡ ╠╣√⅛

─ ╩ 3.2.1 - 19 ⌐ ∆⁹ ╡ ⇔ ⌐ ⅛™ ⅜ ℮╟℮⌂↓≤│⌂⅛∫√

⁸ ⌂ ⅜ ↕╣√⁹ 

 

(2- 2)⅛  

≤ ⌐⁸ ⅛ה ≢ ╠╣√⅛ ⌐│ 1cm╩ ⅎ╢

⌂ ⅜ ╕╣≡⅔╡⁸ ◐ꜗ♬☻♃┼─ ⌐ⱴ◒꜡⌂ ╩ ∆╢ ⅜ ⅎ╠

╣╢↓≤⅛╠⁸ ⌐ ∆╢ ╩ ∆╢⁹∆⌂╦∟⁸ ─ fiכ♂

⌐ ⌂ כꜝכ꜡ ╩ ↑╢↓≤≢ ╩ ╡⁸ ™≡ ≢⅝╢↓≤╩ ∆╢⁹

⌂℮╟─כꜝכ꜡ ⌂ ≢ ⅜ ≢№╣┌ ⌂≥─♩ꜝⱩꜟ ⌐

⅜ ⌐⌂╢↓≤⅜ ≢⅝╢⁹ ≢│⁸ 25mm⁸ ↕ 10cm─ SUS ⇔≥כꜝכ꜡╩

≡ ⌐ ⇔√⁹ ⌐⅔™≡│⅛ ≥fiכ♂ fiכ♂ ─ ⌐⅔™≡⁸⅛

⅜ ╩ √⌂™ ╩כꜝכ꜡⌐ ∆╢↓≤⌐ ∆╢⁹ ─fiכ♂ │ 270 ϴ

≤⇔⁸ ╛ 0.5°│ ⅛ה ≤ ⌐ ⇔√⁹ ─ ⁸

⌂⅛ ⅜ ─כꜝכ꜡⁸⅜√™≡╣╕ ╖≢ ↕╣⁸ ⌐╟╡ 1mm ─

⅛ ≤⌂∫√⁹∕─ ⁸ ↕╣√⅛ │ ⌐fiכ♂ ⇔⁸ ─ ╩ √⁹

╠╣√ ─ ╩ 3.2.1 - 20,- 21 ⌐ ∆⁹ ↕╣√⅛ │ ≢fiכ♂

⌂ ╩ ∆╟℮⌂↓≤│⌂ↄ⁸╕√ ∆╢╟℮⌂ ⌂ ╙ ↕╣⌂⅛∫√⁹

3.2.2 ≢ ∆╢⅜⁸ ╠╣√ │ ─ ⅛╠╙ ─ ⅛╠

╙ ─ ╩ √⇔≡™√⁹ 

↓╣╠─ ⅛╠⁸ ⌐⅔↑╢ ╩ ⇔√ ⌐⅔™≡ ⅜ ≢⅝╢↓≤╩

⇔√⁹∆⌂╦∟⁸ ─ ─ ⅛╠─◦☻♥ⱶ ╩ ⇔√↓≤⌐⌂╢⁹⌂⅔⁸

↓↓≢ ╠╣√ ╩⁸ ─fiꜟ◐כꜞ♃כ꜡ ≤⇔≡╕≤╘╢≤ 3.2.1 - 2─╟℮⌐

⌂╢⁹ 

 

3.2.1.4 ◦☻♥ⱶ─ ₒR1x  

╢╟⌐fiꜟ◐כꜞ♃כ꜡ ╩ ◦☻♥ⱶ≤⇔≡ ⅎ√ ⁸ ╩ ╗

│⁸ ≢№╢ ─╒⅛⌐ ╩ ╗ ●☻⅜№╢⁹ ─ ⌐ ⇔√

≤ ⇔√ ─ ╩ ∆╢≤ Ru─ ⌂ ≤ ─ Cs─ ⅜

╠╣╢↓≤⅜ 30 ╕≢⌐╦⅛∫≡⅔╡⁸ ●☻ ─ ⌂ │ Ru≤ Cs ≢№╢

≤ ⅎ╠╣╢⁹ ≢│ ●☻ ─ ╩ ⇔ ─ ╩∆╢↓≤≢⁸ ◦☻

♥ⱶ─ ─ ⅛╠─ ╩ ⇔⁸ ⌐ ⇔√ ─ ⅛╠─ ≤ ╦∑

≡⁸ ◦☻♥ⱶ─ ╩ ∆↓≤≤∆╢⁹ 

 

(1) ●☻  

◦☻♥ⱶ⌐⅔↑╢ ●☻⌐│⁸ ⅛ה ≤™∫√ ⌐╟∫≡ ⇔╛∆™

Ru╛ Cs ─ ⅜ ╕╣╢⅜⁸ ≢№╢ ꜠ⱬꜟ ╩ ⅛ה ∆╢√╘⌐

─ ●☻╛ NOx╙ ╕╣╢⁹ ●☻ ≢│⁸ ─╒⅛⁸

●☻╙ ┼ ╠↕⌂™ ⅜№╢⁹↓↓≢⁸ ●☻ ─ ─ ●☻≤ NOx─ ⌂



 

 

3. 2.1- 8 

 

≤⇔≡│▪ꜟ◌ꜞ ⌐╟╢♩ꜝ♇ⱪ⅜ →╠╣╢⅜⁸▪ꜟ◌ꜞ ⌐╟╢♩ꜝ♇ⱪ│

Ru╛ Cs ─ ⌐╙ ≢№╢≤ ⅎ╠╣╢⁹↓↓≢│⁸ ♫♩ꜞ►ⱶ ⌐ ⅛

─ ●☻╩ⱣⱩꜞfi◓∆╢↓≤⌐╟∫≡⁸ ♫♩ꜞ►ⱶ ♩ꜝ♇ⱪ┼─ Ru╛ Cs

─ ╩ ∆╢⁹ 

3.2.1 - 22 ⌐ ∆╟℮⌂ ⌐≡⁸Ᵽ♇♅ fiꜟ◐כꜞ♃כ꜡ ⌐ 100 L/╩

⇔⁸500 ϴ ⁸ ™≡ 600 ϴ⅛ ╩ ⇔√⁹↓─ ⇔√●☻╩ 3M─ ♫♩

ꜞ►ⱶ ⌐ 2 ⱣⱩꜞfi◓↕∑√⁹∕─ ⁸♩ꜝ♇ⱪ ─╤ ╩ ICP ⇔√⁹

⅛ה ⌐⅔™≡⁸ ⇔√ ╩ ∆╢√╘─ NaOH ─ ⌂ ⱣⱩꜞfi◓

⌐ Ru│ 97 ⁸Cs│ 94 ↕╣√ 3.2.1 - 3 ⁹╕√ ╩ ╛∑┌ 1 ∏≈

⅜ ∆╢≤ ╠╣╢⁹⇔√⅜∫≡⁸ ≢ ⇔√╟℮⌂ ⌂ ♫♩ꜞ►ⱶ Ᵽ

Ⱪꜞfi◓⌐╟∫≡ Ru≤ Cs⅜ ↕╣╢↓≤⅜ fi⅛╠Ᵽꜟ◐כꜞ♃כ꜡⁸√╕⁹√∫⌂≥⅛╠

Ⱪꜞfi◓╕≢─ ≢ Ru⅜ 4 ─ RuO2≤⌂╡⁸ ⌐ ∆╢ ⅜ ⅎ╠╣╢⅜⁸

[ 9]⌐╟╢≤⁸ ─ ┘⌐ ⌐ ∂╢ NOx─ ⌐╟╡ ≢│ ─

8 Ru⅜ √╣╢≤ ╠╣⁸ ⌐ ╕╢↓≤╙⌂™≤ ⅎ╢⁹⇔√⅜∫≡⁸ ♫♩ꜞ►

ⱶ ♩ꜝ♇ⱪ┼─ Ru╛ Cs─ │ ⌐ ⅎ╢↓≤⅜╦⅛╡⁸ ●☻ ─ │

≢⅝╢≤ ⅎ╢⁹ 

 

(2)╕≤╘ 

꜠ⱬꜟ ─ ⅛ה ⁸ ╩ ⇔≡ fiꜟ◐כꜞ♃כ꜡℮ ╩ ה

⇔⁸ ⌐╟╢ ⱪ꜡☿☻ ╩ ⇔√⁹↓╣⌐╟╡⁸ ─

fiꜟ◐כꜞ♃כ꜡╢№≢ ⌐╟╡ ⅛╠ ╩ ≢⅝╢↓≤╩ ∆≤≤╙⌐⁸

⌐⅔↑╢ ─ ╩ ⇔⁸ ●☻ ─ ╩ ∆╢↓≤≢⁸◦☻♥ⱶ≤

⇔≡ ∆╢ ─ ╩∆╢≤™℮ ─ ╩ ⇔√⁹ 



 

 

3. 2.1- 9 

 

 

H28

30

ⱪ꜡☿☻
3.2.1.2

ⱪ꜡☿☻
3.2.1.2 (4)

⅛ ⱪ꜡☿☻
3.2.1.2 (2)

ⱪ꜡☿☻
3.2.1.2 (1)

⅛ ⱪ꜡☿☻ 3.2.1.2 (3)

ⱪ꜡☿☻ 3.2.1.2 (5)
ה 3.2.1.2 (5 - 1)
ה 3.2.1.2 (5 - 2)

R1

ⱪ꜡☿☻
3.2.1.3

fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ─ 3.2.1.3 (1)

╩fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ⇔√
3.2.1.3 (2)

ה ⅛ 3.2.1.3 (2 - 1)
⅛ה 3.2.1.3 (2 - 2)

◦☻♥ⱶ─

3.2.1.4

ה
ה

 

3.2.1 - 1 4 ─  

 

3.2.1 - 1 ─ [ 4]  

 mol   Mol   mol  

Na 56.4  Ru 3.4  Pr 1.1  

Fe 6.4  Cs 3.3  Sm 0.8  

Zr 5.47  Pd 2.3  Y 0.7  

Mo 5.04  Ba 1.8  Rh 0.6  

Ce 4.8  Sr 1.3  Te 0.6  

Nd 4.6  La 1.3  Eu 0.2  
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3.2.1 - 2 ⌐╟╢ ⱪ꜡☿☻  

 

3.2.1 - 3  11 ⁸ 6 ⁸ 2  

 

 

3.2.1 - 4 ⅛ ⱪ꜡☿☻ ─ 300 ϴ⁸600 ϴ⁸800 ϴ 
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3.2.1 - 5 ─  

 

ׁ♁ϛϬׇΠθ᷃

Ḛ τ ΰοΜϥ᷃

Ϥ

ׁ♁ϛ

 

3.2.1 - 6 ─  
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3.2.1 - 7 ─  

   
3.2.1 - 8 ⱪ꜡☿☻ ─ ╣ 

ⱪ꜡☿☻

Ᵽ♇♅ fiꜟ◐כꜞ♃כ꜡
⅛300ϴה 220,230,240,250ϴ
⅛600ϴה 250, 270, 300ϴ

⁸ 10rpm⁸5

⅛900ϴה 600ϴ
or ⁸ 10rpm⁸5

5

┤╢™ ≤℮

⅛

╢≈╓
300ϴ, 600ϴ, 900ϴ

2

⅛  

⅛  ⅛  

⅛  
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3.2.1 - 9 300 ϴ⅛ ─230 ϴ ─  

 

 

3.2.1 - 10 600 ϴ⅛ ─270 ϴ ─  

 

 

3.2.1 - 11 900 ϴ⅛ ─ ─  
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3.2.1 - 12 ─  

 

y = 0.7 x
R² = 0.99 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

[c
m

/
]

tan( [deg])× [rpm]
 

3.2.1 - 13 ─  
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Ḛ

ᴞ

П˔Ќ˔1 П˔Ќ˔2 П˔Ќ˔3 П˔Ќ˔4

П˔Ќ˔1 П˔Ќ˔2 П˔Ќ˔3 П˔Ќ˔4

ׁ

ῢ

 

3.2.1 - 1- 14 ─  

 

 

3.2.1 - 15  
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3.2.1 - 16 ≢ ╠╣√  

 

 

 

200
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3.2.1 - fiꜟ◐כꜞ♃כ꜡ 2  

   

fiכ♂  ╩ ↓∆ 250 ϴ  250 ϴ 

⅛ fiכ♂  ◦☻♥ⱶ ⅛╠─  600 ϴ 

fiכ♂  ⅛ ⅜ ∆╢  270 ϴ 

 
⅛ ה ─ ⌂ ╩ ∆╢ 

 
10rpm 

 
⅛ ה ─ ⌂ ╩ ∆╢ 

 
0.5° 

 ⅛ ה ─ ╩ ∆╢ ♪ꜝ▬◄▪ 

 

3.2.1 - 3  

 Ru Cs 

 305 mg 100 mg 

 ╤    ╤    

 61 mg 13 mg 85  8.1 mg <0.6 mg 75  

 9.2 mg 1.6 mg 97  2.0 mg <0.05 mg 94  

 

⅛╠

*  

87 mg 11 mg 

 



 

 

3. 2.2- 1 

 

3.2.2  ₒH28- R1x  

≢│⁸3.2.2.1 ⌐≡ ╩ ═⁸3.2.2.2 ⌐≡⅛ ─ ⌂╢ ─

─ ╩ ⇔⁸3.2.2.3 ≢│ 3.2.1.2 ─ⱪ꜡☿☻ ≢ ⇔√ ─ ─

╩ ⇔⁸3.2.2.4 ≢│ 3.2.1.3 ─ⱪ꜡☿☻ ≢ ⇔√ ─ ⌐≈™≡

⇔⁸3.2.2.5 ≢ ─ ╩ ∆⁹ 

 

3.2.2.1  

≢│ ─ ╩ ∆╢⅜⁸∕─ │⁸3.2.1 ≢ ⇔√

─ ╩ ╖⁸∕─ │ 3.2.1 ─ ⌐ ⇔≡™╢╒⅛⁸ ─ ⌐

⌂ ─ ╩ ⅎ╢√╘⁸ ─ ─ ─╒⅛⁸ ⅛ ╩

⇔≡ ∆╢╙─≢№╡⁸ ─ ≤ ⌐ ⇔≡™╢⁹ ─ ≤∕─

ⱨ▫כ♪ ╩ 3.2.2 - 1⌐ ∆⁹ ⌐│⁸ ─ ה ⌐ ⌂ ╩ ⅎ╢⅛

╩Ɽꜝⱷ⁸⇔≥♃כ╢≈╓╙⇔ↄ│꜡כꜞ♃כ◐ꜟfi≢ ∆╢ ─

Ⱶ◒꜡ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ╩ ⇔⁸3.1 ⌂ ◦☻♥ⱶ─ ⌐≡⅛ ╩ ∆

╢√╘─ ╩ ╢⁹ ⌐⁸3.2.1 fiꜟ◐כꜞ♃כ꜡ ⌐⅔↑╢

─ ≢ ∆╢ ⌐≈™≡ Ⱶ◒꜡ ⁸ ⁸ ╩ ⇔⁸

⌐ⱨ▫כ♪Ᵽ♇◒∆╢⁹ 

│⁸ 30 ╕≢⌐ 600 ϴ≤ ↕╣√⅛ ─ ⁸ ꜟ◐כꜞ♃כ꜡

fi≢№╢ ⱪ꜡☿☻ ⌐≡⁸ ─≢fiꜟ◐כꜞ♃כ꜡ ╩ ⇔√

⌐≡ ⇔√ ⌐≈™≡ ╩ ⇔⁸ 30 ╕≢─ ≤ ╦∑≡ ─

╩ ∆╢⁹ 

 

3.2.2.2 ⅛ ─ ⌂╢ ─  ₒH28- H30x  

(1)  

1- 1 Ⱶ◒꜡  

⌂ ⌐⅔↑╢ │⁸▪◒♅♬♪─ ⁸ ─ ⁸

─ NOx ⌂≥─ ⅛╠ 300 900 ϴ╩ ⇔≡™╢⁹⅛ ⌐№√╡

─ ╛ ─ ⌂≥─Ⱶ◒꜡ ╩ ⇔≡⅔ↄ ⅜№╢⁹ ╩ ≢⅛

⇔⁸ ∆╢ ─ SEM- EDS ╩ ∫≡ ╩ ⇔√⁹ 

⅛ ─ │⁸ ⌐ Na, Ce, Mo, Sr, Pd ⌐ ↕╣╢ 5 ≈─ ─ ⌐ ℮

╛ ⌐╟∫≡ ∆╢↓≤⅜≢⅝⁸⅛ ─ ⌐ ∫≡⁸ ─ ⌂╡╛

⅜ ╠╣√⁹ ─ ─ ╩ 3.2.2 - 2 ⌐ ∆⁹ ─ ≢№╢ Na╩ ╗ │

⇔≡⅔╠∏⁸800 ϴ╕≢─ ≢ ⌐╟╢ ╩ ≈≤ ⅎ╠╣╢⁹⌂⅔⁸Na╩

╗ │⁸700 ϴ ≢ ⅜ Mo≤─ ╩ ∂≡ ⇔™ ╩ ∂╢⅜⁸900 ϴ≢

⇔≡∆═≡ ─ ⌐ ╦╢⁹Ce╩ ≤∆╢ │⁸ ─ ⅛╠ ┼─

⌐╟∫≡⁸Nd, Fe, La, Cs ⅜ ⇔√╙─≢№╡⁸ ⌐ ∂≡ Mo ⅛╠─ Zr ╛

Sr ─ ╩ ⇔⁸700 ϴ ≢│ ⅝⌂ ⅜ ╠╣╢⁹▪◒♅♬♪╩ ╗ ─

│ ⌡ Ce≤ ─ ╩ ∑╢≤ ⅎ╠╣⁸Ce ≢─ ⅜ ⌐⌂╢ 700 ϴ



 

 

3. 2.2- 2 

 

≢│Ⱶ◒꜡ ─ ⅜ ∂╢ ⅜№╢⁹↓─√╘⁸ ─√╘⌐│⁸

№╢™│ ⅜ ≤⌂╢⁹ ⁸ ╩ ⇔≡ ╩ꜟכ◔☻─

∆╢ Na │⁸Ce ─ ⌐ ℮ ─ ┼─ ⁸⸗ꜞⱩ♦fi ☺ꜟ

◖♬►ⱶ─ ⁸⅔╟┘⁸⸗ꜞⱩ♦fi ♫♩ꜞ►ⱶ─ ⌐╟╡ ╛ ╩ ↕∑╢↓

≤⅜ ↕╣╢⁹ 

 

1- 2  

⅛ ⌐ ╕╣╢ ─ ▬○fi╩ ⇔√ ⌐ ↕∑⁸▬○fi◒꜡ⱴ♩◓ꜝⱨ▫

≢כ ▬○fi≤ ▬○fi╩ ⇔√⁹ ─ⱨ꜡כꜗ♅כ♩╩ 3.2.2 - 3⌐ ⇔√⁹

╩ 3.2.2 - 1⌐ ∆⁹↓─ ⌐ ∆ mass ≤│⁸⅛ ⌐ ╕╣╢ ▬○fi─ ╩

∆⁹╕√⁸mol/g ≤│⅛ 1g ⌐ ╕╣╢ ▬○fi─ ╩ ⇔≡™╢⁹⅛ ⌐│

│╒≤╪≥ ╕╣∏⁸ ─ ≢№∫√⁹⅛ ⌐╟∫≡⅛ ⌐ ╕╣╢

─ │ ⌂∫≡⅔╡⁸↓─ │ ─ ⅛╠ ↕╣√ ⌐

™╙─≢№∫√⁹ 

 

(2)  

2- 1  

─ ⌐│ ⅜ ∆╢ ╩ ⌐ ⇔⁸ ≢ ⇔⌂ↄ≡│⌂

╠⌂™⁹ ה │ TGDTA╩ ™≡ ⇔√⁹300⁸600⁸900 ϴ⅛ ╩▪ꜟ◗fi ⁸

5K/min≢∕╣∙╣ ↕∑⌂⅜╠ TGDTA ╩ ∫√⁹ 3.2.2 - 4, - 5, - 6⌐⅛ ─ TGDTA

─ ╩ ∆⁹ 

300 ϴ⅛ │ 300 ϴ ⅞╕≢ ⅜⌂ↄ⁸∕─ ⅔╟┘ DTA⅜ ⇔≡™∫√⁹

↓╣│⅛ ≢│ NOx─ ⅜ ↓╠∏⁸⅛ ╩ ⅎ╢≤ ₁⌐ NOx─ ⅜ ∂≡

™∫√≤ ⅎ╠╣╢⁹270 ϴ ⌐│ ─Ⱨ⁸╡№⅜◒כ ⅜⌂™ ≢ ─Ⱨכ◒⅜

№∫√─≢⁸↓─ ≢ ─ ⅜ ∂√╙─≤ ⅎ╠╣╢⁹⌂⅔⁸ 270 ϴ

≢│⅛ ─ ⅜ ⇔√─≢│⌂ↄ⁸↓─ │⁸ ⇔√ ≤ ⇔≡™⌂

™ ╩ ≤⇔√ ⅜ ⇔≡™╢ ≤ ⅎ╠╣╢⁹√∞⇔⁸270 ϴ ─ ─

Ⱨכ◒⅜ ─ ≢№╡⁸ ─ ⅜ ∆╢≤ ⅎ╠╣╢⅜⁸

240 ϴ ⅛╠ ⌐ ℮ │ ↕╣≡⅔╡⁸ ─ │ 240 ϴ

≢│ ↕╣≡™╢╙─≤ ⅎ╠╣╢⁹ 

600 ϴ⅛ │⁸300 ϴ⅛ ≤ ⌐⁸270 ϴ ≢ ─Ⱨכ◒⅜ ⇔⁸⅛ ≢№

╢ 600 ϴ╕≢│ ⅔╟┘ DTA ⅜⌂ↄ⁸∕─ ≥∟╠╙ ⇔≡™∫√⁹ 

⁸900 ϴ⅛ │ 100 ϴ ╕≢⌐ ≤ Ⱨכ◒╩ ∫≡™√⁹900 ϴ⅛

│ Na⁸∆⌂╦∟▪ꜟ◌ꜞ ─ ⅜ ⌐ ╕╣≡⅔╡⁸↓╣│ ─ ╩ ⌐

∆╢⁹↓─ ⅜ ∆╢↓≤≢↓─Ⱨכ◒╩ ∂√≤ ⅎ╠╣╢⁹∕─ │ ⌐ ≢

№∫√⁹ 

 

2- 2  

⅛ ╩ ⱪ꜠☻⌐╟╡ ≤⇔⁸ ─ ꜙ◦♇ꜝⱨכ◙כ꜠╩ ≢



 

 

3. 2.2- 3 

 

⇔√⁹↓↓≢ ℮ │⁸⅛ ─ ≤⇔≡─ ╩ ∆╢↓≤╩ ≤⇔

≡≢⅝╢∞↑ ╩⌂ↄ∆╟℮⌐ ⱪ꜠☻⌐≡ ⇔√╙─≢№╡⁸ ─○ⱪ◦ꜛfi≤

⇔≡ ╩ ╘╢ ≤│ ⌂∫√ ╩ ∫√╙─≢№╢⁹ ─ ╩

3.2.2 - 7⌐ ∆⁹300 ϴ⅛ ≤ 900 ϴ⅛ │ ⌡ ∂ ≢№∫√⅜⁸600 ϴ⅛ │

╟╡ ™ ╩ ⇔≡™√⁹ ≤⇔≡ ∆╢ 250 ϴ ⌐⅔™≡│⁸ ⅛

─ │ 0.7W/mK ≤⌂∫√⁹↓╣│ 3.2.2 - 8[ 10]⌐ ∆ ♫♩ꜞ►ⱶ─

⅛╠ ─ ≤⇔≡ ⇔≡™√ 0.5W/mK ╟╡╙ ⅝ↄ⁸ ⅜

╟╡╙ ↄ⌂╢↓≤╩ ⇔≡™╢⁹ 

 

(3)  

↓↓≢│ 3.2.1.2(4) ⱪ꜡☿☻ ⌐≡ ╠╣√ ─ ∆⌂╦∟

╩ ∆╢⁹300 ϴ⅛ ─ ─⁸ ┤╢™ ⌐ ↕╣√ ╩ 3.2.2 - 9

⌐ ∆⁹ ⌐ ╘╠╣╢ ≤⇔≡⁸ ─ ⅛╠ ⌂ↄ≤╙ 10 µm ⅜

╘╠╣╢⁹ ╙ ⅛™┤╢™─ ─ ⅝│ 20 µm≢№╢⅜⁸╟╡ ⅜ ↕ↄ∕╣╩ ⇔√

│ ⌐ ↕╣╢√╘⁸ 3.2.2 - 9─ ⌐⅔↑╢ ╩ ∆╢↓≤⅜ ⱪ꜡

☿☻─ ≢№╢⁹220 ϴ≢ ╩⇔√ ⁸ ≤ ⇔≡ ─

⅜ ⇔√⁹230 ϴ≢ ⇔√╙─│ ─ ⅜ 1 ≤⌂╡⁸∕╣ ─

≢│↕╠⌐ ⇔≡™√⁹600 ϴ⅛ ─ ─ ╩ 3.2. 2- 10 ⌐

∆⁹250 ϴ≢ ╩ ∫√ ⁸ ─ ⅝ 20 µm─┤╢™╩ ⇔≡ ⌐ ⇔√

│ ≤ ⌂ↄ ╩ ╠∆↓≤│≢⅝⌂⅛∫√⅜⁸270 ϴ⅔╟┘ 300 ϴ

≢ ╩ ╖√ │ 1 ⌐╕≢ ↕∑╢↓≤⅜≢⅝√⁹300 ϴ≢ ╩ ╖√

│⁸300 ϴ ╩┤╢™⌐⅛↑√ ─ ─ ⅝≢№∫√ 710 µm─┤╢™╩ ⇔⌂

™ ⌂ ⅜ ⌐ ∂⁸↓─╟℮⌂ ⌂ │ ◐ꜗ♬☻♃┼─

⌂ ⌐ ╩ ∂╢ ╣⅜№╢√╘⁸ │ 270 ϴ ⅜ ™≤ ⅎ╠╣╢⁹

900 ϴ⅛ │⁸3.2.1 ⌐ ⇔√╟℮⌐⁸ ⌐ ╩ ∆╢↓≤≢ ╩ ∫√⁹

900 ϴ⅛ ╩ 600 ϴ─ ⅔╟┘ ≢ ⇔√ ─ ╩

3.2.2 - 11 ⌐ ∆⁹ ≢ ╩ ∫√ ⁸ ─ ⅝ 20 µm─┤╢™╩ ⇔≡

⌐ ⇔√ │ ╟╡╙ ↄ ╩ ╠∆↓≤│≢⅝⌂⅛∫√⅜⁸

≢ ╩ ╖√ │ 1 ⌐╕≢ ╩ ↕∑╢↓≤⅜≢⅝√⁹ 

 

 (4)  

⌐│ ─╒⅛⌐ ⇔╛∆™≤ ⅎ╠╣╢ ⅜ ╕╣≡™╢⅜⁸ ╩

⇔√ ⌐⅔™≡│ ⌐╟∫≡ ⅜ ∆╢ ⅜№╢⁹300 ϴ⅛ ⁸

600 ϴ⅛ ⁸∕⇔≡ 900 ϴ⅛ ─ ╩ ⇔√⁹⅔╟∕ 25 ϴ⁸ 50 ⌐ ∫√

☻◒♇ⱩⱲכ꜡◓ ⌐ ╩ ∆╢↓≤≢ ↕∑√⁹ ─ ↕∑√ ⁸∕─

╩ ∆╢↓≤≢ ╩ ⇔√⁹ ╩ 3.2.2 - 12 ⌐ ∆⁹ ⅜ ⇔™ ⌐⁸900 ϴ

⅛ ⁸300 ϴ⅛ ⁸600 ϴ⅛ ≤⌂∫√⁹↓─ ⅛╠⁸ ≢כ♄כ○─ ⌐⇔≡

 ─ ⅜ ∂╢↓≤⅛╠⁸ ≢─ ─ ⁸ ◐ꜗ♬☻♃⌐ ╩ ∆

╢╕≢─ ⁸ ⌐ ╣⌂™╟℮⌐ ∆╢ ⅜№╢⁹⌂⅔⁸ ⌐≈™≡│⁸



 

 

3. 2.2- 4 

 

3.3.1 ─ ─ ─ ⌐╟∫≡ ∆╢⁹ 

 

(5)  

fiꜟ◐כꜞ♃כ꜡ ≢│⁸ ─ ⅛ה ה ╩ ℮⅜⁸ ∆╢ ⌐

─ ⅜ ∆╢ ⅜№╢⁹ ─ │ ─ ╩ ∆╢ ⌂ ≢№╢

─≢⁸ ╩ ∆╢ ⅜№╢⁹↓─√╘⁸ ─ ⅛ה ╩

≢ ™ ╩ ⇔√⁹ ≤⇔≡│⁸☻♥fi꜠☻ ─ SUS316L⁸SUS310S⁸

⌂ Ni ≢№╢▬fi◖Ⱡꜟ 600⁸∕⇔≡▪ꜟⱵ♫⁸ ≤⇔√⁹ ≢│↓╣╠─

⅔╟∕ 10 mm×10 mm⁸ ↕ 0.5 mm ╩ ⌐ ⇔⁸150 ϴ≢ ╩

↕∑⁸∕─ ─ 300 ϴ⁸600 ϴ⁸900 ϴ╕≢ ⇔ 2 ⅛ ╩ ∫√⁹ ─

─◓ꜝⱨ╩ 3.2. 2- 13 ⌐ ∆⁹300 ϴ≢⅛ ⇔√ │∆═≡─ ⌐≡

⅜⌂⅛∫√⁹↓─ │⁸ ≤≤╙⌐ 300 ϴ≢⅛ ⇔≡╙ ⅜ ∂⌂⅛∫√≤™

℮∞↑≢⌂ↄ⁸ ⇔≡ ╩ ⇔≡™ↄ ⌐ ↕╣⁸∕─ ⅛ ⌐ ∫≡™∫√≤⇔

≡╙ ⅜ ∂⌂⅛∫√≤™℮↓≤≢№╢⁹600 ϴ─⅛ ⌐│⁸SUS310S⁸▬fi◖Ⱡꜟ 600⁸

▪ꜟⱵ♫│ ⅜⌂⅛∫√⅜⁸SUS316L│╦∏⅛⌐ ⅜ ⇔⁸ ╙╛╛ ⅜ ⇔

√⁹SUS310S⁸▬fi◖Ⱡꜟ 600⁸▪ꜟⱵ♫⅜ 600 ϴ⅛ ─ ≤⌂╢⁹ ⁸900 ϴ─⅛

⌐⌂╢≤▪ꜟⱵ♫─╖│ ⅜⌂⅛∫√⅜⁸∕╣ │ ⅜ ∂√⁹ ╩╕≤╘

╢≤⁸300 ϴ⅛ ─ │≥─ ≢╙ ⌐ ⅎ√⅜⁸600 ϴ⅛ ─ │ ⅜ ⅎ╠╣∏⁸

SUS316L⅜ ⇔™ ⅜№╡⁸900 ϴ≢│▪ꜟⱵ♫─╖⅜ ⅎ ╢↓≤⅜╦⅛∫√⁹ 

 

3.2.2.3 ⱪ꜡☿☻ ≢ ⇔√ ─  ₒH28- H30x  

≢│ 3.2.1.2 ⱪ꜡☿☻ ≢ ╠╣√ ⌐≈™≡ Ⱶ◒꜡ ⁸ ⁸

╩ ⇔√ ╩ ∆╢⁹↓↓≢ ╠╣√ │ⱪ꜡☿☻ ⌐ⱨ▫כ♪Ᵽ♇◒↕╣⁸(2)ᵑ

fiꜟ◐כꜞ♃כ꜡ ⌐ ⅛↕╣╢↓≤⌐⌂╢⁹ ⌂ ─

≢ ∆ ─ │⁸ ⇔╛∆™ 10 µm ─ ⌂ ╩ ∏╢↓≤≤ ─

╩ ←√╘⌐ 0.1mm ─ ⅜⌂ↄ ⌐ ⇔≡™╢↓≤≢№╢⁹⇔√⅜

∫≡⁸ ─ ≤⇔≡│⁸ Ⱶ◒꜡ ≢│ ⅜ ⌐ ⇔≡™╢↓≤╩ ∆

╢ ⅜№╢⁹ 

╕∏ 3.2.1.2(1) ⱪ꜡☿☻ ─ ≢ ╠╣√ ─ ─Ⱶ◒꜡ ╩

═√⁹ ─ ⌂╢ 3≈─ ⌐≈™≡⁸ ╩ ↔≤ ⇔⁸∕─ SEM

╩ 3.2.2 - 14, - 15,- 16─∕╣∙╣─ ⌐ ∆⁹╕√∕╣∙╣─ ─ ≢ ╦╣√ 3 יִ

─ ⌐≈™≡∕╣∙╣ EDS⌐╟╢ ╩ ∫√╙─⅜ 3.2.2 - 14, - 15, - 16─∕╣∙╣─

≢№╢⁹Na─╖ ─ ⌐ ╩ ⇔≡™╢⁹ ─ ⌐ ™√ X │ ⌐

⇔≡™╢⁹ ╩ 11 ≤ ↄ ∫√ │⁸3 יִ ─ ⌐⅔↑╢ ⅜ ⌂∫≡⅔╡⁸

⌐ ≢№╢ Na─ ⇔™ ⅜ ╠╣√⁹ ⁸ ⌐⅛↑╢ ╩ ↄ⇔√ ≢│⁸

─ │ ⇔≡™√⁹↓╣│⁸ 6 ⁸⅔╟┘ 2 ─╙─│ ⌐ ⅜ ∂≡

™√↓≤⅛╠⁸ ≢ ⇔√ ⌐╟∫≡ ⅜ ↕╣⁸ ─ ⅜ ↕╣√√╘

≤ ⅎ╠╣╢⁹⇔√⅜∫≡⁸ ─╟℮⌂ ─ ╩ ∆╢√╘⌐│⁸ ⅜ ∆

╢╟℮⌂ ⁸∆⌂╦∟ ≢ ↕∑╣┌ ™↓≤⅜ ╠⅛≤⌂∫√⁹ 



 

 

3. 2.2- 5 

 

⌐⁸3.2.1.2(1) ⱪ꜡☿☻ ─ ─ ⁸∆⌂╦∟ ≢─ ⅜ ≢

№╢↓≤⅜╦⅛∫√↓≤⅛╠⁸ ⇔√Ᵽ♇♅ fiꜟ◐כꜞ♃כ꜡ ⌐ ╩ ⇔⁸ ⌐

↕∑≡ ╠╣√ ⌐ ⇔≡⅛ ה ╩ ⇔⁸ ⇔√ ─ SEM(BSE )⅔╟┘

EDSⱴ♇Ⱨfi◓╩ 3.2.2 - 17⌐ ∆⁹ ꜠ⱬꜟ ─ ≢№╢ Na⅜ ⌐ ⅜∫≡⅔╡⁸

ⱴ♩ꜞ♇◒☻╩ ⇔≡™╢↓≤⅜╦⅛╢⁹ ⌂ ≢№╢ Cs╛ Sr─☻ⱳ♇♩ ⌂

ה ⌂≥│ ↕╣⌂⅛∫√⁹ 

⌐⁸3.2.1.2(5 - 2) ≢ ╠╣√ ─ SEM ╩ 3.2. 2- 18⁸ Ⱶ

◒꜡ ╩ 3.2. 2- 19 ⌐ ∆⁹↓∟╠─ ⌐≈™≡╙ ⌐⁸ ♫♩ꜞ►ⱶ╩ⱴ♩ꜞ♇

◒☻≤⇔≡⁸╒⅛─ ╩ ↕∑√ ⅜ ≡ ╣√⁹↓∟╠╙ ─ ─ │ ↕╣

⌂⅛∫√⁹ 29 ╕≢⌐ ╠⅛⌐⌂∫√╟℮⌐⁸ ⌐ ╩ ↕∑╢↓≤≢⁸

≢ ⅜ ∂⁸∕─ ≢ ⅜ ⌐⌂╡⁸⅛ ה ╩ ≡╙∕─ ⅜

√╣√≤ ⅎ╠╣╢⁹ ≢ ╠╣√ ─ ⌐≈™≡ 3.2.2 - 19⌐ ∆⁹1 cm

─ │ 50 wt ╩ ⅎ≡™√⁹╕√⁸ ⅜ 32 µm╩ ╢╟℮⌂ ⌐ ⇔≡│

⌐ ╠∆↓≤⅜≢⅝≡™√⁹⇔√⅜∫≡⁸↓─ ≢ ╠╣√ │ ─ ⅛╠╙

─ ╩ √⇔≡™√⁹ ⌐≈™≡│⁸ ≢ ⇔√⁹ │⁸ ─

╩ ⇔⁸ ≤ ╦∑≡⁸ ─ ╩ ≢⅝╢ ≢№╢⁹ ⌐╟╢

─ ≢│⁸ ⌐ ⌐ ╡ ╕╣√ ─ │ ╕╣╢╙──⁸

─ ≤ ∂≡™╢ ─ ─ ╛ ─ ─ │ ↄ↓

≤⅜≢⅝╢⁹ ≤™℮ ─ ≤⇔≡│⁸ ╛ ╩⇔⌂™ ╡ ⇔⌂™ ╩

╪∞ ≢ ⇔√ ╩ ∆╢⁹↓─ ⅎ ⌐ ≠⅝⁸ ─ ╩

3.2.2 - 2⌐ ∆⁹H29 ⌐ ⇔√ 600 ϴ⅛ ─ ─ ╙ ╙ ─

─ ╙ ™√ ∕─╙── ⅛╠ ╘╠╣√ ≤ ∆╢≤⁸ ─ │

5 ╒≥≢№╢⁹ 

 

3.2.2.4 ⱪ꜡☿☻ ≢ ⇔√ ─ ₒR1x  

≢│ ╩fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ⇔√ ≢ ╩ ∫√ 3.2.1.3 ⱪ꜡☿☻

⌐≡ ╠╣√ ⌐≈™≡ Ⱶ◒꜡ ⁸ ⁸ ╩ ⇔√ ┘⌐ ╩

⇔√ ─ ─ ╩ ∆╢⁹ 

 

1 Ⱶ◒꜡ ה ה  

3.2.1.3(2) ╩fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ⇔√ ⁸∆⌂╦∟ ╩

⌐≡ ⅛ה ↕∑╢ ⅛ה ≢ ╠╣√⅛ ≤∕↓≢ ╠╣√ ⌂

╩ ╗⅛ ╩ ⇔ ∆╢⅛ ≢ ╠╣√ ─ ⁸

Ⱶ◒꜡ ⁸ ─ ╩ ⇔√⁹ 

3.2.2 - 20 ⌐ ⅛ה ─⅛ ─℮∟⁸ ⌂ ⅛ ─ Ⱶ◒꜡

╩ ∆⁹ │ ─⅛ ≢ ∆╢√╘⁸∕─ ≢ ─ ⅜ ⇔⌂™⅛╩

∆╢⁹ 3.2.2 - 20⅛╠╦⅛╢╟℮⌐ ⅛ │⁸ ╙ ⌐ ╕╣≡™╢ Na⅜ ⌐

⌐ ⇔⁸ ⌐⅔™≡╙ 0.1mm╩ ⅎ╢╟℮⌂ │ ↕╣⌂⅛∫√⁹ 3.2.2 - 21

│ ⅛ה ─⅛ ─℮∟⁸0.1mm ─ ─⅛ ╩ 1000 ─ ≢



 

 

3. 2.2- 6 

 

⇔√ Ⱶ◒꜡ ≢№╢⁹ ≢ ∆╢≤™ↄ≈⅛─ ─ ⅜ ↕╣╢⅜⁸∕╣

≢╙ ₁20 µm ≢№╡⁸ ⌐≈⌂⅜╢╒≥─ │ ╠╣⌂⅛∫√⁹↓∟╠╙

─ Na╩ⱴ♩ꜞ♇◒☻≤⇔≡⁸ ╩ ⇔√ ⅜ ≡ ╣√⁹ 3.2.2 - 22 │

⅛ה ≢ ╠╣√⅛ ╩ ⇔⁸ ⇔√⅛ ─ ─ Ⱶ

◒꜡ ≢№╢⁹⅛ ⌐ ⅜ ╠╣⌂⅛∫√↓≤⅛╠ ↕╣≡™√↓≤≢│№╢⅜⁸

↓∟╠╙ ⌐ │ ╠╣∏⁸ ╩ ≢⅝≡™√⁹ 

3.2.2 - 23 │ ⅛ה ─⅛ ≤⁸⅛ ─ ╩┤╢

™ ↑⇔≡ ─ ⅝─┤╢™ ⌐ ↕╣√ ─ ╩ ⇔√◓ꜝⱨ≢№╢⁹⅛ │

2000 µm∆⌂╦∟ 2 mm╩ ⅎ╢╟℮⌂ ⅝⌂ ─ ⅜ 40 ↄ ╕╣≡™

√─⌐ ⇔⁸ │ ↕╣⁸╒╓ ⇔⌂ↄ⌂∫≡™√⁹ 3.2.2 - 24 │ ─ ╩

ⱪ꜡♇♩⇔√╙─≢№╢⁹ 30 µm╩ ╢╟℮⌂ ⅛™ ─ │ ⌐╟∫≡ ⇔⁸

⁸∕╣ ─ ⅝↕⅛╠ 1000 µm∆⌂╦∟ 1mm ╕≢│ ─ ⅜ ⇔≡™√⁹⇔

√⅜∫≡⁸ ≤ ╩ ╢↓≤≢⁸ ╙ ╙ ⇔⁸ ≤ ═╢ ─

⅜ ⅎ√≤ ⅎ╢⁹ 

3.2.2 - 3⌐ ⇔√ ─ ─ ╩ ∆⁹ ∑≡ ╩ ™√ 600ϴ⅛ ─⅛

─ ⁸∆⌂╦∟ ╩ ∑√⁹≥∟╠╙ 3.4g/cm3 ≢№∫√⅜⁸ ⌐│

─ ≢ ╡ ╕╣√ ⅜ ∆╢√╘⌐ ⅜ ↕™≤™℮ ⌐⌂∫≡™√⁹ 

 

2 ╩ ⇔√ ─  

─ ─ ╩ ∆╢⌐ √╡⁸ ─ ⅜ ≤⌂╢⅜⁸

╩◐ꜗ♬☻♃⌐ ∆╢≤ ⌐ ⅜ ∆╢√╘⌐⁸ ─ ∞↑≢⌂

ↄ⁸ ─ ─ ╙ ╘√ ─ ╩ ╢ ⅜№╢⁹╕√⁸☿ꜟ ─

≤⇔≡ 25 ϴה 50 ╩ ∆╢≤⁸ ↕╣√ ⅜◐ꜗ♬☻♃⌐ ↕╣ ↕╣

╢╕≢∕─ ⌐ ↕╣√≤∆╢≤ 0.3wt  ↕╣╢ ╣⅜№╢⁹╙⇔ ≤

⇔ ≢ ⅜ ∆╢ ⁸ ⅜ ⅜╢↓≤⌐⌂╡⁸ ⌐ ⅜

╢⁹∕↓≢⁸ ╩ ⇔√ ≤⇔≡⁸ ☿ꜟ ╩ ⌐ ∫√ ⌐

╠╣╢ ≤☿ꜟ ⅜ ≢№∫√ ⌐ ⇔√ ⌐≈™≡⁸ ─ ─

╩ ╗ ╩ ⇔√⁹ ●☻⌐│◐ꜗ♬☻♃ ●☻─ ╩ ⇔⁸

╩ ™≡ RT 230 ϴ╕≢ ⅛╠ ⇔≡™∫√⁹ ⌐≈™≡│⁸230 ϴ≢

─ │ ↕╣√ ≤⌂╢√╘⁸ ≢ ∆╢↓≤≢ ─

╩ ═√⁹ 3.2.2 - 25 ⌐ ─ ╩ ∆⁹ ─√╘⁸ ⌐ ⇔√

─ ≤⁸ ●☻≢№╢ ─ [11] ╩ ∑√⁹ ⇔√ ╙ ⇔√

╙ 0.2W/mK╒≥─ ╩ ⇔≡™√⁹ ≢│ ה☻● ─

─ ↕⌐ ↕╣⁸ ─ ≤ ⇔⁸ ⅝ↄ ⅜∫≡™√⁹ ≢

│⁸ ●☻─ ╩ ⇔√⸗♦ꜟ╩ ™≡™╢↓≤⅛╠⁸ ●☻⌐╟╢

─ ╩ ⇔≡ ╩⇔≡™╢⁹⌂⅔⁸ ⌐≈™≡ ≢─ ⁸∆

⌂╦∟ ≤ ≢─ ╩ ⇔√≤↓╤⁸∕─ ™│⌂⅛∫√↓≤⅛╠╙

│⌂™≤ ⅎ╢⁹ 

 



 

 

3. 2.2- 7 

 

3.2.2.5 ─ ₒR1x  

⌂ ◦☻♥ⱶ─ ≢│⁸ ╩⁸ ╩⅛ ⇔⁸

─ ╩ 0.1mm ⅛≈ 10 µm ≤⌂╢╟℮⌐ ⇔≡╕≤╘√╙─≤ ⇔

√⁹ ≢│⁸∕─╟℮⌂ ≢fiꜟ◐כꜞ♃כ꜡╩ ≢⅝╢↓≤╩ ∆≤≤╙⌐⁸↓╣╕

≢─ ╩╕≤╘≡ √ ─ ╩ 3.2.2 - 4⌐ ⇔√⁹ 

⌂⅔⁸ ⁸ ⌐≈™≡│ ⇔√ ⅜ ╩ ⇔≡™╢↓≤╩ ≢ ⇔

√⅜⁸ ⁸ ⁸ ⁸ ⌐≈™≡│⁸ ≢ ⇔√ ⅜

╩ ∆╢↓≤╩ 3.4.1 ⁸3.4.2 ⁸⅔╟┘ 3.4.3 ≢ ∆╢⁹ 

 



 

 

3. 2.2- 8 
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3.2.2 - 1 ─  
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3.2.2 - 2 ⅛ ─ ─╕≤╘ 

 



 

 

3. 2.2- 9 

 

300ϴ⁸600ϴ⁸900ϴ⅛

⁸90ϴ⁸24

▬○fi◒꜡ⱴ♩◓ꜝⱨ▫כ

 

3.2. 2- 3 ⱨ꜡כꜗ♅כ♩ 

 

3.2. 2- 1  

 NO3-  NO2-  

Mass  mol/g Mass  mol/g 

300 ϴ⅛  40.6 0.00655 <0.1 <0.00003 

600 ϴ⅛  28.6 0.00461 <0.1 <0.00003 

900 ϴ⅛  <0.1 <0.00002 <0.1 <0.00003 
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3.2.2 - 4 300 ϴ⅛ ─ TGDTA  

 



 

 

3. 2.2- 10 
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3.2.2 - 5 600ϴ⅛ ─ TGDTA  
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3.2.2 - 6 900 ϴ⅛ ─ TGDTA  

 



 

 

3. 2.2- 11 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 100 200 300

W
/m

K

ϴ

600ϴ

900ϴ

300ϴ

300ϴ

600ϴ

900ϴ

 

3.2.2 - 7 ─  

 

 

 

3.2.2 - 8 ♫♩ꜞ►ⱶ─ [10]  

 

 

 



 

 

3. 2.2- 12 
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3.2.2 - 9 300 ϴ⅛ ─  
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3.2.2 - 10 600 ϴ⅛ ─  

 

 



 

 

3. 2.2- 13 
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3.2.2 - 11 900 ϴ⅛ ─  

 

 

3.2.2 - 12 ⅛ ─  

 



 

 

3. 2.2- 14 

 

 

3.2.2 - 13  

 



 

 

3. 2.2- 15 
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3.2.2 - 14 11 ≢ ⇔√ ─



 

 

3. 2.2- 16 
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3.2.2 - 15 6 ≢ ⇔√ ─



 

 

3. 2.2- 17 
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3.2.2 - 16 2 ≢ ⇔√ ─  

 



 

 

3. 2.2- 18 

 

 

3.2.2 - 17 ≢ ╠╣√ ─ Ⱶ◒꜡  

 



 

 

3. 2.2- 19 

 

 

3.2.2 - 18 ≢ ╠╣√ ─ Ⱶ◒꜡  

 



 

 

3. 2.2- 20 

 

 

3.2.2 - 19 ≢ ╠╣√ ─  

 

3.2.2 - 2 ─  

   g/cm3 

 150 m 1 cm  3.40 

600   3.58 

 



 

 

3. 2.2- 21 
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3.2.2 - ⅛ה 20 ─ ⅛ ─ Ⱶ◒꜡ ×200  



 

 

3. 2.2- 22 
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3.2.2 - ⅛ה 21 ─ ⅛ ─ Ⱶ◒꜡ ×1000  



 

 

3. 2.2- 23 
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3.2.2 - 22 ⅛ ─ ─ Ⱶ◒꜡ ×200  



 

 

3. 2.2- 24 
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3.2. 2- ⅛ה 23 ─⅛ ⅔╟┘⅛ ─ ─ 
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3.2.2 - ⅛ה 24 ─⅛ ⅔╟┘⅛ ─ ─ 



 

 

3. 2.2- 25 

 

 

3.2.2 - 3 ─  

  [g/cm³]   

╩ ™√⅛  3.46  

⅛ ─  3.36 ╩ ╗  
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3.2.2 - 25 ─  

 



 

 

3. 2.2- 26 

 

 

3.2.2 - 4 ─  

    

  ─  

10 µm  

10 µm  

  ─ ╩ ←√

╘⁸◘Ⱪ mm☻◔כꜟ≢

─ ⅜  

0.1mm  

  ≢ ╘╢ ╩ ™⁸

3.4.1 ≢ ◦☻♥ⱶ⅜

∆╢↓≤╩ ∆╢↓≤ 

3.5 g/cm 3 

  ≢ ╘╢ ╩ ™⁸

3.4.1 ≢ ◦☻♥ⱶ⅜

∆╢↓≤╩ ∆╢↓≤ 

0.8 W/m/K 

 ⁸ 

◐ꜗ♬☻♃  

≢ ╘╢ ╩ ™⁸

3.4. 2 ⅔╟┘ 3.4.3 ≢

⅜ ≢⅝╢↓≤╩

∆╢↓≤ 

30 wt  NO3-  

  ≢ ╘╢ ╩ ™⁸

3.4. 2 ≢ ⅜

≢⅝╢↓≤╩ ∆╢↓≤ 

0.3 wt   

 

 

 



 

 

3. 2.3- 1 

 

3.2.3 ₒH30- R1x  

3.2.3.1   

≢│⁸ ≢ ⇔√ 70L/h ─ ╩ ⇔√

( ─(fiꜟ◐כꜞ♃כ꜡ ╩ ∆╢⁹∕─√╘⁸ 30 כꜞ♃כ꜡⁸│⌐

◐ꜟfi⌐╟╢ ꜠ⱬꜟ ⅛╠─ ⌐≈™≡⁸ ╩ ⌐⁸

≤☿ꜟ ╩ ⇔√ ─ ⌂ ╩ ∫√⁹╕√⁸ │⁸ 30

─ ╩ ⌐ ⌂ ╩ ∆╢≤≤╙⌐⁸ ─ ╩ ╘╢

≤≤╙⌐⁸ ⌐ ∆╢ ╩ ⇔√⁹ 

 

3.2.3.2   

≤☿ꜟ ╩ ╢╟⌐fiꜟ◐כꜞ♃כ꜡√⇔ ꜠ⱬꜟ ⅛╠─

⌐≈™≡⁸ ⌐ ∆ ≢ ╩ ⇔√⁹ 

 

1  

 ꜠ⱬꜟ ⅛╠─ ╩ ┼™∆╢ ⅜№╢√╘⁸ │◖fi◒ꜞכ♩☿ꜟ ⌐

↕╣╢╙─≤⇔√⁹╕√⁸☿ꜟ ─ ╩ ∆╢√╘⌐⁸ ●ꜝ☻⅔╟┘☿ꜟ ─◌ⱷꜝ

⌐╟╡⁸ ─ ⅜ ≢⅝╢╙─≤⇔√⁹ 

 

2  

☿ꜟ ─ │ ↄ⁸ ⅜☿ꜟ ⌐▪◒☿☻⇔≡ ∆╢ ≢│ ⅜ ⅝

ↄ⌂╢√╘⁸ ∆╢ ⅜№╢⁹ ⌐│ⱴ♬ⱪ꜠כ♃כ ⅜ ™╠╣╢⅜⁸ ╟

╡╙ ⅜ ↕ↄ⁸ ⌂ │ ╠╣≡™╢⁹∕─√╘⁸ ≥ꜟכꜙ☺⸗│ ∆╢⁸

ⱴ♬ⱪ꜠כ♃כ≢ ⌂⁸ ╛ ─ ≤⇔≡ ⇔≡⅔⅝⁸ ⅜ ⇔√

╩ꜟכꜙ☺⸗⁸│⌐ ╡ ⇔⁸ ⌐ ∂≡ ⇔√ ⁸ⱷfi♥♫fi☻◄ꜞ▪⌐≡⁸◓꜡כⱩ╩

⇔≡ ⅜ ∆╢ ╩ ⇔√⁹ 

 

3  

 30 ⌐ ⇔√ ⌂ ≢│⁸ ≢─ ⌐ ™√ ⱪ꜡☿☻

( ─(fiꜟ◐כꜞ♃כ꜡ ╛ ╠╣√ ╩ ⌐ ╩fiꜟ◐כꜞ♃כ꜡ ⇔√⁹

⌂⅔⁸ ─ │⁸ ─ ─√╘─ ≢№╡⁸ ≢ ⇔≡™╢

─ ( 70L/h)╩ ╢∆ⱪ♇▪ꜟכ◔☻│⌐╢∆ ⅜№╢⁹∕─√╘⁸ ORANO

⅛╠ ↕╣≡™╢ 70L/h ─ ╩ ╩☼▬◘─fiꜟ◐כꜞ♃כ꜡╢∆ ≤⇔⁸

ORANO─꜡כꜞ♃כ◐ꜟfi─ ↕⅜ 3 [8 ,12,13 ]⁸ ─ ↕⅜ 1.5

≢№╢↓≤⅛╠⁸ ─ ╩ 2 ╢∆ⱪ♇▪ꜟכ◔☻⌐ ≤⇔√⁹⇔⅛⇔⁸ ORANO

─ 3 ╩fiꜟ◐כꜞ♃כ꜡─ ⌐⇔√ ⁸ ⌐ ⌂ ╙ ╘≡ ─

─ ⅜ ⌐⌂∫√⁹↓─√╘ ─ ≢│⁸ fiꜟ◐כꜞ♃כ꜡

╩ⱬ⁸⌐☻כ ╘─ ⁸ ─ ⌐╟╢ ─ ⁸ ─ⱷfi♥♫fi☻╩ⱷ

fi♥♫fi☻◄ꜞ▪≢ ∆╢↓≤⌐╟╢ ⅝ ⇔ ─ ╩ ℮↓≤⌐╟╡⁸

⌐ ⌂ ─ ⅜ 3 ×3 ⌐ ╕╢╟℮ ╩ ∆↓≤≤⇔√⁹ 



 

 

3. 2.3- 2 

 

 

3.2.3.3  ≤☿ꜟ ╩ ╢╟⌐fiꜟ◐כꜞ♃כ꜡√⇔ ─

⌂  ₒH30x  

≤☿ꜟ ╩ ╢╟⌐fiꜟ◐כꜞ♃כ꜡√⇔ ꜠ⱬꜟ ⅛╠─

⌐≈™≡⁸ ↕╣╢ ╛∕╣⅜ ≢№╢↓≤╩ ∆⁹ 

 

(1) ↕╣╢♩ꜝⱩꜟ─ ≤ ─  

ה  ─fiꜟ◐כꜞ♃כ꜡⌂ ╩ 3.2.3 - 1⌐ ∆⁹ ꜞ♃כ꜡│

≥fiꜟ◐כ ⱪ꜠☻┼─ ─ ≢ │fiꜟ◐כꜞ♃כ꜡⁹╢╣↕

⅝ↄ ⇔≡ ⁸ⱥ⁸♃כ ⁸⅔╟┘ ⌐ ↕╣╢⁹╕√⁸ ⱪ꜠

☻┼─ ─ ⌐≈™≡│⁸ ─ ◖fiⱬ▪כ≤Ɫfi♪ꜞfi◓ ≢ ↕╣╢⁹

3.2.3 - 1⌐ ∆♩ꜝⱩꜟ⌐≈™≡ ≢⅝╢╟℮⁸ ─ ─fiꜟ◐כꜞ♃כ꜡≥

╩ ∫√⁹ 

 

(2) ╩ ─fiꜟ◐כꜞ♃כ꜡√⇔  

╩ ─fiꜟ◐כꜞ♃כ꜡√⇔ ╩ 3.2.3 - 1⌐ │fiꜟ◐כꜞ♃כ꜡⁹∆

╠⅛ꜟכꜙ☺⸗─≈9 ↕╣≡™╢⁹ 

 ⌐ √∫≡│⁸ⱴ♬ⱪ꜠כ♃כ≢ ⌂╟℮⁸ ─ fiꜟ◐כꜞ♃כ꜡

⌐ ⇔≡⁸ ─╟℮⌂ ╩ ∫√⁹ 

¶ ╩ ⅛╠☻ⱶכ☼⌐ ╡ ∆√╘─ X ╩☺כ♥☻  

¶ ─ ─ │ ╩ ∆ ⅛╠⁸ⱴ♬ⱪ꜠כ♃כ≢ ╖╩ ↕∑╢

⌐  

¶ ─ ⌐№╢ ☻▬♇♅╛ ─ │ ╡ ⇔≡☿ꜟ ⌐  

╠⅛כ♃כ⸗ ¶ ┼─ fiכ▼♅⁸│ ⅛╠ ⌐  

¶ ─Ⱳꜟ♩╩♫♇♩ꜝfi♫ ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑╢ ≢ ∑╢ Ⱳꜟ♩⌐

 

≢fiכ꜠◒ꜟ☿fi▬╩ꜟכꜙ☺⸗ ¶ ╡ →╢√╘⁸ ╡ ╩  

╩ꜟכꜙ☺⸗ ¶ ⌂ ⌐ ╡ ↑╢√╘⁸ꜝⱨ●▬♪≤ ╘Ⱨfi╩  

¶ │ⱴ♬ⱪ꜠כ♃כ≢ ⌂ ⌐  

 

(3) ≤☿ꜟ ╩ ─fiꜟ◐כꜞ♃כ꜡√⇔  

 ≤☿ꜟ ╩ ∆╢≤≤╙⌐⁸○ⱪ◦ꜛfi≢ ─ ∆╢ ⌐ ™

╢ ⱪ꜠☻╕≢─ ╡ ™╩ ⇔√ ╩ 3.2.3 - 2⌐ ∆⁹ 

─fiꜟ◐כꜞ♃כ꜡ ⅛╠ ↕╣√ │⁸ ─ ⌐ ⇔√ ⁸Ɫfi

♪ꜞfi◓ ≤ ◖fiⱬ▪כ╩ ™≡ ⱪ꜠☻ ╕≢ ⇔⁸ ⱪ꜠☻≢

↕╣╢⁹ ⱪ꜠☻ ☻◒♇ⱩⱲכ꜡◓⁸│☼▬◘─ ⅜№╡⁸ ꜟכꜙ☺⸗

╩ ─ⱪ꜠☻ ─◘▬☼╩ ≤⇔√⁹⌂⅔⁸↓─ ─ ⌐ ∆╢☻Ɑכ☻≤⇔

≡│⁸ 11 × 2.6 ⅜ ≢№╢√╘⁸ ─◘▬☼─ ⅜ ≤⌂∫√⁹ 



 

 

3. 2.3- 3 

 

(4) ↕╣╢♩ꜝⱩꜟ┼─ ⌂ ─  

  3.2.3 - 1⌐ ∆ ⌐⅔™≡⁸ ⌐ ⌂ ╩ ─fiꜟ◐כꜞ♃כ꜡╢∆

⅜ ≢№╢↓≤╩ ∆√╘⌐⁸∕─ ─ ╩ ⌐ ∆ 3.2.3 - 3 ⁹⌂⅔⁸

─ ≢│⁸ ─◘▬☼─ ╩ ⇔≡⅔╠∏⁸ ⌐ ᵖ⌐⅔™≡ ╩ ⌐

⅝ ∆√╘⌐⁸ ≤↕╣╢ ⅜ ⌐ ⌐ ⅝ↄ⌂∫≡™╢√╘ ⅜ ≢

№╢↓≤⅜╦⅛∫√⁹ 

ᵑ ⱥכ♃≤ ⱥכ♃╩ ⇔≡™╢ Ⱳꜟ♩╩ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑√♫♇♩ꜝ

fi♫≢ ╘╢⁹ 

ᵒ ⱴ♬ⱪ꜠כ♃כ╩ ™≡⁸ ⱥכ♃─ ╡ ⌐▬fi☿ꜟ◒꜠כfi─ ╡ ╩ ╡ ↑

╢⁹ 

ᵓ ⱥכ♃╩ ╡ →╢⁹ 

ᵔ ⱥכ♃╩ ↕∑╢⁹ 

ᵕ ─ Ⱳꜟ♩╩ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑√♫♇♩ꜝfi♫≢ ╘╢⁹ 

ᵖ ⱴ♬ⱪ꜠כ♃כ≢ ╩ ╪≢⁸X ☺כ♥☻ ⌐ ╩ ⌐ ⅝∏╡ ╡ ∆⁹ 

ᵗ ⸗☺ꜙכꜟ─ Ⱳꜟ♩╩ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑√♫♇♩ꜝfi♫≢ ╘╢⁹ 

ᵘ ⱴ♬ⱪ꜠כ♃כ╩ ™≡⁸ ─ꜟכꜙ☺⸗ ╡ ⌐▬fi☿ꜟ◒꜠כfi─ ╡

╩ ╡ ↑⁸ ⱥכ♃╩ ⌐ ↕∑≡ ╡ →╢⁹ 

ᵙ ה ●☻ ─ꜟכꜙ☺⸗ Ⱳꜟ♩╩ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑√♫♇♩ꜝ

fi♫≢ ╘⁸ⱴ♬ⱪ꜠כ♃כ≢ ⌐ ↕∑╢⁹ 

ᵚ ⱴ♬ⱪ꜠כ♃כ╩ ™≡ ╡ ⌐▬fi☿ꜟ◒꜠כfi─ ╡ ╩ ╡ ↑╢⁹ 

ᵛ ▬fi☿ꜟ◒꜠כfi≢ ╩ ╡ →≡ ╡ ∆⁹ 

ᵜ №╢™│ⱷfi♥♫fi☻◄ꜞ▪≢ ⇔√ ╩ ─ ≢ ╡ ↑≡ ╩ ↕∑

╢⁹ 

 

3.2.3.4  ≤☿ꜟ ╩ ╢╟⌐fiꜟ◐כꜞ♃כ꜡√⇔ ─ ─

≤ ₒR1x  

≤☿ꜟ ╩ ╢╟⌐fiꜟ◐כꜞ♃כ꜡√⇔ ꜠ⱬꜟ ⅛╠─

⌐≈™≡⁸ │ fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ≤⇔≡⁸ ─ ≤

╩ ∫√⁹ ─ ⌐ √∫≡ ─◘▬☼─ ⌂ ╩ ╢√╘⁸ ORANO─ 3

╩fiꜟ◐כꜞ♃כ꜡─ ⌐∆╢─≢│⌂ↄ ─ ⌐ ⇔⌂⅜╠ ╩ ∆

╢≤≤╙⌐⁸ ⌐ ∆╢☻Ɑכ☻─ ╩ ∆╢╟℮⌐ ╩ ⇔√⁹ 

 

─fiꜟ◐כꜞ♃כ꜡(1) ─  

─fiꜟ◐כꜞ♃כ꜡  ─ ╩ 3.2.3 - 2⌐ ∆⁹ ≢ ∆╢

╩ ∆╢√╘⁸ │ 70L/h≤⇔√⁹╕√⁸ ╩ ∆╢√╘⁸ ─

355.6 ≤ ⌐⅔↑╢ 30 ─ ─ ╘⁸ ה

╡ ╩ ∫√⁹ ─ ⅛╠⁸ ─ │ SUS310S≤⇔√⁹╕√⁸ ─ ♂

fiכ ⁸⅛ ⁸ ⌐≈™≡⁸ⱥכ♃ ⁸ ↕⁸ ─ ⌐≈™≡ ╘√⁹ 



 

 

3. 2.3- 4 

 

(2) ╩ ⇔√ ─fiꜟ◐כꜞ♃כ꜡  

fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ─℮∟⁸ ╩ ⇔√ ─fiꜟ◐כꜞ♃כ꜡

╩ 3.2.3 - 4⌐ ∆⁹ │fiꜟ◐כꜞ♃כ꜡ ─⧵≥ꜟכꜙ☺⸗─≈6 ⅛╠ ↕╣

≡™╢⁹ ⌐ √∫≡│⁸ⱴ♬ⱪ꜠כ♃כ≢ ⌂╟℮⁸ ◐כꜞ♃כ꜡─

ꜟfi╩ⱬ⁸⌐☻כ ORANO─꜡כꜞ♃כ◐ꜟfi⅛╠ ╠╣╢ ╩ ⌐⇔≡⁸ ─╟℮

⌂ ╩ ∫√⁹ 

¶ ─Ⱳꜟ♩╩♫♇♩ꜝfi♫ ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑╢ ≢ ∑╢ Ⱳꜟ♩⌐

 

≢fiכ꜠◒ꜟ☿fi▬╩ꜟכꜙ☺⸗ ¶ ╡ →╢√╘⁸ ╡ ╩  

╩ꜟכꜙ☺⸗ ¶ ⌂ ⌐ ╡ ↑╢√╘⁸ꜝⱨ●▬♪≤ ╘Ⱨfi╩  

¶ │ⱴ♬ⱪ꜠כ♃כ≢ ⌂ ⌐  

 

(3)◐ꜗ♬☻♃─ ─  

fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡  ─℮∟⁸◐ꜗ♬☻♃─ ─ ╩ 3.2.3 - 5⌐

∆⁹ │◐ꜗ♬☻♃╩ ╠⅛fiꜟ◐כꜞ♃כ꜡ ─ ⌐ ∆╢╙─≢№╢⁹╕

∏⁸ ─◐ꜗ♬☻♃╩ ⌐ ⇔ ↑≡ ─fiꜟ◐כꜞ♃כ꜡ ⌐ ↕∑√ ⌐

╩ ∆╢⁹ ⁸◐ꜗ♬☻♃╩ ↕∑⁸ ╕≢ ≢ ∆╢⁹ │

⌐ꜟכꜙ☺⸗ ↕╣≡⅔╠∏⁸ⱴ♬ⱪ꜠כ♃כ ≢ ≢⅝⌂™♩ꜝⱩꜟ ⅜ ⇔√ ⌐

│⁸ ↔≤ⱷfi♥♫fi☻◄ꜞ▪⌐ ↕∑≡ ∆╢↓≤≤⇔√⁹ 

 

(4)◐ꜗ♬☻♃─ ─ ─  

fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡  ─℮∟⁸◐ꜗ♬☻♃─ ─ ─ ╩

3.2.3 - 6 ⌐ ∆⁹ │⁸ ●☻ ⌐╟╡ ⅜ ↕╣√◐ꜗ♬☻♃ ─ ╩

↕∑√ ⁸◐ꜗ♬☻♃─ ⌐ ╩ ⇔≡ ∆╢⁹ ⌐≈™≡╙⁸◐ꜗ♬☻♃

─ ≤ ⁸ⱴ♬ⱪ꜠כ♃כ ≢ ≢⅝⌂™♩ꜝⱩꜟ ⅜ ⇔√ ⌐│⁸ ↔≤

ⱷfi♥♫fi☻◄ꜞ▪⌐ ↕∑≡ ∆╢↓≤≤⇔√⁹ 

 

(5) ─  

fi◦☻♥ⱶꜟ◐כꜞ♃כ꜡ ≤⇔≡⁸ ─♃☻♬ꜗ◐fi⁸ꜟ◐כꜞ♃כ꜡ ⁸

⅔╟┘◐ꜗ♬☻♃─ ─ ╩ ╗◦☻♥ⱶ ─ ╩ 3.2.3 - 7⌐ ∆⁹ 

─fiꜟ◐כꜞ♃כ꜡ ⅛╠ ↕╣√ │⁸◐ꜗ♬☻♃⌐ ⇔√ ⁸

╩ ™≡◐ꜗ♬☻♃─ ─ ╕≢ ⇔⁸ ╩ ∆╢↓≤⌐╟╡ ∆╢⁹ 

─ ⁸ ─♃☻♬ꜗ◐≥fiꜟ◐כꜞ♃כ꜡ ─ ─ │ 3.1 ×

3.1 ≤⌂╡⁸ ≤⇔√ 3 ×3 ─ ⌐ ≢⅝╢ ⇔⅜ ╠╣√⁹◐ꜗ♬☻♃─

╩ ⅎ╢≤⁸ ╩ ─ꜟכ꜠─╘√╢∑↕ ∞↑ ⅜ ⇔≡⁸ │

3.1 ×3.9 ≤⌂╢⅜⁸ ─ ⌐╟╢◐ꜟfi─↕╠⌂╢ ╛ ─ꜟכ꜠─

─ ╩ ℮↓≤⌐╟╡⁸↕╠⌂╢ ─ ⅜ ╣╢ ⅜№╢⁹ 

⌂⅔⁸○ⱪ◦ꜛfi≢№╢ ⱪ꜠☻ ╩ ∆╢ ≥fiꜟ◐כꜞ♃כ꜡⁸ ⅝≤⇔√◐ꜗ

♬☻♃─ ─ ─ ⌐ ⱪ꜠☻ ╩ ⇔⁸ⱬꜟ♩◖fiⱬ▪כ⅔╟┘꜡Ⱳ♇♩▪כⱶ⌐



 

 

3. 2.3- 5 

 

≡∕─ ╩ ←╙─≤⇔⁸ ╩◖─ ⌐ ∆╢↓≤≢ ─ ╩ ⅎ╢⁹ 

 

(6) ─fiꜟ◐כꜞ♃כ꜡ ─ ─  

 ⌐ ⇔≡│⁸ ╛ ⌐╟╢ ⅜ ∂╢ ⁸ ╙♩ꜝⱩꜟ─ ⅜ ↕╣╢

≢№╢↓≤⅛╠⁸ ⌐╟╢ ─ ╩ ∫√⁹ ─ ⌐ √∫≡│⁸ ⌐ ≤

⌂╢ ─ ─ ╩ ⇔√⁹ 

ᵑ ╕∏⁸ ─ ≢ ⱥכ♃╩ ╡ ∆ 3.2.3 - 8 ⁹ 

I.  ⱥכ♃─ Ⱳꜟ♩ 6 ╩ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑√♫♇♩ꜝfi♫≢ ╘╢⁹ 

II.  4 יִ ─ ╡ ⌐▬fi☿ꜟ◒꜠כfi─ ╡ ╩ ╡ ↑⁸ ⱥכ♃╩ ╡ →≡

⌐ ↕∑╢⁹ 

ᵒ ⌐⁸ ─ ≢ ה ⱨה♪כ ⱨכ♪╩ ≢ ╡ ∆ 3.2.3 - 9 ⁹ 

I.  ╩ ⇔≡™╢ Ⱳꜟ♩ 8 ╩ⱴ♬ⱪ꜠כ♃כ⌐ ╡ ↑√♫♇♩ꜝfi♫≢

╘╢⁹ 

II.  4 יִ ─ ╡ ⌐▬fi☿ꜟ◒꜠כfi─ ╡ ╩ ╡ ↑⁸ ╩ ⱨכ♪

⅔╟┘ ⱨכ♪≤≤╙⌐ ╡ →≡ ⌐ ↕∑╢⁹ 

III.  ▬fi☿ꜟ◒꜠כfi⌐≡ ╩ⱷfi♥♫fi☻◄ꜞ▪⌐ ∆╢⁹ 

IV.  ⱷfi♥♫fi☻◄ꜞ▪⌐≡⁸ ⱨכ♪⅔╟┘ ⱨכ♪╩ ╡ ∆⁹ 

V. №╢™│ⱷfi♥♫fi☻◄ꜞ▪≢ ⇔√ ╩ ─ ≢ ╡ ↑≡ ╩

↕∑╢⁹ 

 

3.2.3.5  ─╕≤╘ 

30 ⌐ ⇔√ ╢╟⌐fiꜟ◐כꜞ♃כ꜡⁸│≢ ꜠ⱬꜟ ⅛╠─

⌐≈™≡⁸ ≤☿ꜟ ╩ ⇔√ ─ ⌂ ⌐≈™≡ ⇔⁸ⱴ♬

ⱪ꜠כ♃כ≢ ≥ꜟכꜙ☺⸗⌂ ┌╣╢ ╛ ─ ≤⇔≡ ∆╢↓≤ ⌐╟

╡⁸ ≢ ⌂ ⇔╩ ╢↓≤⅜≢⅝√⁹╕√⁸ ─ ⌂ ─ ≤⇔≡

─ ╩ ⇔√⁹ 

 ─ ≢│⁸ 30 ─ ╛ ─ ≢ ╠╣√ ╩ⱨ▫

≡⇔◒♇Ᵽ♪כ ─ ה ╩ ∆≤≤╙⌐⁸ ─ ⌐ ⇔≡╙ ⇔⁸

≤☿ꜟ ╩ ⇔√ ─ ─ ╩ ╘√⁹╕√ ─ ≤⇔≡⁸

╠⅛fiꜟ◐כꜞ♃כ꜡ ╠╣√ ╩◐ꜗ♬☻♃⌐ ∆╢◦☻♥ⱶ⌐≈™≡─ ─

╩ ∫≡⁸ ─ ╩ ⇔√⁹ 

 2 ─ ╩fiꜟ◐כꜞ♃כ꜡⁸╡╟⌐ ™≡ ꜠ⱬꜟ ╩ ⇔≡◐ꜗ♬

☻♃⌐ ∆╢ fi◦☻♥ⱶ⌐≈™≡⁸ꜟ◐כꜞ♃כ꜡ ─ ╩ ╠⅛

⌐∆╢≤≤╙⌐⁸3 ×3 ─ ⌂☻Ɑכ☻⌐ ≢⅝╢ ╩ ⇔√⁹ 



 

 

3. 2.3- 6 

 

3.2.3 - ה 1 ─fiꜟ◐כꜞ♃כ꜡⌂ 30  

  ↕╣╢   

◐ꜟfi 

 

⌐╟╢ ─

 
⌐╟╡ ⌐╟╢ ╩ ∆╢⁹ 

─  ⌐╟╡ ╩ ╡ ∆⁹ 

ה

┼─ ─⅛╖

╖ 

⅛╖ ⅜ כ꜠ⱴ♬ⱪ╩ꜟכꜙ☺⸗√⇔

≢fiכ꜠◒ꜟ☿fi▬≥כ♃ ╡ ⇔⁸

⌐╟╡ ה ∆╢↓≤⌐╟╡ ∆╢⁹ 

─ ה

⌐╟╢  

≤ ●☻ ⌐ ╢ ╩ ╖

ꜟכꜙ☺⸗≡∑╦ ⇔⁸ⱴ♬ⱪ꜠כ♃כ≤▬fi

≢fiכ꜠◒ꜟ☿ ≢⅝╢╟℮⌐∆╢⁹ 

─  
ⱴ♬ⱪ꜠כ♃כ≤▬fi☿ꜟ◒꜠כfi≢ ≢⅝

╢╟℮⌐∆╢⁹ 

╛כ♃כ⸗ ─

 

≥כ♃כ⸗ ꜟכꜙ☺⸗╣∙╣⧵╩ ⇔⁸

ⱴ♬ⱪ꜠כ♃כ≤▬fi☿ꜟ◒꜠כfi≢ ≢⅝

╢╟℮⌐∆╢⁹ 

ⱥכ♃ 
ⱥכ♃─  

ⱥכ♃─ ≤ ꜟכꜙ☺⸗╣∙╣⧵≢

⇔⁸ⱴ♬ⱪ꜠כ♃כ≤▬fi☿ꜟ◒꜠כfi≢

≢⅝╢╟℮⌐∆╢⁹ 

─  ⱴ♬ⱪ꜠כ♃כ≢ ≢⅝╢╟℮⌐∆╢⁹ 

 

─  ☿ꜟ ┼ ∆╢⁹ 

●☻ ─  

≤ ●☻ ⌐ ╢ ╩ ╖

ꜟכꜙ☺⸗≡∑╦ ⇔⁸ⱴ♬ⱪ꜠כ♃כ≤▬fi

≢fiכ꜠◒ꜟ☿ ≢⅝╢╟℮⌐∆╢⁹ 

 ─ ╡ 
ⱴ♬ⱪ꜠כ♃כ⌐╟╡ ─ ╕╡╩ ∆

╢⁹ 

ⱪ꜠☻┼

─  

◖fiⱬ▪כ 

⁸ ⁸

┼─ ─⅛

╖ ╖ 

⅛╖ ⅜ כ꜠ⱴ♬ⱪ╩ꜟכꜙ☺⸗√⇔

≢fiכ꜠◒ꜟ☿fi▬≥כ♃ ╡ ⇔⁸

⌐╟╡ ה ∆╢↓≤⌐╟╡ ∆╢⁹ 

╛כ♃כ⸗ ─

 

≥כ♃כ⸗ ꜟכꜙ☺⸗╣∙╣⧵╩ ⇔⁸

ⱴ♬ⱪ꜠כ♃כ≤▬fi☿ꜟ◒꜠כfi≢ ≢⅝

╢╟℮⌐∆╢⁹ 

Ɫfi♪ꜞfi◓

 

Ɫfi♪ꜞfi◓ ─

 

ⱴ♬ⱪ꜠כ♃כ≤▬fi☿ꜟ◒꜠כfi≢ ≢⅝

╢╟℮⌐∆╢⁹ 



 

 

3. 2.3- 7 

 

3.2.3 - ─fiꜟ◐כꜞ♃כ꜡ 2 ─  

No   

1  70L/h 

fiכ♂ 2  60kW 

3 ⅛ fiכ♂  20kW 

fiכ♂ 4  20kW 

fiכ♂ 5  0.5m 

fiכ♂ 6  ╘  

7 ╘  0.4m 

8 ─ ה ╡   

9 ⅛ fiכ♂  0.2m 

fiכ♂ 10   

fiכ♂ 11  0.3m 

12 ⅛ fiכ♂

 

 

13   

14  SUS310S 

15 ╖ 7.9mm 

16   

17  355.6mm 

18  40 Nm2/h  

19  1.97kL/ min.  

20  ⌂⇔ 

21  ─●ꜝ☻

─ ꜠ⱬꜟ  

22 ●☻  ♫♩ꜞ►ⱶ ⌐╟╢♩

ꜝ♇ⱪ 

 



 

 

3. 2.3- 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

X
ⱴ♬ⱪ꜠כ♃כ≢ ╩ ╡
∆√╘─ X  ☺כ♥☻

 

3.2.3 - 1 ╩ ⇔√ fiꜟ◐כꜞ♃כ꜡ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.3 - 2 ⁸☿ꜟ ⁸⅔╟┘ ⱪ꜠☻ ≤─ ╡ ™╩ ⇔√ ♃כ꜡

─fiꜟ◐כꜞ ─  

 

 

 

11m

2.6 m



 

 

3. 2.3- 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (i) Ⱳꜟ♩╩ ╘⁸ ╡ ╩ ╡ ↑╢      (ii) ⱥכ♃─ ╡ ⇔ 

 

 

 

 

 

 

 

 

 

(iii)  ─ ╡ ⇔ 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iV) ─ ╡ ⇔ 

3.2.3 - ╢↑⅔⌐fiꜟ◐כꜞ♃כ꜡ 3 ─ ─  

Ⱳꜟ♩ 

╡  

☻●ה

 ꜟכꜙ☺⸗

 

 ꜟכꜙ☺⸗

ⱥכ♃ 

╡ → 

 

╡ → 

╡ → 

 

 

⅝ ∆ 



 

 

3. 2.3- 10 

 

 

 

3.2.3 - ─fiꜟ◐כꜞ♃כ꜡ 4  

 

 

 

 

3.2.3 - ─fiꜟ◐כꜞ♃כ꜡ 5 ◐ꜗ♬☻♃─  

 

 

ⱨכꜙ☺⸗♪כꜟ 

ⱥכꜙ☺⸗♃כꜟ 

 ꜟכꜙ☺⸗

ⱨכꜙ☺⸗♪כꜟ 

 ꜟכꜙ☺⸗כ♃כ⸗

ⱥכꜙ☺⸗♃כꜟ 



 

 

3. 2.3- 11 

 

 

 

 

3.2.3 - ─fiꜟ◐כꜞ♃כ꜡ 6 ◐ꜗ♬☻♃─ ─  

 

 

 

 

 

3.2.3 - ─fiꜟ◐כꜞ♃כ꜡ 7 ◦☻♥ⱶ ─  

ⱨכꜙ☺⸗♪כꜟ ⱥכꜙ☺⸗♃כꜟ 

ⱥכꜙ☺⸗♃כꜟ 

ⱨכꜙ☺⸗♪כꜟ 

 ꜟכꜙ☺⸗

◐ꜗ♬☻♃─ ─  

◐ꜗ♬☻♃─  



 

 

3. 2.3- 12 

 

 

 

3.2.3 - ─fiꜟ◐כꜞ♃כ꜡ 8 ⱥכ♃─ ╡ ⇔  

 

 

 

3.2.3 - ─fiꜟ◐כꜞ♃כ꜡ 9 ─ ╡ ⇔

╡ → 



 

 

3. 3.1- 1 

 

3.3 / ₒH28- R1x  

3.3.1  ₒH28- R1x  

⌂ ≢fiꜟ◐כꜞ♃כ꜡⁸│≢ ⇔√ ╩ ◐ꜗ♬☻♃⌐ ⇔≡

∆╢↓≤⌐╟╡⁸∕─╕╕≢╙●ꜝ☻ ≤ ⇔≡ ⅜ ⌐ ∆╢⅜⁸

─ ╩∆╢↓≤≢ ─↕╠⌂╢ ⅜ ╣╢ ⅜№╢⁹↓─√╘⁸ ⌂

─ ≢│⁸ ╩ ◐ꜗ♬☻♃⌐ ⇔≡ ─╕╕ ∆╢↓≤╩

≤∆╢⅜⁸○ⱪ◦ꜛfi≤⇔≡⁸ ─ ◦☻♥ⱶ─ ╩ ℮⁹ 3.3.1 - 1 ⁹

≢│⁸ ╕≢⌐ ⇔√ ◦☻♥ⱶ⌐ ⇔≡⁸ ╩ ⱪ꜠☻⇔≡ ∆

╢√╘─ ╩ ∆╢ ╩ ⌐⁸ ─ ╩ ℮⁹ 

 

3.3.1.1  

3.3.1 - 2⌐ 4 ─ ╩ ∆⁹ ⌐╟╢ ⌐│⁸ ◐ꜗ♬☻♃

⌐≢⅝╢∞↑ ↄ─ ─ ╩ ╘ ╗↓≤⅜ ≢№╡⁸↓─√╘⌐│⁸ ─

╩ ↕∑╢↓≤╟╡╙⁸ ◐ꜗ♬☻♃ ⌐ ⌂ↄ ⇔≡ ─ ╩ ↕∑╢↓

≤⅜ ╘≡ ≢№╢⁹∆⌂╦∟⁸ ⱪ꜠☻≢ ∆═⅝ │⁸∕─ ╩

↕∑╢↓≤⌐ ⅝╩ ↄ╟╡╙⁸∕─ ╩⁸ ◐ꜗ♬☻♃─ ⌐∟╞℮≥ ╢ ⅝↕─

≤∆╢↓≤⅜ ╘≡ ≤⌂╢⁹↕╠⌐⁸ ≢⌂ↄ⁸ ─ ╩ ↕

∑╢↓≤│ ─ ⌐ ⌐ ≢№╡⁸↓─ │⁸ ─ ⌐

╟╢ ─ ─ ⌐⅔™≡⁸ ─ ╩╙√╠∆≤ ≢⅝╢⁹

─√╘⌐⁸ ⁸ ◘▬◒ꜟ⌐⅔™≡ ⅎ╠╣≡⅝√ ─ ™ Ɑ꜠♇♩

( 10mmɫ ⁸ 96 )╩ ∆╢ ╩≢⅝╢∞↑ ⇔≡⁸ ◐ꜗ♬☻♃ ⌐∑

╕╢ ─ ╩ ∆╢↓≤╩ ⅎ√ ⁸∕─ │ ⌐ ⇔≡╙ ™

⅜⁸ⱪ꜠☻ ⅜ 100 ⌐ ∆╢⁹↓─√╘⁸☿ꜟ ≢─ ⌐ ╛ ─ ⌂ⱪ

꜠☻ ( 20 ♩fi )⌐╟∫≡⁸ ─ ⌐ ⌂ ⅜ ≢⅝╢⅛⅜

≤⌂╢⁹↓↓≢⁸ Ɑ꜠♇♩─ │ ™ ╛ ╩ ™╢─⌐ ⇔⁸

≤ ─ ≢№╢ │⁸ ─ ⅜ 300ϴ ≢№╡ ⌐

╕≢─ ⅜≢⅝ ⌂ ⅜ ≢⅝╢⁹⇔√⅜∫≡⁸ⱪ꜠☻ 20 ♩fi╩

≤⇔≡⁸ ─ ⌐ ∂√ / ╛⁸ ⁸ⱪ꜠☻⌐ ⌂

⅜ ∆═⅝Ɽꜝⱷ⁹╢⌂≥♃כ ⁸ ─ │ ™ ⅜ⱬ♃⁸⅜╢№≢כ

─ ◐ꜗ♬☻♃┼─ ( ⅔╟┘ ╩ ╪∞ )│ 50 ≢№╡⁸↓╣

╩ ⌐ ⅝ →╢ ≤⇔≡ 80 ╩ ⅎ╢⁹ 

Ɽꜝⱷכ♃─ ≢│⁸ ה ⌐ ⇔√ ⱪ꜠☻ ╩ ™⁸

─ ה ╩ ∆╢⅛ ⌐ ╩ ⇔⁸ ⌐ ⌂

Ɽꜝⱷכ♃╩ ∆╢⁹╕√⁸ │⁸ ◘▬☼┼─ ╩ ∆╢√╘⌐

⅔╟┘ ╖ ─ ╩ ∆╢⁹╕√⁸ ─ ◦☻♥ⱶ⅜ ∆╢↓≤╩ ∆

╢⁹ 

 

3. 3.1.2 ─ Ɽꜝⱷכ♃─  ₒH28 H30x  

≤ ─ ⌐⅔↑╢ⱪ꜠☻ [14] ≢│⁸ ─ ─ ≢─



 

 

3. 3.1- 2 

 

ⱪ꜠☻╩ ⅎ╢↓≤⌐╟∫≡ ─ ⅜ ╠╣≡⅔╡⁸ ⌐≈™≡╙∕

─ ─ ⌐ ⇔√ ≢ ╩⅛↑╢↓≤⅜ ⌂ ≤⌂╢⁹ ⌐

∆╢ ⱪ꜠☻ ≤⇔≡⁸ ⁸ ⁸ ⅜◒כ꜡♩☻ ⌂ (ⱪ꜠☻ 200kN⁸◘fi

ⱪꜟ 10 50mm⁸☻♩꜡כ◒ 80mm⁸ 400 ϴ)─ ⱪ꜠☻╩ ⇔√⁹

╩⁸ 3.3.1 - 3⌐ ∆⁹ 

─ ─ⱪ꜠☻ ╩ ╢⌐ √╡⁸╕∏⁸ ♫♩ꜞ►ⱶ⅔╟┘ ☿ꜞ►ⱶ

╩ ⌂ ≤⇔√⁹ ─ ─ ( 3.3.1 - 1)⅛╠⁸

300⁸600⁸900 ϴ─⅛ ≢ ⇔√ ⌐ ∆╢ ≤ ─⸗ꜟ ╩⁸∕╣∙

╣ 9 1⁸3 1⁸1 19≤ ⇔⁸∕╣∙╣─ ╩ ≤⇔√ ♫♩ꜞ►ⱶ⅔╟┘ ☿ꜞ

►ⱶ ╩ ⇔√⁹↓╣╩⁸ 10mmɫ─ ⌐ ⇔⁸ⱪ꜠☻ ⁸ⱪ꜠☻ ⁸

ⱪ꜠☻ ≤™∫√ ⱪ꜠☻ Ɽꜝⱷכ♃─ ╩ ∫√⁹ 

♫♩ꜞ►ⱶה ☿ꜞ►ⱶ 3 1 ─ ⌐ ⇔⁸ ≤ⱪ꜠☻ ╩ ⇔≡ⱪ

꜠☻ ╩ ↕∑√ ─ ─ ╩ 3.3.1 - 4⌐ ∆⁹ ⅜ ↄ⌂╢≤⁸ ♫

♩ꜞ►ⱶ ⅜ ╠⅛ↄ⌂╡⁸ⱪ꜠☻⌐╟∫≡ ─ ⅜ ╠╣√√╘⁸ ⅜ ⇔√≤

ⅎ╠╣╢⁹⇔√⅜∫≡⁸ ─ ⌐⅔™≡│ ─ ─ⱪ꜠☻

╩ ∆╢↓≤⅜ ≢№╢≤ ⅎ⁸↓─↓≤│ ╩ ↄ ╗ 600 ϴ ─⅛

≢ ⇔√ ⌐ ⇔≡╙ ⅎ╢⁹⌂⅔⁸↓─Ɽꜝⱷ⁸≡™⅔⌐♃כ

290 ϴ⌐≡ │ 90 ≤⌂∫√⁹ ⁸ ♫♩ꜞ►ⱶה ☿ꜞ►ⱶ 1 19─

⌐ ⇔≡⁸ⱪ꜠☻ ╩ ↕∑√ ─ ─ ╩ 3.3.1 - 5⌐ ∆⁹ ⌐

╟╡ ─ ⌂™ ⌐⅔™≡│⁸ ♫♩ꜞ►ⱶ ╩ ⅎ╢↓≤⌐╟╢ ─

│ ⇔⌂⅛∫√⁹ ⅛╠⁸ ⅜ ↄ ╕╣╢ ≢│⁸ⱪ꜠☻ ╩ ╕

≢ ↕∑╢↓≤≢ ⅜ ⌐⌂╢≤™℮↓≤⅜╦⅛∫√⁹⌂⅔⁸↓↓≢⁸⅛↕ ⁸⅛

↕ ⁸ ⌐≈™≡ ⇔≡⅔ↄ⁹⅛↕ ≤│⁸ ╛ ╩ ⌐ ╘ ╪

∞ ─ ≢№╡⁸ ─ ─ ⁸ ⁸ ⁸ ≤─ ╩ ╗

≢№∫≡⁸ ─ ◐ꜗ♬☻♃─ ─ ⌐ ∆╢⁹⅛↕ │⁸

─ ╩⅛↕ ≢ ⇔√╙─≢№╡⁸ ◐ꜗ♬☻♃ ─ ─ ⌐

√╢⁹ ⁸ │⁸⅛↕ ⌐ ∆╢ ─ ─ ≢№╡⁸ ◐ꜗ♬☻

♃ ─ ⅜⁸ ≤ ─ ≢≢⅝≡™╢≤ √ ⌐⁸ ─

╩ ∆╙─≤∆╢⁹⌂⅔⁸ │ ╩ ™√ ─ ╩ ≢⅝╢⁹≈╕╡⁸

─ ≤ ╩ ╦∑√ ╩ ⇔≡™╢↓≤⌐⌂╢⁹ 

⌐⁸ⱪ꜠☻ ╩ ═√ ╩ ∆╢⁹ ♫♩ꜞ►ⱶה ☿ꜞ►ⱶ 9 1

300 ϴ⅛ ⌐≈™≡⁸ⱪ꜠☻ 300 ϴ⁸ 1000 ⁸ ╩ 0.2 2kN

≢ⱪ꜠☻⇔√≤↓╤⁸ 3.3.1 - 6⌐ ∆╟℮⌐⁸0.5kN ─ ≢ ⅜ ⇔⁸100 

™ ╩ ⇔√⁹ ♫♩ꜞ►ⱶה ☿ꜞ►ⱶ 3 1 600 ϴ⅛ ⌐≈™

≡⁸ⱪ꜠☻ 300 ϴ⁸ 100 ⁸ ╩ 1 5kN≢ⱪ꜠☻⇔√≤↓╤⁸ 3.3.1 - 7⌐

∆╟℮⌐⁸2kN ─ ≢ ⅜ ⇔⁸95 ╩ ⅎ╢ ╩ ⇔√⁹ ♫♩ꜞ►

ⱶה ☿ꜞ►ⱶ 1 19 900 ϴ⅛ ⌐≈™≡⁸ⱪ꜠☻ ⁸

1000 ⁸ 5 8kN≢ⱪ꜠☻⇔√≤↓╤⁸ 3.3.1 - 8⌐ ∆╟℮⌐⁸8kN─ ≢

⅜ ⇔⁸60 ≢№╢⅜ ╙ ⇔√⁹☿ꜟ ⌐ ⌂ ⌂ⱪ꜠☻ ≢



 

 

3. 3.1- 3 

 

┼─ ╩ ⅎ√ ⁸ ⇔√ 10mmɫ─ ⌐⅔™≡│ kN ─ ≢

─ ─ ⅜ ╕╣╢⅜⁸ ⅜ ↄ ╕╣╢ ≢│⁸10mmɫ⌐ ⇔

2kN ─ ≢ ⅜ ≢⅝╢ ⅜ ↕╣√ ⁸ ─ ⌂™

≢│ ─ │ ≤ ⅎ╠╣╢⁹ ⌐⁸ⱪ꜠☻ │⁸

♫♩ꜞ►ⱶה ☿ꜞ►ⱶ 3 1 600 ϴ⅛ ⌐≈™≡ ⇔√⁹ 1kN⁸

ⱪ꜠☻ ╩ 300 ϴ ≤⇔≡⁸ⱪ꜠☻ ╩ 20 1000 ≤⇔√⁹ ╩ 3.3.1 - 9⌐ ∆⁹

ⱪ꜠☻ ─ ⌐ ∂≡⁸ ─ ⅜ ╠╣⁸1000 ⌐⅔™≡│ 95 ╩ ⅎ╢ ⌐

⇔√⁹↓╣⌐╟╡⁸600 ϴ ⌐ ⇔≡ 1kN≢№∫≡╙ⱪ꜠☻ ╩ ↄ ╢↓≤

⌐╟╡⁸ ╩ ↕∑╠╣╢↓≤⅜ ↕╣╢⁹ 

⌐⁸ ─ ╩ ╕ⅎ≡⁸ ⌂ ≢│⌂ↄ⁸3.2.1 ⌐ ⇔√ ╟╡

⇔√⅛ ╩ ™√ ╩ ⇔√⁹⌂⅔⁸ ─⅛ ⌐≈™≡│ 3.1 ⌐≡ ╡

╪≢ 600 ϴ⅛ ⌐≈™≡ ⇔√⁹ ⇔√ ─ ╩ 3.3.1 - 10⌐ ∆⁹╕√⁸

3.3.1 - 11 ⌐⅛↕ ⅔╟┘ ─ ╩ ∆⁹ ⌐≈™≡│ ─

─ 250 300 ϴ≤ ⇔√⅜⁸250 ϴ≢╙ ⌐ 98 ─

⅜ ↕╣≡⅔╡⁸280 ϴ ⌐ ╩ ↕∑╢≤ ⌐ │ ⇔≡™∫√⁹280 ϴ

⌐ ⇔≡ⱪ꜠☻⇔√ ⁸ ─ⱪ꜠☻ ─ ⌐ ⅜ ↕╣√↓≤⅛╠⁸

╩ ≤ √ ─ ─ ╖⌐╟╢ ⅜ ⇔√╙─≤ ╠╣⁸ ╩ ←

√╘⌐│ 270 ϴ ─ ⌐ ⅎ╢ ⅜№╢⁹250  ϴ≢─ ≤ ⇔≡ 270 ϴ≢─

─ │╦∏⅛≢№╢─≢⁸ ⌐ ⇔≡ ╩ ≈√╘⌐⁸250 ϴ≢─ ─

⅜ ™≤ ⅎ√⁹⌂⅔⁸ ─ │ 250 ϴ≢─ ⌐≡ ⇔√⁹ ⌐⁸ ─

─ ≤⇔≡↕╠⌐ ≢─ ╩⁸↓╣╕≢─ 1cmɫ─ ( 1g )⌐ ⅎ⁸3cmɫ─

( 9g )╩ ⇔⁸ √╡─ ╩ ╩☻כ◔√∑↕ ╘≡ ⇔√⁹

250 ϴ⁸ⱪ꜠☻ 100 ≤⇔√⁹ ╩ 3.3.1 - 12 ⌐ ∆⁹ 0.13 t on/cm2⁸⅔╟┘

0.039 t on/cm2≢│⁸90 ╩ ⅎ╢ ⅜ ↕╣√⅜⁸0.013 t on/cm2≢│ 80 ─

⌐ ┌⌂⅛∫√⁹0.039 t on/cm2─ ≢ ⇔√ ─ ╩ 3.3.1 - 13⌐

∆⁹⅝╣™⌂ ─ ⅜ ≢⅝≡™╢⁹⌂⅔⁸0.039 t on/cm2│⁸ 10cm

─ ⌐ ⇔ 5♩fi ≤⌂╢√╘⁸☿ꜟ ≢─ ⅜№╡ ⌂ⱪ꜠☻ ─ ╩

⌐ ╢ ≢№╢⁹ 

 

3.3.1. 3 ◦☻♥ⱶ ₒR1x  

│⁸ ◘▬☼─ ─ ⌐≈™≡ ∆╢⁹∆⌂╦∟ ◐

ꜗ♬☻♃≤ ─ ≢№╡⁸ ╩ ╢ ≢ ╩ ∆╢√╘

⌂ ∆⌂╦∟ ╖⌐ ⇔≡ ∆╢⁹↓─√╘⁸ ≤⇔≡ 5cm╕

≢─ ╩ ╡⁸ ─ ╩ ∆╢≤≤╙⌐⁸ ╖╩ ↕∑≡ ─ ╖

╩ ∆╢⁹∕╣⌐╟╡ ◦☻♥ⱶ⅜ ∆╢↓≤╩ ∆⁹ 

 

(1) ╖  

70L/h ≢ ↕╣╢ ⅛╠ ↕╣╢ │ ⌐⇔≡ 7kg/h ≢№╡⁸ ─

│ 3.5g/cm3─√╘⁸ ─ ╩ 80 ≤⇔√ ⁸⅛↕ ⌐⇔≡ 1 √╡⌐



 

 

3. 3.1- 4 

 

2.5L ─ ╩ ∆╢ ⅜№╢⁹ ─ ╩ ◐ꜗ♬☻♃

14.6cm≤ ⅎ⁸◒ꜞ▪ꜝfi☻≤⇔≡ 0.1cm╩ ∂√ 14.4cm≤⇔√ ⁸ ◐ꜗ♬☻♃⌐

1 √╡ 15.4cm─ ↕─ ⅜ ≤⌂╢⁹∆⌂╦∟⁸15 ⌐ 1 ⱪ꜠☻∆╢≤⇔√ ⁸

1≈─ │ 4cm≤⌂╢√╘⁸↓╣╩ ─ ↕─ ≤ ⅎ╢⁹

│⁸ ↕─ ≤⇔≡ 4cm⌐ ≠↑⁸ ─ ╖ ╩ ⇔√⁹ 1cm─ ╩

™⁸600 ϴ⅛ ─ ╩ 250 ϴ⁸1.0kN⁸100 ≢ⱪ꜠☻⇔≡ √ ─ ╖≤

─◓ꜝⱨ╩ 3.1.1 - 14 ⌐ ∆⁹ │ ╖⌐ ⇔≡ ⇔≡™⌂™≤™℮ ≢№∫√⁹

⇔√⅜∫≡⁸4cm ╕≢─ ╖│⁸ ∂ ╩ ╢√╘⌐ ⌂ √╡ ╩

↕∑⌂™≤ ⅎ╢⁹ 

 

(2)  

3.1 ⌐≡ ═√╟℮⌐⁸ ◐ꜗ♬☻♃─ │ 14.6cm≤ ╘√⁹ ≢│ 5 

cm╕≢ ╩ ⇔⁸ 80 ─ ╩☿ꜟ 20 ♩fi ≢ ≢⅝

╢ ╖╩ ∆⁹ 5cm─ ╩ ™≡ ⇔√ ─ ╩ 3.3.1 - 15⌐ ∆⁹

ⱪ꜠☻ │ 250 ϴ⁸ 8.3kN= 0.043ton/ cm2≤⇔√⁹ ╩ 5cm╕≢ ⇔≡╙ ─

⅜ ╠╣√⁹ 1cm⁸3cm⁸5cm─ ╩ ™⁸ ─ ≢ ⱪ꜠☻⇔≡ ╠╣

√ ─ ⌐ ∆╢ ─◓ꜝⱨ╩ 3.3.1 - 16 ⌐ ∆⁹ ─ │

⌐ ╦╠∏ ─ ╩ ⇔√⁹√∞⇔⁸ ─ ⅛╠⁸ ╩∆╢

⅜ⱥכ♃ ↄ⌐ ↕╣≡™╢↓≤⅛╠ ≤ ≢│ ⅜ ↑╠

╣∏⁸ ─ ⅜ ⅜╢√╘⁸5cm─ ╩ ™√ │ 270 ϴ≤⇔⁸

⅜ 250 ϴ ≤⌂╢╟℮⌐⇔≡ ╩ ⇔√⁹ ─ │⁸ ⌐ ↕∑√

─ ⅜ ─ ─ ⌐ ╡ ╗↓≤≢ ╩ ∆↓≤⌐№╢√╘⁸

─ ╩ ╘╢ⱪ꜠☻ │ ⌂Ɽꜝⱷ⁸≡∫⅜√⇔⁹╢⌂≥♃כ ─

│ ≤⌂╡⁸ ⱪ꜠☻ ⌐⅔™≡│ ╩ ↄ ∆╢╙─≢⌂↑╣┌⌂╠⌂™≤

ⅎ╢⁹ ─ ╩ ╕ⅎ╢≤⁸5cmɫ─ ⌐⅔™≡╙ ⌐ ≤↕╣╢ √

╡ │╒≤╪≥ ⇔≡⅔╠∏⁸14.6cmɫ─ ⌐⅔™≡╙ ≤↕╣╢

√╡ ╙ ╦╠⌂™≤ ⅎ╢⁹ 

 

(3)  

≢ ⇔√ │⁸☿ꜟ ≢─ ╩ ╢╙─≢№╡⁸∕─

╛ ≢─ ⌐≈™≡ ╩ ∆╢╙─≤⌂∫≡™╢⁹ 

⁸ ⌐≈™≡│⁸ ─ ⅜ ╩ ⅛∆ ≤⌂╢⁹ ╩ ℮

─ │ 10 µm ╩ ∫≡™╢√╘⁸∕─ⱪ꜠☻ ┼─ ⌐ ⇔≡│ⱱ

♇Ɽכ⌂≥ ─ ™ ⌐≡ ∆╢↓≤⅜ ≢№╡∕─ │ ™⁹ⱪ꜠☻ │

─ ─ ╕≢ ∆╢√╘⁸ⱪ꜠☻ │ ≢│⌂ↄ ⅜ ∆╢─≢

─ │ ⌂™≤ ⅎ╠╣╢⁹╕√⁸ ≤⌂∫√ │ ⅜ ∆╢↓≤⌐╟

╡ ─ │ ⌐ ∆╢⁹ ─↓≤⅛╠⁸ ⅜ ╩ ∫≡™╢ ─

│ ™≤ ⅎ╢⁹ ⁸ ╛ ⌐ ⅜ ⇔√ ⌐ ╛ ─ ⌐ ⅜

╢ ╩ ∆╢≤⁸ ╩ ⇔≡™╢♄▬☻⅜ ↕╣╢ ⅜ ⅎ╠╣⁸↓╣⌐



 

 

3. 3.1- 5 

 

∆╢√╘⌐│⁸ ─ ⌐⅔™≡╙ ⅜ ⇔⌂™╟℮♄▬☻─ ╖╩ ⇔

≡ ╩ ⇔≡⅔ↄ ⅜№╢⁹ ≢ ⇔√ │☿ꜟ ≢─

╩ ╢╙─≢№╡⁸ ─ ╛ ≢─ │ ⌐ ⅎ⌐ↄↄ

│ ↓╡⌐ↄ™ ⁸ ╙ ⅎ╠╣≡™╢↓≤⅛╠♄▬☻ ─ ╙ ≢№╢⁹ 

⇔√⅜∫≡⁸ ⌐⅔™≡│⁸ⱪ꜠☻ ╩ ⅎ╢↓≤≢☿ꜟ ≢─ ╩

╢ ╩ ∆↓≤⅜≢⅝√↓≤⌐╟∫≡⁸ ╩ ⇔⁸╕√ ⅔╟┘

⌐⅔↑╢ ╙ ─ ™꜠ⱬꜟ≢ ∆╢↓≤⅜≢⅝╢≤ ⅎ╢⁹ 

 

(4)╕≤╘ 

≢ ╠╣√ ╩ ⌐⁸ ⱪ꜠☻─ Ɽꜝⱷ⁸≡⇔≥♃כ ⱪ꜠☻

─ ╩ 3.3.1 - 2⌐ ⱪ꜠☻ ─ ╩ 3.3.1 - 3⌐╕≤╘√⁹ ⱪ꜠☻

─ ≤⇔≡⁸ │☿ꜟ ⁸ⱪ꜠☻ │ ◐ꜗ♬☻♃⌐ ∂√ ≤⇔√⁹

↓─╟℮⌂ ╩ ≈ ⱪ꜠☻ ─ ╩ 3.3.1 - 17 ⌐ ⇔√⁹↓─ ⱪ

꜠☻ │ ꜟכꜙ☺⸗╩ ⇔⁸ ╩ ⇔√ ≤⌂∫≡™╢⁹ ╠╣√

│ ⱪ꜠☻ ⅛╠ ╡ ↕╣√ ⁸ ◐ꜗ♬☻♃⌐ ↕╣╢⅜⁸ ─

─ ↑╛ ⁸ ∫ ⅛╡╩ ↓↕⌂™╟℮⌐ ⅛∑√ ⅝─ ◐ꜗ♬☻♃⌐ ⇔≡

∆╢↓≤≤⇔√⁹ ⱪ꜠☻ ─ │⁸ 70L/h ─ ⅛╠ ╠╣╢

7kg/h ╩ ∆╢ ⅜№╢↓≤⅛╠⁸ 14.4cmה ↕ 4cmה 85 ─ ≤∆

╢↓≤≢ 1 √╡ 2.3kg ≤⌂╢─≢⁸1 √╡ 4◘▬◒ꜟ ⱪ꜠☻∆╣┌ ↄ⁸ⱪ꜠☻

│ 100 ≤⇔√⁹⌂⅔⁸ ⅜☿ꜟ ─ ⌐ ╣≡ ╩ ↕∑╢─╩ ↕

╠⅛fiꜟ◐כꜞ♃כ꜡⁸╘√╢∑ ⌐ ↕╣╢ ⅜ 1ⱪ꜠☻ ╕∫√ ≢ⱪ꜠☻

╩ 1 ⇔≡™ↄ↓≤≤∆╢⁹ 

⁸ ─ ─○ⱪ◦ꜛfi≤⇔≡─ ─ ≢│⁸ ◐ꜗ♬

☻♃⌐ ∂√ ─ ╩⁸ ╩ ⇔≈≈⁸☿ꜟ ─

⌂ ≢ ≢⅝╢ ⇔╩ ╠⅛fiꜟ◐כꜞ♃כ꜡≡∫⅜√⇔⁹√⅝≢⅜≥↓╢ ↕╣

√ ╩ ⱪ꜠☻≢ ⌐ ∆╢◦☻♥ⱶ╙ ∆╢↓≤⅜╦⅛∫√⁹ 

 



 

 

3. 3.1- 6 
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3. 3.1- 7 

 

 

3.3.1 - 3 ⇔√ ⱪ꜠☻  

 



 

 

3. 3.1- 8 

 

 

3.3.1 - 1 ⌐ ∆╢ ה ⸗ꜟ ─  

   
⅛  ϴ 

300 600 900 

Na 56.4   

Fe 6.4  

Zr 5.5   

Mo 5.0  

Ce 4.8   

Nd 4.6    

Ru 3.4 ♦כ♃⌂⇔ 

Cs 3.3   

Pd 2.3   

Ba 1.8   

Sr 1.3   

La 1.3   

Pr 1.1   

Sm 0.8   

Y 0.7   

Rh 0.6   

Te 0.6  

Eu 0.2   

 mol  (88.0)  (73.9)  (3.4)  

 mol  12.0 26.1 96.6 

 



 

 

3. 3.1- 9 
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3.3.1 - 4 ─ⱪ꜠☻  NaNO3:CeO2=3:1 
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3.3.1 - 5 ─ⱪ꜠☻  NaNO3:CeO2=1:19 

 



 

 

3. 3.1- 10 
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3.3.1 - 6 ─  NaNO3:CeO2=9:1 
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3.3.1 - 7 ─  NaNO3:CeO2=3:1 

 



 

 

3. 3.1- 11 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 1 2 3 4 5 6 7 8 9

ƪbκмлƳƳʊ

, 

1000s

 

3.3.1 - 8 ─  NaNO3:CeO2=1:19 
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3.3.1 - 9 ─ⱪ꜠☻  NaNO3:CeO2=3:1 

 



 

 

3. 3.1- 12 

 

 

3.3.1 - 10 1cm─ ─  

 

 

3.3.1 - 11 ⅔╟┘ ─  

 



 

 

3. 3.1- 13 

 

 

3.3.1 - 12 ─  

 

 

 

3.3.1 - 13 3cm─ ─  
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3. 3.1- 14 
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3.3.1 - 15 5cm─ ─  

 



 

 

3. 3.1- 15 
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3.3.1 - 17 ⱪ꜠☻ ─  



 

 

3. 3.1- 16 

 

 

3.3.1 - 2 ⱪ꜠☻─ Ɽꜝⱷכ♃ ⱪ꜠☻ ─  

 ⅎ   

 ☿ꜟ 20ton 20ton 

 ⱪ꜠☻ 250 ϴ ╩ ⅎ╢ 270 ϴ 

ⱪ꜠☻  
◐ꜗ♬☻♃ 14.6cm⅛╠◒ꜞ▪ꜝfi☻ 0.1cm

╩  
14.4cm 

 ◒כ꜡♩☻

↕ 4cm─ ⅜ ≢⅝╢ ↕ 

ќ ─ ↕(4cm)⁸ (85 ) ⁸ ─

─ ( 40 )⅛╠  

10cm 

◐ꜗ♬☻♃┼─

 

─ ╛ ╩ ⅝ ↓⇔⌐ↄ™

 
⅝≢  

 

3.3.1 - 3 ⱪ꜠☻─ Ɽꜝⱷכ♃ ⱪ꜠☻ ─  

 ⅎ   

 14.4cm⁸ ↕ 4cm─  2.3 kg  

ⱪ꜠☻  14.4cm≢⁸ 0.05ton/cm2≢ⱪ꜠☻ 8.2ton  

ⱪ꜠☻  ≢  250 ϴ 

ⱪ꜠☻  

¶ ⌐ ⌂ ─  

¶ 70L/h ⅛╠ 7kg/h ⅜ ⁸1h √╡ 4◘▬

◒ꜟⱪ꜠☻  

100  

 



 

 

3. 3.2- 1 

 

3.3.2  ₒH28- R1x  

3.3.2.1  

≢│ ⌐ ⇔≡ ≢№╢ ╩ ∆╢↓≤⌐╟╡⁸1000

─ ╩ ⌐ ∆╢↓≤╩ ≤⇔≡™╢⁹↓─√╘⌐⁸ ⌂

≤⁸50 ⌐ ↕╣≡™╢ ╩ ╦∑≡⁸1000 ─ ─

≤™℮ ≢─ MA─ ╩ 95 ≤∆╢↓≤╩ ⅎ≡™╢⁹ ⌐⅔↑╢

≢ 2050 ─ ╩ ⇔≡ ⅜ ╘╠╣≡™╢₈SELECTⱪ꜡☿☻₉│⁸

ⱪ꜡☿☻≤ MA ⱪ꜡☿☻╩ ⇔⁸U, Np, Pu╩ ∆╢ ⱪ꜡☿☻─ ⅛

╠ 99.9 ─ MA╩ ∆╢ ⅜ ∫≡™╢[15,16] ⁹ ⌂ ≢│ 50

⇔√ │ ⌐╟∫≡ ≤⇔≡ MA ⌐ ∆╢⅜⁸∕─

╩₈SELECTⱪ꜡☿☻₉⌐⅔↑╢ ⱪ꜡☿☻─ ⌐ ∆╢ MA ⌐ →╢↓≤╩

ⅎ╢⁹↓↓≢ ⌂ ─ ≤₈SELECTⱪ꜡☿☻₉─ MA │⁸50

⌐ ↕╣╢ MA ⱪꜝfi♩╩ ∆╢ ⌐ ╩∆╣┌ ™ ⁸ ⌂

─ ₁─ ⌐ ∆╢√╘⌐│⁸ ─ MA ⱪꜝfi♩ ⅜ ⌐

∆╢↓≤╩ ∆ ⅜№╡⁸╕√⁸ ⌂ ⌐⅔™≡ ⌐ ∆╢ ─

⌐≈™≡ ─ ─ ⅛╠╙ ∆╢ ⅜№╢⁹↓╣╠─ ⅛╠⁸ ≢ ╡

╕⌂↑╣┌⌂╠⌂™ ╩⁸ ─ ⅛╠ ─ ╩ ∆╢↓≤⁸⅔╟┘

─ ≤∕╣╩ MA ⱪ꜡☿☻⌐ ∆╢ ─ ╩ ∆╢↓≤≤⇔√⁹⌂⅔⁸

1000 ─ ─ ─ ⅛╠ 95 ─ ╩ ∫≡ ∆═⅝ MA│ Am

─╖≢№╢⅜⁸Am─ 1 2 ™ 1000 ╩ ∆╢ Cm╙ ╩ ∆═⅝ ≤

ⅎ╢⁹╕√⁸Np │ ─ ⅛╠│↕╠⌐ ↕™√╘ ∆═⅝ ≤ ⅎ⌂™⅜⁸

╛ ─ ≢ Am╛ Cm≤ ⌂╢ ╩ ╢↓≤⅜ ⅎ╠╣╢√╘⁸ ╩ ⇔

≡⅔ↄ↓≤≤∆╢⁹╕√⁸ ─ ╛⁸ ⌐ ⌂ ─♃כ♦

│⁸ ─ ─ ⌐ ╦∑≡ ∆╢↓≤≤⇔ ─ ≤⇔√⁹ 

4 ─ │ ─╟℮⌐ ╘√⁹╕∏⁸MA╩ ╕⌂™ ⅛ ╩ ⇔⁸∕─⅛ ≤⁸

( ⁸ ( ⌐╟╢ ╩ ╗⁹)⁸ ⁸ )⌐╟╡⁸

⌐ ⇔√⅛ ≤ Ɽꜝⱷכ♃╩ ⇔√⁹ ⌐⁸ ≡∫╟⌐fiꜟ◐כꜞ♃כ꜡─

⇔√ ≢∕─ ╩ ⇔√⁹╕√⁸ ⌐≈™≡│⁸ ─╕╕─ ≤

ⱪ꜠☻╩ ∫√ (ⱪ꜠☻ )─ ╩ ⇔√⁹↕╠⌐⁸MA♩꜠כ◘כ

╩ ⇔√ ⅛ ╩ ⇔≡ ╩ ⇔⁸ ≡∫╟⌐fiꜟ◐כꜞ♃כ꜡─

⇔√ ≤ MA╩ ⇔√⅛ ─ ╩ ⇔√⁹ ⌐⁸MA╩ ⇔√

⅛ ─ ≢ ╠╣√ ╩ ™≡ ╩ ⇔√⁹∆⌂╦∟⁸MA╩ ⇔

√ ⌐fiꜟ◐כꜞ♃כ꜡╩ ∆╢↓≤│ ─ ⅛╠ ╦⌂™⅜⁸MA♩꜠כ◘כ

╩ ⇔√ RI ⅛ ─ ⅛─♪ꜟכ◖⁸⌐╙≥≥ ⅔╟┘ ꜟ◐כꜞ♃כ꜡≡™⅔⌐

fi╩ ™≡ ─♪ꜟכ◖√⇔ ⌐≈™≡ ∑≡ ╩ ⇔⁸↓╣╠─ ╩

∆╢↓≤≢⁸MA╩ ∆╢ ─ MA ╩ ⇔√⁹ │⁸MA ─

─ ≢№╢ MAהRE ⌐⅔↑╢ ╩ ⇔≡ ⇔⁸↓╣╕≢⌐ ╦╣≡⅝

√ MA ─ ≢ ≥♃כ♦√╣╠ ⇔≡⁸MA⌐≈™≡ ─ ⅜ ╠╣≡™╢

↓≤╩ ⇔√⁹ 



 

 

3. 3.2- 2 

 

3.3.2.2 Ɽꜝⱷכ♃─  ₒH28- H30x  

(1) ⅛ ⅔╟┘  

MA╩ ╕⌂™ ⅛ ╩ ⇔⁸∕─⅛ ≤ ( ⁸ ⁸ ⁸

)⌐╟╡⁸ ⌐ ⇔√⅛ ≤ Ɽꜝⱷכ♃╩ ⇔√⁹⅛ ╩ ∆╢

─ │⁸ ⌐⅔™≡ ꜠ⱬꜟ ⌐ ↕╣╢ ꜠ⱬꜟ ╩ ⇔⁸

3.3.2 - 1⌐ ⇔√ ≤⇔√⁹ ⅛ │⁸⅛ ╩ 300,600,900 ϴ─ 3 ≤⇔⁸

╩ ─ ⌐≡ 120 ⇔≡ ⇔√⁹ ─√╘─ ≢│⁸ ⅛

╩ ⌐≡ ⇔√ ⁸3 M ⁸3 M ╙⇔ↄ│ 13.14 M ↕∑

√⁹3 M ≢│⁸ⱦכ◌כ⌐⅛ ╩ ⇔≡ 3 M ╩ ⅎ⁸

╩ ∫√⁹ ≢ │ 12 ≤⇔√⁹3 M⅔╟┘ 13.14 M ≢│⁸♥ⱨ

꜡fi ⌐⅛ ╩ ⇔⁸3 M ╕√│ 13.14 M ╩ ⅎ≡ ⇔⁸SUS☺ꜗ◔♇♩⌐

╣≡ 180 ϴ≢ 24 ⇔√⁹ ⱨ▫ꜟ♃כ╤ ╩ ™⁸ICP- MS⅔╟┘ ICP- AES╩ ™≡

▬○fi ─ ╩ ∫√⁹ 

3.3.2 - 1⌐ ┼─ ╩ ⇔√⁹Na≤ Ba│∆═≡─ ≢ ⌐ ⇔≡™╢√

╘⁸◓ꜝⱨ⅛╠ ⇔√⁹Te ╩│∂╘≤∆╢ ─ ⅜⁸ ≤⌂╢↓≤⅜ ╠⅛≤⌂∫√⁹

╕√⁸⅛ ─ ™⌐╟╡⁸ ─ ┼─ ⅜ ⌂╡⁸ ⌐ │ ™⅛

≢│⁸ ┼─ ⅜ ⇔√⁹ ⇔√╒≤╪≥∆═≡─ ⅜ 300 ϴ

≢│ ≤⇔≡ ∆╢─⌐ ⇔≡⁸900 ϴ─⅛ ≢│╒╓ ╩ ⇔≡™╢√╘

⅜ ⇔⁸ ┼ ∆╢↓≤⅜ ↕╣√⁹ │ ⁸Te │

≢ ∆╢ ∆╢ ╩ ∆⅜⁸↓╣╠─ │ ≤⌂∫≡╙ MA─ ┼─ ↕ⅎ⌂

↑╣┌ ⌂™≤ ⅎ╠╣╢⁹⇔√⅜∫≡⁸ ─ ─ ⅛╠│⁸900 ϴ─⅛ ≢

∆╢ │ ⅜ ↄ⌂╢√╘ MA ⌐ ⅜№╢⅜⁸⅛ ⅜ ™╒≥ ⅜

⇔ ╕⇔™ ≤⌂∫√⁹↓─ ╩ ╕ⅎ⁸ ─ ╛ ⌂≥╩ 4.1 ⌐≡

⌐ ⇔√ ⁸ ─⅛ │ 600 ϴ≤ ⇔√⅜⁸600 ϴ─⅛ ─ ─

⁸ ⌐≡ ∆╢↓≤⅜ ≤ ↕╣╢⁹ ─ ⌐╟╢ │⁸ ⱪ

ꜝfi♩⌐⅔↑╢ ─ ─ ─ ╩ ∆╢≤⁸ ∆╢╒≥─ⱷꜞ♇♩⅜ ╘╠

╣⌂™√╘⁸ ─ ≢│ │ ╦⌂™↓≤≤⇔√⁹ 

 

( ≡∫╟⌐fiꜟ◐כꜞ♃כ꜡ (2 ⇔√ ─  

⌐⁸ ≢fiꜟ◐כꜞ♃כ꜡≡™⅔⌐ 600 ϴ─ ≢ ↕╣√ ╩ ⇔⁸90 ϴ

95 ϴ─ ⌐ ≢ 24 ⇔≡ ╩ ∫√⁹ │⁸3.0M, 6.0M, 

13.1M≤⇔√⁹ ≢ ═√ ╡⁸ ─ ╩ ⇔≡ ≢─ ≤⇔√⁹ ⇔

√ ≤ ─ ─ ╩ 3.3.2 - 2 ⌐ ⇔√⁹ ─ ≤ ═⁸ ⌐ Te⅔╟┘

⌐ ⇔╛∆™ ⅜ ╠╣╢⁹MA≤ Pu╩ ⇔≡™╢ Ce⅔╟┘ ⌐ ∆

╢≤⁸Ce│ 3.0M ┼─ ≢│ 70  ⅜ ┼ ∆╢⅜⁸ ≢│

⅜ ⅜╢ ⅜ ╠╣⁸13.1 M ≢│╒≤╪≥ ⇔√⁹╕√⁸3.0 M ┼─ ≢│ Pr

⅜ 40 50  ╢⅜⁸13.1 M ≢│ │╒≤╪≥ ⌐ ⇔√⁹ 

⌐⁸↓─ ╩ ⱪ꜠☻⌐≡ ( 78 )⅔╟┘ ( 94 )─

≤⇔≡ ╩ ⇔√⁹ ─ ≤⇔≡ ╩ ∆╢↓≤╙



 

 

3. 3.2- 3 

 

⇔≡™╢↓≤⅛╠⁸ ─ ─ ⌐╙ ⇔√⁹ ⌐⁸ ⌐ ∆╢ ⅜

≤⌂╢≤ ↕╣╢↓≤⅛╠⁸ ─ ─ ▬○fi ╩♃כ♦ ⇔√⁹

│⁸ ≢ ╙ ⌂ ╩ ⇔√ 13.1M⌐≡ ⇔√⁹ ╩ 3.3.2 - 3⌐

⇔√⁹ ≢№╢ Na│ ╛⅛⌐ ⇔⁸ ─ ≢№∫≡╙ 60 ≢╒╓

⌐ ⇔√⁹ ─ │⁸ ⌂∫√ ╩ ⇔⁸ ─ ─ Ba⅜ ╙ ⅜

™ ╩ ⇔√⅜⁸ 42 ⌐│╒╓ ⌐ ⅜ ⇔√⁹⇔√⅜∫≡⁸ ⌐

∆╢ │╛╛ ℮╙── ⌂ ⌐№╡⁸╕√⁸ ⅜ ─ ╙

─ ╙ ─ │ ∂≢№╡⁸ ⌐ │⌂™≤ ⅎ╢≤ ⇔√⁹ 

╟╡⁸ ⌐⅔↑╢ │₈ 13.1M⁸90 ϴ⁸ ⁸42 ₉≤

⇔≡⁸ ─ ╩ ⇔√⁹ 

 

(3) MA╩ ⇔√⅛ ─  

─ ⌐ ⇔√ ⌐ MA─♩꜠כ◘כ╩ ⇔≡⅛ ╩ ⇔⁸

╩ ⇔√⁹ │ ─ ─ ╡≤⇔√⁹∕─ ⁸ ≤

┼─ │⁸ ≤╙ ≤ ⌂ ≤⌂∫√⁹╕√ ⇔√ MA♩꜠כ◘כ─

┼─ │⁸237Np⅜ 92  ⁸241Am⅜ 97  ⁸244Cm⅜ 92 ≢№∫√⁹241Am⌐≈™≡

95  ≢⅝≡™╢√╘⁸MA─ ≤⇔≡│ ⌂ ⅜ ╠╣≡™╢⁹ 

 

3.3.2.3 ⅔╟┘ MA ₒR1x  

⌂ ⅜ ≤⇔≡™╢ ꜠ⱬꜟ │⁸ ─ ꜠ⱬꜟ ≢

↕╣╢ ꜠ⱬꜟ ≢№╡⁸₈SELECTⱪ꜡☿☻₉─ MA ─ ≢№╢

─ ≤│ ⅜ ⌂╢⁹↕╠⌐ ⌂ ⌐╟∫≡ ⁸ ╩ √

⅜MA ⌐ ↕╣╢↓≤⅛╠⁸↓─ ╩ MA ⌐ ≢№╢↓≤╩

∆╢↓≤│⁸ ⌂ ─ ╩ ∆╢⌐ √╡ ≢№╢⁹ 30 ╕

≢⌐ ╠╣√ ╩ ⅛─♪ꜟכ◖⁸⌐ ⁸⅔╟┘ MA♩꜠כ◘כ╩ ⇔√ RI⅛ ╩

⇔⁸ ⌐⅔™≡ ↕╣√ ≤ ∑≡ ╩ ⇔√⁹↕╠⌐⁸MA♩꜠כ◘

╩כ ⇔√ RI ⅛ ─ ╩ ™≡ ╩ ⇔√⁹↓╣╠⌐╟∫≡⁸

─ ⅔╟┘MA ╩ ⇔⁸ ⌂ ─ ╩ ⇔√⁹ 

 

(1)  ⅛  

╩▪ꜟⱵ♫╢≈╓⌐ ╣⁸♪ꜝ▬◄▪ ≤⇔√ ⌐≡⅛ ╩ ∫√⁹╕∏⁸

─ ╩ ↄ√╘ 150 ϴ≢ 120 ⇔⁸∕─ 600 ϴ≢ 120 ⇔√⁹ │

⌐ ↄ ╣↕∑∏⌐◐ꜗ♬☻♃⌐ ∆╢↓≤≤⇔≡™╢√╘[17] ⁸ כ◔◦♦│

כ♃ ≢ ⇔√⁹⅛ │ ⌐≡ ⇔√⁹RI⅛ │⁸237Np⁸241Am⁸244Cm─ RI כ꜠♩

╩כ◘ 1MBq ⇔√ RI ╩ ™≡⁸ ≤ ─ ≢ ⇔√⁹ 

 

(2)  

☿ⱤꜝⱩꜟⱨꜝ☻◖⌐ ─⅛ ⁸RI ⅛ ⁸⅔╟┘ ⌐⅔™≡ ↕╣√

╩ ⇔⁸13.1M─ ╩ ⅎ√⁹ⱱ♇♩☻♃כꜝ╩ ™≡ ⅜ 93±3 ϴ⁸42 ⇔√⁹



 

 

3. 3.2- 4 

 

⁸╤ ╩ ™ ≤ ╩ √⁹ ─ ─ │⁸ICP- MS

⅔╟┘ ICP- AES≢ ∫√⁹RI ⅛ ─ ─ ─ ⱩⱲכ꜡◓│

♇◒☻ ICP- AES╩ ⇔√⁹RI ─ │ɖ ⅔╟┘ɘ ─ ╩ ⇔√⁹ 

 

(3) RI  

≢ ╠╣√ RI ⅛ ─ ╩ 3 M⌐ ⇔⁸ ≤⇔≡ ™√⁹ │

ⱡꜟⱴꜟ♪♦◌fi 2-◄♅ꜟ- 1-Ⱬ◐◘ⱡכꜟ╩ 20 ≢ 0.1M⌐ ⇔√ TDdDGA╩ ™

√⁹Ᵽ▬▪ꜟ ⌐ ─ ≤ ╩ ╣≡ 3 ≤℮⇔≡ RI ╩ ∫√⁹5

⇔ ╩ ≢ ⇔≡⅛╠ ╩ ⇔√⁹↓╣╠─ ≢ ╠╣√ ≤

╩ɖ ⅔╟┘ɘ ≢ ╩ ∫√⁹ 

 

(4)  

⌐⅔↑╢ ┼─ ─ ╩ 3. 3.2 - 4⌐ ⇔√⁹↓╣╕≢⌐

⇔√ ≤ ─ ╩ ⇔⁸RI ⁸⅛ ⁸ ≤╙╒╓ ∂ ≤⌂∫√↓≤⅛╠⁸

⌐⅔↑╢ MA─ ─ │⁸RI ⅛ ≡∫╟⌐♃כ♦─ ≤ ⇔√⁹Mo

⅔╟┘ Te ─ ┼─ │ ─ ╟╡╙ ™⅜⁸ ─ ┼─

│™∏╣╙ 3 ≢№╡⁸ ┼─ │╒≤╪≥ ╠╣⌂⅛∫√⁹237Np⁸241Am⅔

╟┘ 244Cm─ ┼─ │∕╣∙╣ 0.7 ⁸0.6 ⅔╟┘ 0.5 ≢№╡⁸ ≢

™√ ⌐╟∫≡ 99 ─ MA╩ ⌐ ≢⅝╢↓≤╩ ⇔√⁹╕√⁸Np╩

⇔√ Ce⁸⅔╟┘⁸Am≤ Cm╩ ⇔√ Nd⁸Eu│⁸↓╣╠─ ⁸╡╟⌐♃כ♦─ ⌐

≢⅝≡™╢≤ ≢⅝╢⁹ │⁸Ru ─ ⌐≈™≡│ │⌂ↄ⁸ ⌐⅔↑╢

─ ╡ ™ ┘⌐ ⅔╟┘ ─ ⅜ ⌡ ≢№∫√↓≤╩ ⇔≡

™╢⁹Ru│ ─●ꜝ☻ ⌐ ⇔≡™╢↓≤⅜ ↕╣≡⅔╡⁸

⌐╙ Ru─♩ꜝ♇ⱪ⅜ ≤⌂╢↓≤⅜╦⅛∫√⁹ 

RI⅛ ─ ╩ ™√ ⌐╟╢ RI─ ╩ 3.3.2 - 5⌐ ⇔√⁹

⌂ ─ ≤⁸ ─ ╘╠╣≡™╢₈SELECTⱪ꜡☿☻₉≢ ↕╣≡™╢

─ ⌐╟∫≡⁸₈SELECTⱪ꜡☿☻₉⌐ ─ ╩ ↕⌂™↓≤⅜ ≢№╢⅜⁸

╠╣√ │₈SELECTⱪ꜡☿☻₉─ MA ─ ≢№╢ ─ ─ ─√

╘⌐ ]♃כ♦√╣↕ 15]≤ ⅝⌂ │⌂⅛∫√⁹∆⌂╦∟⁸ ╩ ╗ ⌐

⌐ ╕╣╢ Na─ ╙ ↕ↄ⁸╕√ ─ ╩ ∆╢↓≤⌐╟╢MA ─

⌐ ⇔≡╙⁸ ─ │ ↕™↓≤╩ ⇔⁸ ⌂ ≤ ─ ╘╠

╣≡™╢₈SELECTⱪ꜡☿☻₉─ ╩ ⇔√⁹241Am⅔╟┘ 244Cm─ │∕╣∙╣ 450

⅔╟┘ 830≢№╡⁸ ─ ≢ 99 ╩ ⌐ ∆╢↓≤⌐ ⇔√⁹∆⌂╦∟⁸

≢ ≤∆╢ MA─ ≢№╢ 241Am⌐≈™≡ 95 ╩ ⌐ ⌂ ⅜ ╠╣

√⁹ ⁸237Np─ │ 0.494 ≢№╡⁸ ─ ≢─ 237Np─ │ 33 ≢№∫

√⁹Np─ ┼─ ╩ →╢ ⅜№╢ ⌐│⁸ ╩ ℮↓≤⅜ ⅎ╠╣╢⁹ 

 

3.3.2.4  ─╕≤╘ 

(1)   



 

 

3. 3.2- 5 

 

꜠ⱬꜟ ─ ╩ ∆╢ │ ─ ╡⁹ 

ה ╩ ⌐ ⁹13.1M ╩ ⇔ ⅔╟┘ ⁹ 

93ה 95 ϴ⌐≡ 42 ⁸ ⁹ 

╤ה №╢™│ ⌐≡ ≤ ⌐ ⁹ 

ה ╩ 3M⌐ ⇔⁸MA ⱪ꜡☿☻⌐ ∆╢⁹ 

ה │⁸ ╩ ℮↓≤≢ ╩ ⇔⁸●ꜝ☻ ⁹ 

 

(2)  ┼─ ⌐≈™≡ 

╩ ⇔√ ─ ◘▬◒ꜟ─√╘⌐ ⅜ ╘╠╣≡™╢₈SELECTⱪ꜡

☿☻₉─ ⱨ꜡⁸≥כ ⌂ ─ ╩ 3.3.2 - 6⌐ ⇔√⁹ ⌂

─℮∟ ⅔╟┘ │⁸ ─ ꜠ⱬꜟ ⌐ ↕╣≡ ↕╣⁸

≢ ⇔√ │⁸ ⅜ ╦╣╢ MA ⱪꜝfi♩─ ≤⇔≡⁸∕─

─ ≢ ↕╣╢⁹ ≢│⁸ ╩ ↑ ╣⁸ ╩ ™ MA

ⱪ꜡☿☻⌐ ∆╢⁹ ─ │⁸MA ⱪ꜡☿☻─ ⌐ ╦∑≡ ↕╣

╢↓≤⌐⌂╢⁹ ⅔╟┘ ≤™℮ⱪ꜡☿☻╩ ╢√╘⁸ ─ ≤

│ ⌐ ⅎ╢↓≤⅜ ≢№╡⁸ ⌐ ◘▬◒ꜟ─ ╩ ℮↓≤⅜ ≤⌂╢⁹

⁸SELECTⱪ꜡☿☻≢│ Np│⸗ⱡ▪Ⱶ♪ ⌐╟╢ ⌐⅔™≡ ↕╣╢⅜⁸

⌂ ╩ ⇔√ ≢│⁸ ─ ꜠ⱬꜟ ≢ ↕╣╢ ꜠ⱬꜟ

╩ ⇔≡ ∆╢↓≤⅛╠⁸Np│ ⌐≡ ⌐ ⇔≡ MA ⌐

↕╣╢⁹Np│ ─ ⌐╟∫≡ ─ ⅜ ⌂╢√╘⁸ ─ ⅜ ≢№

╢⁹╕√⁸ ⌐⅔↑╢ ⌐≈™≡│⁸MA╩ ⌐ ⌂ ≢ ↕∑⁸

⌐ ⇔⌂↑╣┌⁸ ─ │ MA ⁹ ╛ Te⁸

Mo⁸Zr ⌂≥ ⌐ ∆╢ │⁸MA ─ ⱪ꜡☿☻⌐⅔™≡⁸ ╛◒

ꜝ♇♪─ ≤⌂╢↓≤⅜ ╠╣≡⅔╡⁸ ⌐⅔™≡ ≤⇔≡ ↕╣≡

™╢↓≤│⁸╗⇔╤ ╕⇔™≤ ⅎ╠╣╢⁹ 

 

(3)   

⌐⅔™≡ ─♪ꜟכ◖√⇔ ─ ≤⁸MA♩꜠כ◘כ╩ ⇔√⅛

─ ≤ ╩ ⇔⁸↓╣╠─ ⅛╠─ ╩♃כ♦ ∆╢ ⌐╟∫≡⁸

꜠ⱬꜟ ─ ╩ ⇔⁸MA─ 99 ─ ┼─ ╩ ⌂ ה

⌐≡ ℮↓≤⅜≢⅝╢↓≤╩ ∆╢≤≤╙⌐⁸ │⁸ ∆╢ MAⱪ꜡☿☻⌐ ⇔

≡ ⌂ↄ ≢⅝⁸ ╩ ∆╢√╘⌐ ⌂ ™ MA ╩ ≢⅝╢

↓≤╩ ⇔√⁹╕√↓╣╠─ ╟╡⁸ ꜠ⱬꜟ ─ ─ ╛ ┼

─ ⌂≥─ ╩ ∆╢↓≤⅜≢⅝√⁹ ─ ≤⇔≡⁸ ╛

─ ⅔╟┘ ─ MA ┼─ ─ ─ ⌐ ∆╢ ♦

─♃כ ╩ ℮≤≤╙⌐⁸ ─ ─ ⌐ ∂≡⁸ ⌐ ≤⌂

╢ ─ ╛ ↕╣╢ ─ ⅛╠ ⱪ꜡☿☻─ ⌂ ≤⁸MA

≤⇔≡─ ╩ ℮↓≤⅜ ≤ ⅎ╠╣╢⁹



 

 

3. 3.2- 6 

 

 

3.3.2 - 1 ꜠ⱬꜟ ─  

  [mol / L]    [mol / L]  

Na 0.583 Te 0.007 

Fe 0.067 Cs 0.035 

Sr 0.013 Ba 0.017 

Y 0.010 La 0.021 

Zr 0.055 Ce 0.053 

Mo 0.051 Nd 0.066 

Ru 0.039 Sm 0.012 

Rh 0.007 Eu 0.002 

Pd 0.023   

 

 

 

3.3.2 - 1 ⅛ ┼─ ─ (Na,Ba╩ ↄ⁸  )  

 

300  3M  
300  13.14M  
600  3M  
900  3M  
900  13.14M  

300  3M  
600  3M  
600  13.14M  
900  3M  



 

 

3. 3.2- 7 

 

 
 

3.3.2 - ╩fiꜟ◐כꜞ♃כ꜡≡™⅔⌐ 2 ™≡ ↕╣√ ─  

⅔╟┘ ┼─ ─ (  )  

 
/
 w

t 
 

3.0M  

6.0M  

13.1M  

3.0M  

6.0M  

13.1M  



 

 

3. 3.2- 8 

 

 

 

 

3.3.2 - ╩fiꜟ◐כꜞ♃כ꜡≡™⅔⌐ 3 ™≡ ↕╣√ ─ ⱪ꜠☻  

⅔╟┘ ⱪ꜠☻ ─ ─ ▬○fi  ( g/L)  

 

 



 

 

3. 3.2- 9 

 

 

 

3.3.2 - 4 ⌐⅔↑╢ ─ ┼─ ( )  

 

 

3.3.2 - 5 RI ─ 237Np⁸241Am⅔╟┘ 244Cm─  

┼
─

 

┼
─

 

┼
─

 

┼
─

 



 

 

3. 3.2- 10 

 

 
  

 

3.3.2 - 6 SELECTⱪ꜡☿☻─ ⱨ꜡כ≤ ⌂ ─  

 

⅜ ╦╣╢ MA ⱪꜝfi♩⌐⁸ ◦☻♥ⱶ⅔╟┘ SELECTⱪ꜡☿☻─ ╩  



 

 

3. 4.1- 1 

 

3.4 ₒH28- R1x  

3.4.1  ₒH28- R1x  

(1) 4 ─  

 ≢ ⌂ ╩ ∆╢√╘⌐⁸ ─

─ ╩ ™ ⌐╟╡ ╩ ⇔√⁹╕√⁸ ⇔√

╩ ⌐ ╩ ⇔√⁹ 28 │ ─ ╩ ™⁸

29 │ ╩ ⌐ ╩ ⇔√⁹ 30 │

≢ ╠╣√ ╩ ⌐ ─√╘─ ╩ ™⁸ │

⌐╟╡ ─ ╩ ⇔⁸ ⇔√ ╩ ⌐

╩ ⇔√⁹ 

 

(2) ─ ₒH28x  

 ─ ╩ ∆╢√╘─ ╩ ⇔⁸◐ꜗ♬☻♃ ⅔

╟┘ ╩Ɽꜝⱷכ♃≤⇔√ ⌐╟╡⁸ ─

65 ϴ⁸ 275 ϴ ╩ √∆ ╩ ⇔√⁹ │◖fi

─♩כꜞ◒ ╩ ⌐ ⇔⁸ │ ♫♩ꜞ►ⱶ─ ╩ ⌐ ⇔√⁹

─ ⁸ ╩ 275 ϴ ⌐ ∟≈≈ √╡─ ╩ ⅝ↄ≢⅝╢─

│◐ꜗ♬☻♃ 12.4cm⁸ 90 ─ ≢№╢↓≤⅜╦⅛∫√⁹[18]  

 

(3) ─ ₒH29x  

 ─ ╩ ╘⁸ ≤ ⇔√ ─ ⅔╟┘ ╩

⇔√⁹ ⌐│⁸ ╩Ɽꜝⱷכ♃≤⇔√ ╩ ™

─ ╩ ⇔⁸ ﬞ ●ꜝ☻ ╩♃כ♦♩☻◖─ ⌐

─ ╩ ⇔√⁹∕─ ⁸ ⌂ ⁸ ≢│ ≤

∆⁹ ≢─ │⁸ ≤ ═≡ 38 52 50 90 ⁸◐ꜗ♬

☻♃ ●☻ ∆╢↓≤⅜╦⅛╡⁸ ◖☻♩│ 17 46 50

90 ⁸ ╕≢─ 10 ⁸ Storage before Disposal  

SD 32 ∆╢↓≤⅜╦⅛∫√⁹[19]  

 

(4) ─√╘─ ₒH30x  

≢ ╠╣√ ╩ ⌐⁸ ─ ─√╘

─ ╩ ⇔√ ≤│ 3 ♪כ◖ STAR- CCM+╩ ™√

╩ ∆ ⁹ ─ 1≈≤⇔≡⁸↓╣╕≢ ⇔≡™√ ─ ╩

⇔√⁹ ⌐│⁸ ≤ STAR- CCM+╩ ™≡⁸ ─▬fiⱪ♇♩ ⌐≡

╩ ⇔⁸ ─ ╩ ⇔√⁹∕─ ⁸ │⁸

STAR- CCM+╟╡ ≢ 1 ϴ⁸ ≢ 3 ϴ ™ ╩ ⇔⁸

⌂ ╩ ∆╢≤≤╙⌐╛╛ ⌂ ≢№╢↓≤⅜ ╠⅛⌐⌂∫√⁹[20]  

 

 



 

 

3. 4.1- 2 

 

(5) ─ ⅔╟┘ ₒR1x  

ᵑ ⌐ ≠ↄ ─  

 ╩ ╘⁸↓╣╕≢─ ⅔╟┘ ╩ ⌐⁸

╩ ⇔√⁹ 

i)  

⌂ │↓╣╕≢─ ≤ ≢№╡⁸ ─●ꜝ☻ ╩ ∆╢

↓≤╩ ⌐⁸ 65 ϴ⁸ 260 ϴ ╩ ∆╢

≤⇔√⁹ │⁸ 30 ⌐ ⇔√ ╩ ╕ⅎ

≡ 260 ϴ⌐ ⇔√⁹╕√⁸ √╡─ │ 7 ≤⇔√⁹ ─ │⅛

600 ϴ─ ─ ≢№╢ 44 ≤⇔⁸ │ 3.5 g/cm3≤⇔√⁹⌂⅔⁸

│⅛ 600 ϴ⌐⅔↑╢ ╩ ⌐ ⇔√⁹ 

 

ii) ◐ꜗ♬☻♃  

 ◐ꜗ♬☻♃─ │⁸ ⌐ ∆╢Ᵽ꜡כ─ ⌐ ≠⅝⁸◐ꜗ♬☻♃⅔╟┘ ─ ≤

─ ⅜●ꜝ☻ ─ ≤ ≤⌂╢╟℮⌐ ⇔⁸ ≤⇔≡ 2mm≤⇔√⁹⇔⅛⇔⁸

⌐│ ⌐╟╢ ╛ ●☻ ⌐ ∆╢ ╛◐ꜗ♬☻♃ ─ ⌐ ∆╢

╩ ∆╢ ⅜№╢⁹∕↓≢⁸ ⇔√◐ꜗ♬☻♃ ─ ╩ ∫√⁹ 

 ◐ꜗ♬☻♃ ●☻ ⌐ ∆╢◐ꜗ♬☻♃ t │⁸ ╩ ⇔√

⌐⅔↑╢ Ᵽꜝfi☻ ⌐╟╡ ⇔√[2 1]⁹t ◐ꜗ♬☻♃ ⁸d ◐ꜗ♬☻♃ ⁸

P ⁸ɨ ⁸f : ⁸ə ≢№╢⁹ 

 
●☻ ≤⇔≡│ ─ ⅜ ⌐╟╡∆═≡ ⇔√ 15atm⌐⌂╢

≤ ↕╣≡⅔╡⁸↓╣⌐╟╢ │ 0.63mm≤ ↕╣╢⁹ ⁸◐ꜗ♬☻♃ ⌐╟

╢ │ ⌐ ∆╢√╘⁸◐ꜗ♬☻♃─ ⌐ ∆╢ ⅜●ꜝ☻ ─ ≤

≤⌂╢╟℮⌐ ╩ ∆╢ ⅜№╢⁹◐ꜗ♬☻♃─ ⌐╟╢ ╩●ꜝ☻

─ ≤ ≤∆╢⌐│ 0.35mm ─ ⅜ ≢№╢⁹╕√⁸◐ꜗ♬☻♃ ─

│⁸ ⅛╠ 50 ≢ 53 µm ≤ ↕╣≡™╢⁹ ╟╡⁸50

─ ⁸ ⅔╟┘ ╩ ⇔√ │ 0.68mm≤⌂╡⁸

2mm│ ≢№╢↓≤╩ ⇔√⁹ ─ ╩ 3.4.1 - 1⌐ ∆⁹ 

 

iii) ─  

 ─ ╩ ⌐ ⇔√ ─ ╩ 3.4.1 - 1⌐ ∆⁹ ╟╡⁸◐ꜗ♬

☻♃ │ ⅜ ≤⌂╡ 14.6cm≤⌂∫√⁹↓─ ─ │ 64.9 ϴ⁸

│ 225.5 ϴ≢№∫√⁹ ─ ╩ ⌐ ⇔√ ╩

3.4.1 - 2 ⌐ ∆≤≤╙⌐⁸∕─ ╩ ⌐ ⇔√ ╩ 3.4.1 - 2 ⌐ ∆⁹

╟╡ │●ꜝ☻ ─√╘ ╩ ≢⅝⁸⅛≈◐ꜗ♬☻♃ ה ─

⅜ ⅝™√╘⁸ ⅔╟┘ ╩ ⇔ ה ╩

√⇔≈≈ ╩ 1.95 ⌐ ≢⅝⁸ ◖☻♩─ ⌂ ⅜ ≢№╢↓≤⅜



 

 

3. 4.1- 3 

 

╦⅛∫√⁹ 

ᵒ ─  

30 ⌐ ⇔√ ♪כ◖ STAR- CCM+╩ ™≡⁸ ─

╩ ∫√⁹ ⌐│⁸●ꜝ☻ ⌐ ╩ ∆╢√╘─ ─

≤ ─ ─ 2≈╩ ≤∆╢ ╩ ⇔√⁹ ≢ ═√₈

₉≤│⁸●ꜝ☻ ⅜ ─ ↕╣ ↕╣√ ─●ꜝ☻ ─

⌐ ╩ ∆╢↓≤╩ ⇔√╙─≢№╢ ─ ﬞ ─◖☻♩ ⱬכ☻

[2 2]≢│●ꜝ☻ │ 32 ⌐ ↕╣╢↓≤⌐⌂∫≡™╢⁹ ⁹⌂⅔⁸ ה

⌐≈™≡│⁸ 30 [20] ≤ ⌐⁸ [4] ⌐ ↕╣√╙─╩ ⇔√⁹ 

 

i) ◔כ☻⅔╟┘ ⸗♦ꜟ 

☻כ◔  ╩ 3.4.1 - 3⁸ ─ ╩ 3.4.1 - 4⌐ ∆⁹ 3.4.1 - 4⌐⅔™≡⁸

─ │⁸ ⅜ ╢ ─ ╩ ⇔≡⅔╡⁸

─ │ ⌂ ≤⌂╢⁹╕√⁸ ⸗♦ꜟ ╩ 3.4.1 - 3⌐ ∆⁹

≢│ 1 ─ 1/2 ╩⸗♦ꜟ ⇔√ ⸗♦ꜟ╩ ™√⁹ 

⌐≈™≡│⁸ ─●ꜝ☻ ─ ⌐ ─◐ꜗ♬☻♃╩ ∆

╢╙─≤⇔√⁹ ─ ⸗♦ꜟ╩ 3.4.1 - 4⌐ ∆⁹ ─ ◐ꜗ♬☻♃≤⇔

≡│ 2 ╩ ⇔√⁹◐ꜗ♬☻♃ A≢│ ─ ╩Ɽꜝⱷ⁸⇔≥♃כ ─

260 ϴ⁸ 65 ϴ ╩ ⇔⁸⅛≈ ─ ⅜

≤⌂╢ ─ ╩ ⇔√⁹ ⁸◐ꜗ♬☻♃ B≢│⁸ ─ ⅔╟┘

≤ ╩ ┬ ─ ↕╩Ɽꜝⱷ⁸3⇔≥♃כ ─ ↕⌐≈™≡⁸ ─

╩ ⇔⁸⅛≈ ─ ⅜ ≤⌂╢ ─ ╩ ⇔√⁹ 

⌐≈™≡│⁸ ─ ⌐ 7 ─ ╩ ∆╢ ≤⇔⁸

─ ╩ ⌐ ≈√╘─☻Ɑכ◘╩ ⇔√⁹☻Ɑכ◘─ │◐ꜗ♬☻♃ ↕≤

≤⇔⁸◐ꜗ♬☻♃ ⌐ ═≡ ≤⌂╢◐ꜗ♬☻♃ ⌐☻Ɑכ◘╩ ⇔√⁹

⅔╟┘◐ꜗ♬☻♃ ─ │⁸↓╣╕≢─ ⌐ ≠⅝ ─ ╩ ∆╢╟℮

⌐ ↕╣√╙─≢№╢⁹ ─ ⸗♦ꜟ╩ 3.4.1 - 5⌐ ∆⁹ 

 

i i)  

─ ─ ╩ 3.4.1 - 6⁸ ─╕≤╘╩ 3.4.1 - 5 ⌐ ∆⁹ ─

⁸ 3.4.1 - 5⌐ ∆╟℮⌐ ╙≢☻כ◔─╣∏™│ ╩ ⌐ ╢√╘⁸

─ ⌐╟╡◐ꜗ♬☻♃ ╩ ⇔√⁹◐ꜗ♬☻♃ A≢│◐ꜗ♬☻♃

≤ ⌐ ╕╣√ ⌐ ╩ ∆╢ ⌐⌂∫≡⅔╡⁸ ─ ⅜ ™╒≥

⅜ ⅎ╢⁹ ─ ⁸ ─ 260 ϴ ╩ ∆╢◐ꜗ♬☻♃ ─ │

304mm≤ ↕╣⁸↓─ ─◐ꜗ♬☻♃ 1 √╡─ ─ │ 68L≤⌂∫

√⁹ 

⁸◐ꜗ♬☻♃ B≢│◐ꜗ♬☻♃ ─ ⌐ ╩ ∆╢ ⌐⌂∫≡⅔╡⁸

─ ⅜ ™╒≥ ⅜ ⅎ╢⁹ ─ ⁸ ↕ 5mm─ ╩ ™√ ─

─ │ 162mm⁸15mm─ │ 180mm⁸25mm─ │ 185mm≤⌂∫√⁹↓╣╠─ ⅛╠ ₁



 

 

3. 4.1- 4 

 

─ ─ │⁸22L ↕ 5mm⁸28L ↕ 15mm⁸29L ↕ 25mm≤⌂∫√⁹

⇔√⅜∫≡⁸ ─ ─ ≢◐ꜗ♬☻♃ A⅜ ≢№╢≤ ↕╣√⁹ 

─ ─ ╩ 3.4.1 - 7 ⌐ ∆⁹ ─ │ 221 ϴ⁸

│ 64.7 ϴ≢№╡⁸≥∟╠╙ ╩ ⇔√⁹⇔√⅜∫≡⁸ ─

╩ ∆╢↓≤⅜≢⅝⁸ ╩ ∆╢↓≤⅜≢⅝√⁹ 

 

ᵓ ─ ⅔╟┘  

 ≢ ⇔√ ⌐≡⁸ ─ ─ ⅔╟┘

╩ ∫√⁹ 

 

i)  

 ─Ɽꜝⱷ⁸≡⇔≥♃כSD│ 32 ⁸40 ⁸ ╕≢─ │ 10 ⁸0 ≤⇔⁸

Ɽꜝⱷכ♃─ ╖ ╦∑⌐╟╢ 4 ≡™≈⌐☻כ◔─ ⇔√ ☻כ◔ 1 SD32 ⁸

╕≢─ 10 ☻כ◔⁸ 2 SD32 ⁸ ╕≢─ 0 ☻כ◔⁸ 3 SD40 ⁸

╕≢─ 10 ☻כ◔⁸ 4 SD40 ⁸ ╕≢─ 0 ☻כ◔⁹ 1│

─ │⁸SD╡№≢☻כ◔ ﬞ ─●ꜝ☻ 2]♃כ♦♩☻◖ 2]╩

⌐ 32 ≤ ⇔⁸ ╕≢─ │ ─ ╕≢─ ╩ ⌐ 10

╢╟⌐fiꜟ◐כꜞ♃כ꜡ 4 ⁸ 3 ⁸ ה 3 ≤ כ◔⁹√⇔

☻ 2 ☻כ◔⁸│4 1≤─ ≤⇔≡⁸ ─ ╩ ╢ ─ ╩ ⇔ SD⅔╟

┘ ╕≢─ ╩ ↕∑√╙─≢№╡⁸SD40 │ ◔ ⅛╠ ∆╢●

ꜝ☻ ╩ ╕≢∆═≡ ∆╢↓≤╩ ⇔√╙─⁸ ╕≢─ 0

│ ﬞ ─ ⅜ ∆╢ ╩ ⇔ ⇔√╙─≢№╢⁹╕√⁸●ꜝ☻

⌐≈™≡│⁸H29 [19] ≤ ⌐ ﬞ ─●ꜝ☻ ◖☻♩

┘╟⅔♃כ♦ [2 2] 3.4.1 - 8 ╩ⱬ⁸⇔≥☻כ ⅛╠ 32

⇔√ ⌐ ╩ ⇔√ │ 1 ╩ ☻כ◔⁸⅔⌂⁹√⇔≥≥↓╢∆ 1─

─ ⌐│◐ꜗ♬☻♃ A╩ ☻כ◔⁸⇔ ☻כ◔┘╟⅔1 2⌐⅔™≡│ ─ ╩

⇔≡ ∆╢ 3 ─ ╩ ∫√⁹ 

 

i i)  

☻כ◔ 1⁸2 ─ ☻כ◔┘╟⅔ 3⁸4 ─ ╩⁸∕╣∙╣ 3.4.1 - 6 ⅔╟┘

3.4.1 - 7 ⌐ ∆⁹↓╣╠─ ≢│⁸ ⌐ ⌂ ╩ ⇔≡™╢⁹ │

ﬞ ⅛╠ ∆╢●ꜝ☻ 40000 ⌐ ∆╢ ⌐≈™≡⁸◐ꜗ♬☻♃

╩ ⌐ ─☻כ◔ ⌐ ∂≡ ╕╢ ≤⇔≡ ⇔√⁹⌂

⅔⁸ │●ꜝ☻ 1 ─ ╩ 400kg≢ 1 √╡ 9 ∆╢≤⇔⁸

─ │◐ꜗ♬☻♃ 7 ≢ 9 ☻כ◔⁹√⇔≥─╙╢∆ 1─ ⁸

10 ⌐ ∆╢ ꜠ⱬꜟ │●ꜝ☻ ↕╣╢⅜⁸ ﬞ ─

80 ╩ ∆╢≤ 8000 ≤⌂╡⁸ 1 ─ 889 ─ ⌐ ↕╣╢⁹

10 │ ◐ꜗ♬☻♃⅜ ⇔⁸ 2 ⅛╠ ↕╣╢⁹

◐ꜗ♬☻♃│●ꜝ☻ ⌐ ═ 1.95 ─ ꜠ⱬꜟ ⅜ ⌂√╘⁸ 2 ─ 889



 

 

3. 4.1- 5 

 

─ ⌐│●ꜝ☻ ≢ 15632 ─ ⅜ ↕╣╢⁹↕╠⌐⁸

◐ꜗ♬☻♃│ 32 ╕≢⌐ 3 ─ 496 ⌐ ↕╣√ ≢⁸ 1 ─

●ꜝ☻ ⅜ ⌐ ↕╣╢√╘⁸●ꜝ☻ ╡ ⇔ ─ 1 ⅜ ─ ⌐

≢⅝╢⁹⇔⅛⇔⁸ │ ⅜ ↄ⌂™√╘⁸ ꜠ⱬꜟ │●ꜝ☻

≢ 7648 8000 ─ 96 ⅜ ↕╣╢⁹ ─ ☻כ◔⁸ 1─

│ ≤ ═≡ 29 ─ ≤⌂∫√⁹ ─ ☻כ◔╡╟⌐

2─ │ ☻כ◔⁸ 49 3≢ ☻כ◔⁸ 39 4≢ 49 ≤⌂∫√⁹

☻כ◔⁸≢↓↓ 1⌐ ☻כ◔═ 2─ ⅜ ⅝ↄ⌂∫√─│⁸ ─ ⌐╟╡ 1

⅔╟┘∕─ ⌐⅔™≡ ⌂ ⅜ ☻כ◔⁸√╕⁹╢№≢╘√√∫⌂≥ 1⌐

☻כ◔═ 3─ ⅜ ⅝ↄ⌂∫√─│⁸ ─ ⌐╟╡ ─ ™ 1 ╩

⇔⌂ↄ⌂∫√√╘≢№╢⁹◔כ☻ ☻כ◔≥2 4─ ⅜ ∂⌂─│⁸™∏╣─ ≢╙ ⌂

⅜ ⌂√╘≢№╢⁹ 

 

i ii) ה  

●ꜝ☻ │ 7400 ≢ ⁸ ⁸∕─ ⅛╠ ∫≡

™╢[2 2]⁹ ─ │⁸ ≤ ⌐ ↑◖☻♩│ ⌐

∆╢≤⇔≡⁸ √╡─◖☻♩ ╩ ™≡ ⇔√⁹⌂⅔⁸ │ ╩♀꜡

≤⇔ ─╖⅜ ∆╢╙─≤⇔√⁹ 

 

iv )  

☻כ◔ 1⁸2 ─ ☻כ◔┘╟⅔ 3⁸4 ─ ╩⁸∕╣∙╣ 3.4.1 - 8 ⅔╟┘

3.4.1 - 9⌐ ∆⁹╕√⁸ ─ ◖☻♩╩ ─ ≤ ⇔√╙─╩ 3.4.1 -

9 ⌐ ∆⁹↓╣╠─ ☻כ◔╡╟ 1 ─ ◖☻♩│ 2502 ⇔⁸ ─ ◖☻

♩ 7400 ⌐ ⇔≡ ☻כ◔⁸ 34 2─ ◖☻♩│ 3388 ⇔≡ 46 ≤

☻כ◔⁸√╕⁹√∫⌂ 3─ ◖☻♩│ 3388 ⇔⁸ ─ ◖☻♩ 8675 ⌐

⇔≡ ☻כ◔⁸ 39 4─ ◖☻♩│ 4235 ⇔≡ 49 ≤⌂∫√⁹ ╟

╡⁸ ◖☻♩─ ⌐│ ─ ⅜ ≢№╢↓≤⅜ ╠⅛⌐⌂∫√⁹╕√⁸

─ ⌐≈™≡│ ⅜№╢⅜⁸ ─ ⅜ 32 ⅛╠

⇔√ │╟╡ ─◖☻♩ⱷꜞ♇♩⅜ ⌐⌂╢↓≤⅜╦⅛∫√⁹ 

 

ᵔ ╕≤╘ 

⁸ ⁸ ╩ ⌐⁸ ⸗♦ꜟ╩ ™≡

─ ⅔╟┘ ה ╩ ™⁸ ╩ ∆╢↓≤╩ ⇔⁸

≤ ╩ ⇔√⁹∕─ ⁸ ≢│ ╩ ⌐ ≢⅝⁸

╩ ⌐ ≢⅝╢↓≤⅜╦⅛∫√⁹ 

 

( 6)  4 ─ ╕≤╘ 

⌐≈™≡│⁸ ─ ⁸ 3.4.1 - 2⌐ ∆ ⌐≡

─ ╩ √⇔≈≈ ╙ ⌐ ≢⅝╢↓≤⅜╦⅛╡⁸ √╡─ ╩



 

 

3. 4.1- 6 

 

●ꜝ☻ ≤ ═≡ 1.95 ≢⅝╢↓≤⅜╦⅛∫√⁹╕√⁸ ⌐⅔↑

╢ │ ≤ ═ 29 49 ≢⅝╢↓≤⅜╦⅛╡⁸ ◖☻♩⌐≈™≡╙

34 49 ≢⅝╢↓≤⅜╦⅛∫√⁹ ─ ⅛╠⁸ ⇔√

─ ╩ ⇔√⁹╕√⁸ ⌐╟╢ ╩ ⇔⁸ ⌐ ⅝ↄ

∆╢↓≤╩ ⇔√⁹ 

 



 

 

3. 4.1- 7 

 

 

3.4.1 - 1 ◐ꜗ♬☻♃  

0.68

d

0.053

No

1 mm 146 44%

2 N/mm2 1.5
0.3%

3 N/mm2 520 SUS304

4 - 3

6 t 1 mm 0.63 t1

7 t 2 mm 0.35
t2

8 mm 50

9 mm 0.68 ( ) +
 

 

3.4.1 - 2  

 

 



 

 

3. 4.1- 8 

 

3.4.1 - 3 ◔ ☻  

A1 290 -

A2 300 -

A3 310 -

A4 320 -

B1 100

B2 120

B3 150

B4 180

B5 120

B6 150

B7 180

B8 200

B9 150

B10 180

B11 200

7 9 - -

1

1

9

9

5

15

25

 

3.4.1 - 4 ─  

1 40.3% 44.0%

2

3 1 7

4 cm 42.0 *1 14.6

5 cm 43.0 *1 15.0

6 cm 0.5 *1 0.2

7 9 9

8 cm 133.3 133.3

9 cm 122.7 122.7

11 cm 108.3 108.3

12 cm 0.5 0.2

13 cm 44.0 15.4

14 cm 46.0 16.0

15 cm 1.0 0.3

16 cm - 19.34

17 cm 58.0 58.0

No



 

 

3. 4.1- 9 

 

3.4.1 - 5 ─  

*1 *2 *3

(mm) (mm) (mm) kg/s

290 296.9 75.1 295.2 0.435 53.9

300 307.1 69.8 267.2 0.426 52.3

310 317.4 64.4 245.4 0.415 51.0

320 327.6 58.7 223.8 0.402 49.8

5 100 102.4 8.5 133.0 0.410 34.9

5 120 122.9 12.2 171.0 0.220 36.4

5 150 153.6 19.1 230.0 0.273 38.9

5 180 184.3 27.6 302.0 0.309 41.6

15 120 122.9 12.2 146.5 0.220 36.4

15 150 153.6 19.1 200.0 0.260 38.9

15 180 184.3 27.6 260.0 0.300 41.6

15 200 204.8 34.0 303.0 0.320 43.5

25 150 153.6 19.1 192.0 0.272 38.9

25 180 184.3 27.6 250.0 0.300 41.6

25 200 204.8 34.0 291.0 0.320 43.5

260.0 65.0

260.0 65.0

 

3.4.1 - 6 ─ 1⁸2☻כ◔  

8000 889 8000 889 15632 889

8000 889 15632 889 15632 889

8000 889 8720 496 736 42

8000 889 7648 889 8000 455

8000 889

40000 4445 40000 3163 40000 2275

-29% -49%
 



 

 

3. 4.1- 10 

 

3.4.1 - 7 ─ ☻כ◔ 3⁸4  

8000 889 8000 889 15632 889

8000 889 15632 889 15632 889

8000 889 15632 889 8736 497

8000 889 736 42

8000 889

40000 4445 40000 2709 40000 2275

-39% -49%
 

 

3.4.1 - 8 ◖☻♩─ 1⁸2☻כ◔  

1275 460 1275 460 1275 460

1275 460 1275 460 1275 460

1275 460 711 257 60 22

1275 460 0 460 0 460

0 460

5100 2300 3261 1637 2610 1402

7400 4898 4012

-2502 -3388

 



 

 

3. 4.1- 11 

 

3.4.1 - 9 ◖☻♩─ ☻כ◔ 3⁸4  

1275 460 1275 460 1275 460

1275 460 1275 460 1275 460

1275 460 1275 460 713 257

1275 460 60 22

1275 460

6375 2300 3885 1402 3263 1177

8675 5287 4440

-3388 -4235
 

 

0

50

100

150

200

250

300

350

13 13.5 14 14.5 15

ϴ

cm)

260ϴ

65ϴ

44

14.6cm

 

3.4.1 - 1 ◐ꜗ♬☻♃ ≤ ─  



 

 

3. 4.1- 12 

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

/

/

 

3.4.1 - 2 ─ ≤  

38

2

22.8 0.60.6

6.9

6.9

45

10.510.5

25

 
3.4.1 - 3 ⸗♦ꜟ─  



 

 

3. 4.1- 13 

 

 

 

ⱷ♇◦ꜙ A─  

ה 700  

ה 2500  

ⱷ♇◦ꜙ B─  
 

 
3.4.1 - 4 ─ ⸗♦ꜟ



 

 

3. 4.1- 14 

 

 

 

3.4.1 - 5 ─ ⸗♦ꜟ 

 

 

 

3.4.1 - ☻כ◔ 6 A4⁸B3─  

 



 

 

3. 4.1- 15 

 

 

 

 

 

3.4.1 - 7  

 

 

 

 

3.4.1 - 8 ●ꜝ☻ ┘╟⅔♃כ♦♩☻◖  

 



 

 

3. 4.1- 16 

 

 

3.4.1 - 9 ◖☻♩  

 

 



 

 

3. 4.2- 1 

 

3.4.2  ─ ₒH28- R1x  

3.4.2.1 ≤  

─ ⌐⅔™≡⁸ ─ ╩ ⅎ√ ⁸ │ FP/MA─ ≈

ה ⌐╟∫≡ ─╖⌂╠∏ ╩ ↑⁸↓╣⌐╟╢ ⅜ ⌂ ≤

⌂╢⁹ ─ │⁸ ⌂ >300 2000 ≢│ɖ ⅜ ≤⌂╢⅜⁸

⌐╟╢ │ 50 ╩ ⇔≡⅔╡⁸∕─ ⌐⅔™≡│⁸137Cs╛ 90Sr⅛╠─

ɗ ⅔╟┘ɘ ⁸∆⌂╦∟ LET Linear Energy Transfer:  LET ⌐╟╢ ⅜

≤ ⅎ╠╣╢⁹ ⌐ ╕╣╢ NaNO3⁸ ─ H2O ⅛╠ ⅎ≡⁸ ╛ NOx NO⅔╟

┘ NO2 ≤™∫√●☻─ ⅜ ↕╣╢⁹∕↓≢⁸ ─ ╩ ⇔

√ ⅔╟┘ ─ ╩ ⇔√⁹ɘ ≤⇔≡⁸

ⱦכⱶ ─◖Ᵽꜟ♩ Rabbit11⁸2016 10 1 ≢

167.7TBq ╩ ™√⁹◖Ᵽꜟ♩ ⌐ ⇔≡ ⌐ ╩ ⇔ ╩ ∫√⁹

(Gy)─ │⁸ⱨꜞ♇◔ 1mM- FeSO4 / 0.4mM- H2SO4 ╛ CTA ☿ꜟ

☻כ꜡ ╩ ™≡ ∫√⁹ │⁸ ⅛╠ 10cm─ ≢ 2. 3kGy/h 2017 3

≢№∫√↓≤⅛╠⁸ ה ─ ⌐╟∫≡ kGy ◘Ⱪ MGy ─ ─ ⅜ ⌐

╠╣╢↓≤╩ ⇔√⁹ ─ ≤⇔≡│⁸ PDD Pulsed Discharge 

Detector ╩ ∆╢●☻◒꜡ⱴ♩◓ꜝⱨ GL Science, GC4000 DSF- D2 ⅔╟

┘ ⌐ ≠ↄ ●☻ NOx Horiba, APNA- 370 ╩ ⇔√⁹

╩ ∫√ ⁸™∏╣╙ ppb○כ♄כ─ ≢ ⅔╟┘ NOx╩ ≢№╢↓≤╩

⇔√⁹NOx ⌐≈™≡│⁸ ⌐ ∆╢ NOx 0.005 0.03ppm─ ≢ ₁ ⅜

╩ ⅝ↄ ↕∑╢↓≤⅜╦⅛╡⁸↓─ ╩ ╩☻◒♇ⱩⱲכ꜡◓⁸╘√╢∆ ⇔

≡ ●☻ ▪ꜟ◗fi ⌐ ⇔⁸∕─ ≢ ╩ ⅎ╢╟℮ ⇔√⁹ 

 

3.4.2.2 ⅛ ┼─ɘ ⌐╟╢●☻ ─  

⇔√ ╩ ™≡⁸ ┼─ɘ ╩ ™⁸ ↕╣╢

╛ NOx ─ ╩ ⇔√⁹ ⅛ ⌂⇔ ╩ ™≡ 40 430kGy─

⌐⅔™≡ ⅔╟┘ NOx ─ ╩ ⇔√ ╩ 3.4.2 - 1⅔╟┘ 3.4.2 - 2

⌐ ∆⁹┌╠≈⅝│№╢╙──™∏╣─●☻⌐≈™≡╙⅔╟∕ ⌐ ⇔≡ │ ⇔√⁹

ↄ≈╠┌⅜♃כ♦ ≤⇔≡│⁸ ─ ╩ ⇔≡⅔╠∏⁸ ה ⌂≥─ ╙

≢│⌂™↓≤⅜ ≤⇔≡ ⅎ╠╣√⁹ 

⅛ ⅛ 600 ϴ⁸900 ϴ ⌐≈™≡ɘ ⅔╟┘ NOx ╩ ∫√ ⁸

™∏╣─ ╙ NOx│ ↕╣⌂⅛∫√⁹ ⌐╟∫≡ ╩ ↕ↄ∆╢↓≤≢●☻─ ⅜

⇔ↄ ↕╣╢↓≤⅜╦⅛∫√⁹ ⅛ ⅛ 300 ϴ⁸600 ϴ⁸900 ϴ ⌐≈™

≡╙ ─ɘ NOxה ╩ ∫√ ⁸ ⅛ ╟╡╙ NOx ⅜ ╠╣√↓≤⅛╠⁸

─ ⅜ NOx ⌐ ∆╢↓≤⅜╦⅛∫√⁹√∞⇔⁸⅛ ⌂⇔─ ╟╡│

⅜ ⇔ↄ ↕╣√⁹⅛ ⌐╟∫≡ ⅜ ↕╣╢↓≤╛ ─ ⅜ ╩ ⅎ╢

⅜ ⅎ╠╣√⁹ 

 



 

 

3. 4.2- 2 

 

3.4.2.3 ⅛ ┼─ɘ ⌐╟╢●☻ ─  

╩ ™≡ɘ ╩ ™⁸ ⅔╟┘ NOx ─

╩ ⇔√⁹ ⌐≈™≡─ ╩ 3.4.2 - 1⌐⁸NOx⌐≈™≡─ ╩ 3.4.2 - 2⌐╕≤╘╢⁹

⅛ ⅛ 300⁸600⁸900 ϴ⁸ 0 ⁸1 ⁸3 ╩ ™≡ɘ

☻●ה ╩ ∫√ ⁸ ⅔╟┘ NOx≤╙⌐⁸ ⅜ ™╒≥ ⅜ ∆╢ ⅜

╠╣√⁹ ⌐≈™≡│⁸ ╩ ∆╢↓≤≢ ⌐ ↕╣√⅜⁸ ╩ ╕∑

╢≤⅛ ⌐ ╦╠∏ ⅜ ↕╣√⁹NOx⌐≈™≡╙⁸ ╩ ∆╢↓≤≢

│ ↕╣√⅜⁸NOx │⅛ ⌐ ╙ ⇔⁸⅛ ⅜ 900 ϴ≢│ ⅜ ™

3 ≢╙ │ ↕╣√⁹◦☻♥ⱶ ╩ ⅎ╢ ≢│⁸ ⌐≈™≡│ ⌂ ╡

╩ ∆╢↓≤⅜ ≤⌂╢⁹NOx⌐≈™≡╙ ─ ⌐╟∫≡ ⅜ ↕╣╢⅜⁸⅛

⅜ ™ 300 ϴ │ ⌂ ⅜№╢╙──⁸600 ϴ ≢№╣┌ ─ ⌐╟╠∏

●☻ ╩ ™꜠ⱬꜟ⌐ ⅎ╠╣╢≤™℮ ⇔⅜ ╠╣√⁹ 

≤ ─ ∆╢ ⌐⅔™≡ NOx ⌐ ╢Ɽ☻⅜№╢↓≤⅜ ↕╣⁸ ─

╟℮⌂ ⅜ ⅎ╠╣√⁹ ≢│⁸ ─ 1 ≈≢№╢ e aq ⅜

▬○fi≤─ ⅜ ⌐ ↄ⁸↕╠⌐ ≤ ⌐ ⇔≡ NO2╩ ∆╢↓≤⅜

╠╣≡™╢⁹ ─ ⌐╟∫≡╦∏⅛⌐ ⇔√ ⌐⅔™≡╙ ⌐ ─ ⅜ ╗

╙─≤ ⅎ╠╣╢⁹ 

e aq + NO3  ќ NO32      k = 9.7 ×109 (M- 1s- 1)  

 NO32  + H2O ќ NO2 + 2OH     k = 7.2 ×104 (M- 1s- 1)  

√∞⇔ NO2│ ⌐⅔™≡│ ─ ╙ ↓∆√╘⁸ │ ▪♬○fi⅔╟┘

▬○fi⌐ ╢≤ ⅎ╠╣╢⁹ 

NO2 + NO2 + H2O ќ NO2  + NO3  + 2H+  k = 1.0 ×108 (M- 1s- 1)  

 

3.4.2.4 ⅛ ─ ─╕≤╘ₒR1x  

 ┼─ɘ ╩ ∫≡⁸ ╛ ⌂≥⁸ ⌂ ─ ⌐

╟╢●☻ ┼─ ╩ ═╢≤≤╙⌐⁸↓╣╕≢ ╠╣√ ╩ ⌐⁸ ⌐╦√╢

ה ─ ⅔╟┘ ─╕≤╘╩ ™⁸ ─ ⌐ ⇔

√⁹ 

 Ᵽ▬▪ꜟ ⌐ ╣√ 10 g ╩▪ꜟ◗fi ⇔√ ⁸ ♩ꜟⱣ◖ה

Rabbit11⁸167.7TBq ⌐⅔™≡ 400 Έ 500kGy ─ɘ ╩ ∫√⁹ ⁸ ─

╩●☻◒꜡ⱴ♩◓ꜝⱨ ⁸⅔╟┘ ⌐ ≠ↄ ●☻ NOx

≢ ⇔√⁹ ⅔╟┘ ⌐ ∆╢ ╩ 3.4.2 - 3⌐⁸NOx⌐ ∆╢

╩ 3.4.2 - 4⌐╕≤╘╢⁹ 

╕∏⁸ 30 ⌐ ═√ ─ │ 0ќ1 ≤ ↕∑√⅜⁸ ─ ⌐≈™

≡ ⌐ ⇔√ ⁸600 ϴ≢⅛ ⇔√ ⌐≈™≡⁸ 3.2.2 - 4⌐ ∆╟℮⌐

│ 0.3  ⁸ │ 0.1 ≤ ⇔√⁹∕─√╘⁸↕╠⌐ ™ ⌐ ⇔√⅛ ╩

™≡⁸╟╡ ⌂ ─ ╩ ℮↓≤≤⇔√⁹●☻ │↓╣╕≢╟╡↕╠⌐ ⌂

™↓≤⅜ ↕╣╢√╘⁸ ─ 5ќ10 g ╛⁸●☻◒꜡ⱴ♩◓ꜝⱨ≢│

100ќ500 µl ╩ ℮ ─ ╩ ∆↓≤≢⁸ ╩ ↕∑√⁹ ⅜ 1 ↕™



 

 

3. 4.2- 3 

 

⅛ ⅛ 600 ϴ⁸ 0.1 ⁸0.2 ⌐≈™≡⁸ ⅔╟┘ NOx ╩ ═

√⁹ 3.4.2 - 1 - 2 ⁹ ⌐≈™≡│⁸ ⌐ ™꜠ⱬꜟ≢ ↕╣√

0.1  ≢│ 4.9×10- 8mol⁸ 0. 2 ≢│ ⁹ ⁹50 ─ 10g √╡

⌐≈™≡ ⌐╟╡ ╙╢≤⁸ 0.1  ≢│ 9.9×10- 4mol ≤⌂╢⁹↓╣│ ⇔≡

™╢ ─ 2.8×10- 4mol ╟╡╙ ↄ⁸  0.1 ≢│ ⅜∆═≡ ⌐ ↕╣

╢≤ ⅎ╢ ⅜№╢⁹ ⁸ ⅜ 1 ╛ 3 ─ ⅛ ⅛ 600 ϴ ≢│⁸

⅜ ™√╘ ─ G │ ⅝™╙──⁸50 ╙ ─ ⅜

∆╢≤ ╙╠╣╢⁹∆⌂╦∟⁸ ─ │ ─ ⌐ ∫≡ ⌐ ↕ↄ

⌂╢╙──⁸ ⌐ ⇔≡ ↕ↄ⌂╢╦↑≢│⌂ↄ⁸ ─ ≢№╢ 0.3  

─ ≢│⁸50 ─ ⌐ 0.3  ─ ∆═≡⅜ ⌐ ↕╣╢≤ ⅎ≡

⅔ↄ─⅜ ≢№╢≤ ↕╣╢⁹ 

∂ ⅛ 600 ϴ⁸ 0.1 ⅔╟┘ 0.2 ╩ ™≡⁸NOx⌐≈™≡╙

╩ ∫√⁹™∏╣╙ ↕╣ 3.9×10- 11⅔╟┘ 9.8×10- 11 mol ⁸ ⌂ ⌐╟∫≡ NOx

⅜ ∆╢ ╙ ╠╣√⁹ 

⌐ ⅛ 600 ϴ⁸ ⌐≈™≡ ☻●ה ╩ ∫√⁹ ⅔╟┘ NOx─

│⅛⌂╡ ≢№∫√ 1.5×10- 9 mol⁸NOx 1.2×10- 11 mol ⁹ ╟╡╙ ⅜

↕ↄ⌂╢√╘ ⅜ ∆╢↓≤⅜ ↕╣√⅜⁸ ה ™∏╣╙ ⅜

꜠ⱬꜟ≢№∫√√╘⁸ ─ ⌐ ℮●☻ ─ │ ≤│⌂╠⌂⅛∫√⁹√∞⁸

™∏╣─ ≢╙●☻ │ ↕╣≡⅔╡⁸ ─ ╩ ⇔ↄ∆╢╙─≢│⌂™

↓≤⅜╦⅛∫√⁹ 

3.1 ⌐⅔™≡ ≢ ⇔√⅛ 600 ϴ─ ╟╡╙⁸⅛ ⅜ ↄ⌂∫√

⌐≈™≡│⁸ ⅜ ∆ ( ≢⌂™ )⌐ ∆╢ ⅜№╢⁹↓─√╘⁸⅛

╩ 500 ϴ≤⇔√⅛ ⌐≈™≡─ ☻●ה ╩ ∫√⁹ ⅔╟┘ NOx─ │

⅛⌂╡ ≢№∫√ ⁸NOx 2.9×10- 11 mol ⁹↓╣╕≢─⅛ 300⁸

600⁸900 ϴ ─ ⅛╠⁸300 ϴ≤ 600 ϴ≢│ ⌂ ⅜№∫√⅜⁸500 ϴ≤ 600 ϴ≤─ │

№╕╡ ╠╣⌂™↓≤⅛╠⁸⅛ ⅜ 600 ϴ╟╡╙╛╛ ⇔√ ≢╙⁸600 ϴ≢─

╠⅛♃כ♦ ╩ ╙╢↓≤≢ ⅜ ╣≡™╢≤│ ⅎ⌂™≤ ⅎ╠╣╢⁹ 

─ ⅛╠⁸50 ─◐ꜗ♬☻♃ ╩ ⌐╟╡ ╙∫√⁹ ◐ꜗ♬☻♃◘

▬☼ ─ ╩ ™ 14.6cm⁸ ↕ 108cm⁸ⱪ꜠♫ⱶ ↕ 14.4cm⁸ 44.2 ⁸

⅔╟┘ NOx─ ╩ ╙∫√ ╩⁸ 3.4.2 - 1 3.4.2 - 4─ ⌐ ∑≡ ∆⁹

─ ⌂™ ≢│⁸ ⌐ ╕╣╢ ─ ⅜ ⌐ ↕╣╢≤ ⅎ╢≤⁸

0.1 ≢ │ 4.7atm ≢№╢≤ ↕╣╢⁹ │ ─ ⌐╙ ≢№╡⁸

⌐ ↕∑√ ╩ ⌐ ╣↕∑⌂™╟℮⌐ ◐ꜗ♬☻♃⌐ ∆╢↓

≤⅜ ≤⌂╢⁹3. 2.2.2 4 ⌐ ⇔√╟℮⌐⁸ ⌐ ⇔≡ ◐ꜗ♬☻♃⌐

∆╢ ⁸ ⌐ ╣╢ ╩ ⌐ ⅎ╢≤ ─ │ 0.3wt  ≤⌂╢⁹↓─

⅛╠ 50 ─ ╩ ╙╢≤ 15atm ≤⌂╢⅜⁸↓╣│◐ꜗ♬☻♃─

⅛╠ ╢≤ ⌐ ™ ≢№╢⁹∆⌂╦∟⁸ ⌐ ⇔≡ ◐ꜗ♬☻♃

⌐ ∆╢↓≤≢⁸ ─ │ ⌐ ⌂™↓≤⅜╦⅛∫√⁹╕√⁸ ─

─√╘ ◐ꜗ♬☻♃ ─ ╩ ∆╢↓≤╙ ≢№╡⁸◐ꜗ♬☻♃ ⌐│



 

 

3. 4.2- 4 

 

●☻╩ⱨ꜡כ⇔≡⅔ↄ ─ ⅜ ⌐⌂╢ ⅜№╢⁹ ⁸NOx⌐≈™≡│⁸⅔╟∕

⅜ ↕ↄ⁸⅛ ⅜ 600 oC≢№╣┌ ─ ╩ ╪≢™≡╙ NOx │ 0.1 atm

⌐ ↕╣╢≤ ╙╠╣√⁹ ╩ ╗≤ NOx │ ↕╣╢╙──⁸ ⌐ ∆╢

◐ꜗ♬☻♃ ─ ⅛╠ ↕™≤ ╙╠╣╢⁹ 

⅛╠⁸NOx⌐≈™≡│⅛ ⅜ 500 oC ≢№╣┌ ─ ╩ ╪≢╙ │

↕╣√⅜⁸ │ ─ ⌐╙ ≢№╡⁸ ─ ⅜ ≤⌂╢↓≤

⅜ ↕╣√⁹╕√⁸◐ꜗ♬☻♃ ─ │ ╩NOxה ╦∑≡ 0.1 √╡ 5 atm

≤ ╙╠╣╢↓≤⅛╠⁸ 3.2.2 - 4⌐ ∆ ─ 0.3 ╩ √∑┌⁸ 3.4.1 - 5

⌐ ∆ ◐ꜗ♬☻♃ ╩ √∆↓≤⅜ ≢⅝√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3. 4.2- 5 
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3.4.2 - 1 ⅛ ⌂⇔ ┼─ɘ ⌐╟╢ H2 ─  
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3.4.2 - 2 ⅛ ⌂⇔ ┼─ɘ ⌐╟╢ NOx ─  

 

 



 

 

3. 4.2- 6 

 

 

3.4.2 - 1 ⅛╠─ (mol)─ 540kGy  

Sample H2 (mol)  

50 ─  

(atm)   Moisture  
ɦ 

(g/ml)  

Weight 

used 

(g)  

Measured 

(540 kGy) 

Extrapolated 

to 11 GGy 

ᵑ Powder 

Calcine300 
0.0  3.3 3.3 

<3E- 9 

(n.d.)  

<7E- 5 

(n.d.)  
<1.9 

ᵒ Powder 

Calcine600 
0.0  3.6 3.3 

<3E- 9 

(n.d.)  

<7E- 5 

(n.d.)  
<1.9 

ᵓ Powder 

Calcine300 

1.0  

(2.8mmol) 
3.3 5.0 4.9E- 8 1.0E- 3 17 

ᵔ Powder 

Calcine600 

1.0  

(2.8mmol) 
3.6 5.0 6.8E- 8 1.4E- 3 23 

ᵕ Powder 

Calcine900 

1.0  

(2.8mmol) 
3.9 5.0 1.1E- 7 2.3E- 3 38 

ᵖ Powder 

Calcine300 

3.0  

(8.3mmol) 
3.3 5.0 3.1E- 6 6.3E- 2 138 

ᵗ Powder 

Calcine600 

3.0  

(8.3mmol) 
3.6 5.0 1.4E- 7 2.8E- 3 46 

ᵘ Powder 

Calcine900 

3.0  

(8.3mmol) 
3.9 5.0 3.2E- 6 6.6E- 2 138 

 



 

 

3. 4.2- 7 

 

 

3.4.2 - 2 ⅛╠─ NOx (mol)─ 445 kGy  

Sample NOx (mol) 
50 ─  

(atm)  

 Moisture  
ɦ 

(g/ml)  

Weight 

used (g)  

NO 

(550 kGy) 

NO2  

(550 kGy) 

NOx 

(total)  

(550 kGy) 

NOx  

(total)  

(11 GGy) 

 

ᵑ Powder 

Calcine300 
0  3.3 3.3 2.3E- 11 2.6E- 10 2.8E- 10 6.9E- 6 0.17 

ᵒ Powder 

Calcine600 
0  3.6 3.3 - 3.2E- 11 1.6E- 11 - 1.6E- 11 

<4E- 7 

(n.d.)  
<0.01 

ᵓ Powder 

Calcine300 
1.0  3.3 5.0 4. 7E- 9 1.8E- 8 2.3E- 8 4.6E- 4 7.8  

ᵔ Powder 

Calcine600 
1.0  3.6 5.0 7.1E- 11 1.4E- 10 2.1E- 10 4.2E- 6 0.07 

ᵕ Powder 

Calcine900 
1.0  3.9 5.0 

4.8E- 12 

(n.d.)  

5.9E- 12 

(n.d.)  

<2E- 11 

(n.d.)  

<5E- 7 

(n.d.)  
<0.01 

ᵖ Powder 

Calcine300 
3.0  3.3 5.0 3.7E- 9 1.6E- 8 1.9E- 8 3.8E- 4 6.4  

ᵗ Powder 

Calcine600 
3.0  3.6 5.0 

1.4E- 11 

(n.d.)  

4.2E- 12 

(n.d.)  

<2E- 11 

(n.d.)  

<5E- 7 

(n.d.)  
<0.01 

ᵘ Powder 

Calcine900 
3.0  3.9 5.0 

- 4.2E- 12 

(n.d.)  

2.4E- 12 

(n.d.)  

<2E- 11 

(n.d.)  

<5E- 7 

(n.d.)  
<0.01 

 



 

 

3. 4.2- 8 

 

 

 

3.4.2 - 3 ⅔╟┘ ─  

 H2 ─  

 

⅛  

 

( )  

(mol)  

Weight 

used (g)  

H2  

(540 kGy) 

H2  

11 GGy  

G- values 

( molec./100eV) 

50 ─  

(atm)  

ᵑ  

600 oC 

0.1  

(2.8E- 4) 
10.0 

4.9E- 8 

(n.d.)  

9.9E- 4 

(>all H 2O) 
8.7E- 5 

4.6 

(all H 2O) 

ᵒ  

600 oC 

0.2  

(5.6E- 4) 
10.0 

0.0 

(n.d.)  

0.0 

(>all H 2O) 

0. 0 

(n.d.)  

9.2 

(all H 2O) 

ᵓ  

600 oC 
0.0  10.0 1.5E- 9 3.0E- 5 2.7E- 6 (0.25)  

ᵔ  

500 oC 
0.0  10.0 

0.0 

(n.d.)  

0.0 

( n.d.)  

0.0 

( n.d.)  
(0.0)  

 

3.4.2 - 4 NOx ─  

 

NOx ( mol) 

( 540 kGy) 
NOx  

11 GGy  

G- values 

(molec./100eV)  

50 ─  

(atm)  
NO NO2 NOx 

ᵑ 5.4E- 11 - 1.4E- 11 3.9E- 11 7.9E- 7 6.9E- 8 0.007 

ᵒ 1.2E- 10 - 2.3E- 11 9.8E- 11 2.0E- 6 1.8E- 7 0.016 

ᵓ 
8.9E- 12 

(n.d.)  

3.0E- 12 

(n.d.)  

1.2E- 11 

(n.d.)  

2.4E- 7 

(n.d.)  
2.1E- 8 0.002 

ᵔ 
1.5E- 11 

(n.d.)  

1.4E- 11 

(n.d.)  

2.9E- 11 

(n.d.)  

5.9E- 7 

(n.d.)  
5.2E- 8 0.005 

 

 

 



 

 

3. 4.3- 1 

 

3.4.3 ◐ꜗ♬☻♃─ ₒH28- R1x  

╩ ⅛≈ ⌐╦√╡ ∆╢ ≢⁸◐ꜗ♬☻♃ ─ ╩ ╛

─ ─ ⅛╠ ∆╢↓≤│ ≢№╢⁹●ꜝ☻ ─ ⌐∆≢⌐ ↕

╣≡™╢◐ꜗ♬☻♃ ╩ ™╢↓≤╩ ⅎ╢≤⁸ ╩ ⇔≡™╢ ⅜ ⌐╦√

∫≡◐ꜗ♬☻♃ ⌐ ∆╢ ─ ╛∕╣⌐ ℮ ─ ⌐≈™≡─ ─ ⅜

≤⌂╢⁹ ≢│⁸ ╩ ™√◐ꜗ♬☻♃ ─ ╩ ∫≡⁸50 ⌐

╦√╢◐ꜗ♬☻♃─ ╩ ∆╢↓≤╩ ≤⇔√⁹ ≢ ⇔≡™╢ ◦☻♥ⱶ≢

│⁸ ─●ꜝ☻ ─ ⌐ ↕╣≡™╢◐ꜗ♬☻♃≤ ∂ ╩ ™╢↓≤╩ ≤⇔⁸

◐ꜗ♬☻♃ ≤⇔≡ SUS304L☻♥fi꜠☻ ╩ ⇔√⁹ ⁸ │⁸

≢ ∆╢ ꜠ⱬꜟ ≢fiꜟ◐כꜞ♃כ꜡╩ ה ⇔≡ ╢ ⅛╠⁸ ╩

™≡ ╠╣╢ ╕√│ ≤─ ─ ≤⇔√⁹ 

28- 30 ─ ≢│⁸ ─ ≢ ─ ╙ ™ NaNO3╩ ≤⇔⁸

300 ϴ⅛╠ 600 ϴ─ ≢⁸SUS304L≤─ ╩ ∆╢≤≤╙⌐⁸ ─

⌐ ™ 200 ϴ⌐≡ 1 ─ ╩ ⇔√⁹╕√⁸ ™ ⅜ ↕╣╢ CsNO3

╕√│ Ru(NO)(NO3) 3≤ NaNO3≤─ ⁸⅔╟┘ ꜠ⱬꜟ ⅛╠ ⇔√⅛ ╩

≤⇔⁸600 ϴ─ ╩ ⇔√⁹ ⌐ ─ ⌐ ⇔≡

≤⇔≡ ╩ ⇔√⁹ 

│ ≢─ ⅜ ↕╣╢ ≤⇔≡⁸ ─ ⌂╢⅛ ╩ ™≡

85 ╩ ⇔√⁹ 

 

(1) ⅔╟┘ ╩ ™√ ₒH28- H30x  

30 ╕≢─ ⅛╠ ╠╣√ ╩ ⌐╕≤╘╢⁹ 

¶ ⌐ ⌐ ╕╣╢ NaNO3⌐╟╢ SUS304L─ │ ≤ ≢№╡⁸

│∕─ ⅜ ─ ≤≤╙⌐ ⅝ↄ ↕╣╢ ⌐ ℮↓≤⅜╦⅛∫√⁹╕

√⁸ 200 ϴ⁸1 ⌐╟╢ ⅛╠⁸∕─ │◐ꜗ♬☻♃─

⌐ ╩ ╓∆⌐│ ↄ ╠⌂™ ≢№╢↓≤⅜╦⅛∫√⁹ 

¶ ⌐ ╕╣╢ ─℮∟≢ NaNO3 ⌐ ⅝⌂ ╩ ≈ ⅜ ⅎ╠╣╢

CsNO3№╢™│ Ru(NO)(NO3) 3⌐╟╢ ┼─ │⁸CsNO3│ NaNO3≤ ≢№╢↓≤⅜╦

⅛∫√⅜⁸Ru(NO)(NO3) 3│ ⅜ ∆╢∞↑≢⌂ↄ ⅜ ⌂╢↓≤⅜ ↕╣

√⁹Ru(NO)(NO3) 3⌐╟╢ │ ⌐ ∏⇔╙ ╦∏⁸ ⌐ ⅎ√ ⌐│⁸

⅜ ↕╣⌂™ ╩ ≤⇔≡ ∆╢ ⅜№╢↓≤⅜╦⅛∫√⁹ 

¶ ◐ꜗ♬☻♃─ ╩ ⅛╠ ∆╢√╘⌐⁸ ╩ √⌐ ⇔⁸ ─

╩ ℮↓≤╩ ⌐⇔√⁹ ─ ╦╡⌐ NaNO3⁸CsNO3⅔╟┘ Ru(NO)(NO3) 3

╩ ∫√ ─ ⌐ ⇔≡⁸ ⌂ │ ╠╣⌂⅛∫√⁹ 

¶ ≤⇔≡ 18 ╩ ╗ ⅛ ╩ ∫√ ≢─ ─ ⅛╠⁸ᵑRu

─ ⅜№╢↓≤⁸ᵒ ╩ ≈ ⅜≢⅝╢ ⅜№╢↓≤⁸ᵓ⅛

300 ϴ≤ 600 ϴ─╙─│ 900 ϴ─╙─╟╡ ⅜ ↕ↄ⌂╢↓≤⅜╦⅛∫√⁹⌂⅔⁸

─ ⅛╠│⁸ ⌐⅔™≡╙ Ru ─ ⅜ ⅎ╠╣╢─≢⁸ ⅜

↕╣⌂™ ╩ ≤⇔≡ ∆╢ ⅜№╢↓≤⅜ ↕╣√⅜⁸ ─



 

 

3. 4.3- 2 

 

⌐⅔↑╢ ⱷ◌♬☼ⱶ╩ ∆╢ ⅜№╢↓≤⅜╦⅛∫√⁹ 

 

(2)  ╩ ™√ ⅔╟┘ ╕≤╘ₒR1x  

│ ─ ⌐╟∫≡ ∆╢ NOx●☻⁸ ⌂

≥ ≢─ ⅜ ↕╣╢ ⇔√ ≤ SUS304L☻♥fi꜠☻ ⌐ ⇔≡⁸◐ꜗ♬☻♃

≢─ ─ ⌐ ™ 200 ϴ⌐⅔↑╢ ⅔╟┘ ╩ ∫√⁹↓╣⌐╟╡⁸◐

ꜗ♬☻♃ ⌐ ∆╢ ╕√│ ⌐╟╢ 50 ≢─ ─ ⁸

┼─ ╩ ⌐ ⇔⁸◐ꜗ♬☻♃─ ⅜ ↕╣╢↓≤╩ ∆╢⁹ 

 

(2- 1)  

⌂ ◦☻♥ⱶ─ ─ ─ ◦☻♥ⱶ ≤∕─ ה ה

( 3. 2. 1 )⌐⅔™≡ ╘√ ⅛ 600 ϴ⌐≡ ∆╢ ⌐≈™≡⁸∕─

⌐╟╢ ─ ⌐⅔↑╢ │⁸3.4.2 ⌐ ⇔√╟℮⌐⁸ ⌐╟╢ ⅜

⅝™↓≤⅜╦⅛∫≡™╢⁹↓─√╘⁸ ≢─ ⇔√ ≤⇔≡⁸ ⅛ ⅛

600 ϴ ⅜ ╩ ╕⌂™╙─≤ 3wt MC Moisture Content ╩ ╗╙─╩ ⇔≡

╩ ⇔√⁹╕√⁸ 30 ─ ≢│⁸ ⅛ ╩ ≤↕∑√ ≢─

⌐⅔™≡⁸Ru⌐╟╢ ─ ⅜№╢↓≤⅜╦⅛∫≡™╢⅜⁸ ─ ⅜◐ꜗ

♬☻♃⌐ ⇔≡™╢ ≢─ Ru ⌐╟╢ ╩ ⇔≡ ╩ ↕∑╢√╘⁸◐ꜗ

♬☻♃ ≢─ ─ ⌐ ™ 200 ϴ⌐⅔™≡⁸ 85 ─ ╩ ⇔

√⁹⌂⅔⁸ ⅛ │ 18 ╩ ╗ ⅛╠ ⅜ ⇔√╙─╩ ™√⁹╕√⁸

ה ─√╘⌐⁸ ⅛ ─ ╦╡⌐ NaNO3⅔╟┘ NaNO3- Ru(NO)(NO3) 3 ╩ ™√

╙ ⌐ ⇔√⁹↓↓≢⁸NaNO3- Ru(NO)(NO3) 3│⁸ 30 ─ ≤ Na:Ru

╩ 9 1≤⇔√⁹∕╣∙╣ │ ─ ╡≢№╢⁹ 

 

NaNO3 ќ NaNO2 + 1/2O2 (600 ϴ 800 ϴ)⁸  (3.4.3 - 1) 

NaNO2 ќ 1/2Na2O + NO + 1/4O2 (800 ϴ )     (3.4.3 - 2)  

Ru(NO)(NO3) 3 ќ RuO4 + Ν 250 ϴ     (3.4.3 - 3) 

 

200 ϴ⌐⅔™≡│⁸NaNO3│ ⌐ ╩ ∫√╕╕≢№╢⅜[2 3]⁸Ru(NO)(NO3) 3

│⁸ ⅜ ↓╡ ╘⁸∕─ RuO4≤ NOX⅜ ∆╢≤ ⅎ╠╣≡™╢⁹ │↕╠⌐

™ 150 ϴ⅛╠ Ru(NO)(NO3) 3─ │ ↓╢≤ ⇔≡™╢[2 4]⁹ 

≢│⁸ ╡▪ꜟⱵ♫ ♃fiⱴfi ⌐ SUS304L Cr:18- 20 ; Ni:9 -

13 ; Mn:<2 ; Si:<1  ; C:<0.03  ; Fe:bal ≤ ⅛ ╕√│ ╩ ╣⁸Ar ●☻

◒♇꜡☺כ▼►☻⁸≡⌐ ◐ꜗ♇ⱪ≤☻♥fi꜠☻ ≢∕╣╠╩ ⇔√╙─╩ ☿ꜟ

≤⇔⁸ ⌐≡ ⇔√⁹⅛ ╕√│ ⌐ ╘╢ ≢ ╩ ⇔√

≤ ⌐ ─ ⌐ ↕⌂™╟℮⌐ ⌐ ╩ ╢∆ ≢ ⌐ ™√

⌐⇔≡⁸ ∂ ☿ꜟ ≢ ↕∑√⁹ ─ │ 2000 ╩ ™≡

╩ ⇔√⁹ 

 



 

 

3. 4.3- 3 

 

( 2- 2)   

─ │⁸ ⌐ ⇔√ ─╙─≢│ ⌐ ⅜ ╠╣╢↓≤⅛╠⁸

™ fi♩☿▪┘╟⅔ꜟכ◖ꜟ▪⁸ ⇔√⁹ ─ ⌐ ⇔≡│⁸X ꜞ●◒

Mini Flex600- C ⌐╟╡ 2ɝ ɝ ⌐≡ ─ ╩ ∫√⁹ │⁸

10°/ ⁸ / 40 kV/ 15 mA≢№∫√⁹╕√⁸ Ɫ▬♥◒ⱡ꜡☺כ☼

TM3030Plus⁸ SEM/EDS≤ ∆ ╩ ™≡ ─ ⅔╟┘ ─ ╩ ⇔

√⁹ 

 

(2- 3) ה  

3.4.3 - 1 ⌐ ─ ╩ ∆⁹(a)⅔╟┘(b)│⅛ ⌐

™√ ≢№╡⁸ ╩ ⇔≡™√↓≤⅛╠⁸╦∏⅛⇔⅛ ה ╩ ↑≡™⌂™≤

≢⅝╢⁹ ⁸(c) ⅔╟┘(d)│™∏╣╙⅛ ⌐ ⇔√ ≢№╡⁸ ⅜ ╣⁸

╩ ⇔≡™╢↓≤⅛╠⁸ ה ⅜№╢ ⇔≡™╢╙─≤ ⅎ╠╣╢⁹⇔⅛⇔⁸

⌐╟╢ │ ↕ↄ⁸ ⅜ ≢№╢ ╙ ™↓≤⅜ ↕╣√⁹(e)⅔

╟┘(f) │ NaNO3- Ru(NO)(NO3) 3 ⌐ ⇔√ ⅔╟┘ ⌐ ⅛╣√ ≢№╡⁸(e)│

∕─ ⅜ ⅝ↄ ╣⁸ ╙ ⅝⅛∫√↓≤⅛╠⁸ ⌐ ∂√ ⅜ ⌐╟∫

≡ ™ ↕╣√╙─≤ ⅎ╠╣╢⁹ ⁸( f) │ ╩ ⇔ ╩ ⇔≡™√⁹

⌐ ∂√ │⁸ ≢ ∆ X Ɽ♃כfi ─ ⅛╠⁸ Fe3O4≤ ⅎ╠╣

╢⁹ 

3.4.3 - 2 ⌐ ⌐╟╢ ╩ ↔≤⌐ⱪ꜡♇♩⇔√⁹NaNO3- Ru(NO)(NO3) 3 ⌐

⇔√ ⁸ 30 ─ ≤ ⌐ ⅝⌂ ╩ ∂≡⅔╡⁸Ru(NO)(NO3) 3

⅜ ∆╢≤ ≢№∫≡╙ Ru ⌐╟╢ ─ │ ⅝™↓≤⅜╦⅛∫√⁹ ⁸

≤⇔≡⅛ ╩ ⇔≡ ⇔√ │↓─╟℮⌂ ⅝⌂ │ ╠╣⌂⅛∫√⅜⁸NaNO3

⌐ ⇔√ ╟╡ ⅜ ⅝™↓≤⅛╠⁸⅛ ⌐ ╕╣╢ Ru─ ⌐╟╡ ⅜

↕╣√ ⅜ ⅎ╠╣╢⁹⌂⅔⁸⅛ ⌐╟╢ │⁸ᵑ⅛ ⌐ ╕╣╢ ⅜

™╒≥ ⌐╟╢ ⅜ ⅝™↓≤⁸ᵒ⅛ ⌐ ⇔√ ⌐ ⅛╣√ ─ ⅜

⌐ ⅛╣√ ╟╡ ╩ ↄ ↑╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

3.4.3 - 3 │ NaNO3- Ru(NO)(NO3) 3 ≢ ⇔√ ─ X Ɽ♃כfi≢№╡⁸

Ru(NO)(NO3) 3─ ⌐ ⅛╣√ ⅛╠│ Fe╛ Cr─ ─ ⅜ ≢⅝╢⁹ ⁸

⌐ ⇔√ ⅛╠│ SUS304L─ Ɽ♃כfi─╖⅜ ╠╣╢⁹↓╣│⁸ ⌐╟╢

─ ≢ ═√ ╡⁸ ⅜ ™ ↕╣√ ⁸ ⅜ ╦⌐⌂∫√√╘≤ ⅎ╠╣

╢⁹ 3.4.3 - 4 │⅛ MC 0wt ⌐ ╩ ↑√ ─ X Ɽ♃כfi≢№╢⅜⁸

SUS304L─ Ɽ♃כfi⇔⅛ ≢⅝⌂™╒≥ ⅜ ⌂⅛∫√↓≤╩ ⇔≡™╢⁹ ⁸

3.4.3 - 5│⅛ MC 3wt ⌐ ╩ ↑√ ─ Ɽ♃כfi≢№╡⁸Fe╛ Cr ─

Ɽ♃כfi⅜ ↕™⌂⅜╠╙ ≢⅝╢⁹ ─╟℮⌐ ⌐ ∆╢ ⌂ │™∏

╣╙ Fe╛ Cr─ ≢№╢≤╦⅛∫√⁹ 

3.4.3 - 6│ NaNO3- Ru(NO)(NO3) 3 ⌐ ⇔√ ≢ ↕∑√ ─ SEM/EDS

≢№╡⁸ ─ ⌂ │ Fe⁸Cr⁸Si⁸Ru⁸O≢№∫√⁹ 30 ─ NaNO3-

Ru(NO)(NO3) 3 ╩ ™√ ≢╙ ╠╣√╟℮⌐ Ru ╩ ⇔√ Fe╛ Cr ─ ─



 

 

3. 4.3- 4 

 

⅜ ⇔√≤ ⅎ╠╣╢⁹ ⁸NaNO3- Ru(NO)(NO3) 3 ≢ ↕∑√ ─

╙⁸ │ ∂≢ ─ Ru⅜ ↕╣√⁹↓─ │ Ru(NO)(NO3) 3 ⌐ ⇔≡™⌂

™⌐╙ ╦╠∏ Ru⅜ ↕╣√↓≤⅛╠⁸Fe╛ Cr ─ ─ │⁸ ≢─ ─

™ Ru RuO4№╢™│ RuO4
- ⅜ RuO2⌂≥┼─ ─ ⌐╟∫≡⁸ ™ ╩ ∂√

≢№╢≤ ⅎ╠╣╢⁹ ⁸ 3.4.3 - 7 │⁸ ⅛ MC 3wt ⌐ ⇔√ ─

─ SEM ≢№╢⁹ ≢ ↄ ⅎ╢ ⅝↕ µm ─ │⁸ ⌐ Fe⁸Cr⁸Mo⁸Ba⁸Sr⁸O⅛

╠ ↕╣≡™╢⅜⁸ ─ ≢│⁸Fe⁸Cr⁸Ni⁸⅔╟┘↔ↄ╦∏⅛⌂ Mo⁸Ba⁸Ru⅜

↕╣√⁹X ─ ╩ ∆╢≤⁸ ─ ⌂ │ Fe- Cr- O≢ ↕╣╢

≢№╢⅜⁸Ru╛ Mo⅜ RuO4╛ MoO3≤⇔≡ ─ ≤⌂╡⁸╦∏⅛⌐ ╩ ⇔√

⅜ ⅎ╠╣╢⁹⌂⅔⁸▪ꜟ◌ꜞ ─ Sr ⅔╟┘ Ba │⁸∕╣∙╣ ─ │

542 ϴ⅔╟┘ 550 ϴ≢№╡⁸⅛ ≢─ ⅜ ⅝™√╘⌐ ⇔√─╖≢№╢≤ ⅎ╠

╣⁸ ┼─ │ ↕™─≢│⌂™⅛≤ ↕╣╢⁹ 

⅛ ─ ⌐╟╢ ≤ ─ ╩ 3.4.3 - 8 ⌐ ∆⁹◐ꜗ♬☻♃ 50

─ ╩ ∆╢⌐№√∫≡│⁸ ⅛ ⌐ ⇔√ ⌐ ⅛╣√ ≢ ╠╣√

╩ ⌐⁸ ⱷ◌♬☼ⱶ╩ ⇔≡ ╩ ℮⁹╕∏⁸ ─ ⌂ │⁸☻♥fi꜠☻

─ ⌂≥≢╙ ↕╣╢ Fe- Cr- O≢ ↕╣╢ ≢№╢⁹ ─ ≢№╢

NaNO3─ ⌐╟╢ ╟╡╙ ⅜ ⅝ↄ⁸ ⅛ ⌐ ╕╣╢ FP⅛╠ ∂╢

RuO4╛ MoO3⁸⅔╟┘ ⌐ ╕╣╢ ⌐╟╡⁸Fe- Cr- O≢ ↕╣╢ ─ ☻♥fi

꜠☻ ─ ⌂ ⅜ ↕╣≡™╢ ⅜ ⅎ╠╣╢⁹ ∆╢ │ ≢

№╡⁸ 3.4.3 - 6 ≢ ↕╣╢╟℮⌂⁸NaNO3- Ru(NO)(NO3) 3 ╩ ™√ ≢ ↕╣╢◒ꜝ

♇◒╩ ™ Ru╩ ↄ ╗ ≤│ ⅜ ⌂╢ ⅜ ™⁹↓↓≢⁸ ╩ ℮⌐

⇔≡│⁸ ∆╢ ─ ⅜ ≤⌂╢⁹∆⌂╦∟⁸ ─ ≤⇔≡ ↄ ╠

╣╢╟℮⌐⁸ ∆╢ ⅜ ≢ ⌐ ∆╢ ⁸ │ ≤≤╙⌐

⅜ ⅎ╠╣╢ ⌐ ℮⅜⁸ ⅜ ╣╛∆ↄ ⌐ ↄ ╕╠⌂™ │⁸ ≤≤

╙⌐ ⅜ ⇔⌂™ ⌐ ℮⁹ ─ ⅛╠│⁸ ⌂ ╩ ∂≡™╢

─≢ ⌐ ℮≤ ⅎ╠╣╢⅜⁸Ru ⌐╟╢ ─ⱷ◌♬☼ⱶ╙ ⇔≡™╢↓≤⅛

╠⁸ ⌐ ⅎ√ ⌐│⁸ ⌐≡⁸∕─ ╩ ∆╢ ⅜№╢⁹↓╣╠─ ╩

⌐⁸ ⅛ ( MC 0wt ⅔╟┘ 3wt )≤ SUS304L╩ 85 ⁸200 ϴ≢ ╩ ∫√

╩ ™≡⁸ ─ ╩ ℮⁹ dw2 = KP·t dw mg/cm2 ⁸KP

⁸t: min ╩ ⇔√ ⁸ 0 wt ⅔╟┘ 3 wt  ─╙─⌐ ⇔≡⁸50

─ │ 0.45 mg/cm2⅔╟┘ 0.67 mg/cm2≤⌂╢⁹↓╣╠⅜∆═≡ ≢№╢≤ ∆

╢≤⁸∕─ ↕│ 5.12 µm⅔╟┘ 7.48 µm≤⌂╡⁸☻♥fi꜠☻ ─ ↕│⁸∕─ 2.56 

µm⅔╟┘ 3.74 µm≤ ↕╣╢⁹ ⁸ dw = KL·t KL│ ╩ ∆╢≤⁸

0 wt ⅔╟┘ 3 wt  ─╙─⌐ ⇔≡⁸50 ─ │ 5.96 mg/cm2⅔╟┘ 9.71 mg/cm2≤

⌂╢⁹↓╣╠⅜∆═≡ ≢№╢≤ ∆╢≤⁸∕─ ↕│ 64.7 µm⅔╟┘ 105.1 µm≤⌂╡⁸

☻♥fi꜠☻ ─ ↕│⁸∕─ 32.35 µm⅔╟┘ 52.56 µm≤ ↕╣╢⁹ 

│⁸ ─ ─ ≢ ╠╣√╟℮⌐⁸ ╩ ℮ ⁸ ⅎ┌

⅜ ⌂ ╩ ≈ ⌐ ↕╣⁸ ≤≤╙⌐ ⅜ ∆╢─⌐ ∫≡⁸ ─

≤ ─ ─ ⅜ ↕ↄ⌂╢↓≤⌐╟╡⁸ ⅜ ∆╢ⱷ◌♬☼ⱶ≢№╢⁹



 

 

3. 4.3- 5 

 

⇔⅛⇔⁸Ru─ ⌐╟╢ ─ ⅜ ╠╣≡⅔╡⁸ ⌐ ⅎ√ ⁸ ─

╩ ⅎ√ ⌐⅔™≡⁸ ⌐◒ꜝ♇◒⅜ ∂≡ ⇔⌂™ ╩ ∆╢↓≤│≢⅝∏⁸

≢│ ─ ╩ ⇔≡™╢ ⅜№╢⁹ ⁸ │ ⅛╠

⅜ ≤⌂╢ ≢№╡⁸ ⅜ ⌂ ╩ √⌂™ ⌐ ↕╣╢⁹

╩ ⌐ ╢≤⁸ ⅜ ⇔≡╙ ⌂ ≤│⌂╠∏⁸ ╛◒ꜝ♇◒ ⅜ ₁≤

↓╡⁸ ⌐ ⇔™ ⅜ ↕∑╢╙─⌐ ↕╣╢√╘⁸ ⅜ ⁸╡№≢☻כ◔™⌂⇔

ⅎ┌⁸ ⌐╟╢ ⌂≥ ⇔™ ╩ ∂╢ ⌐ ╠╣╢ⱷ◌♬☼ⱶ≢№╢⁹

╩ ™≡ ╩ ∆╢≤⁸ ⌂ ─ ╩ ∆╢ ╩ ⅝ↄ ⅎ ⅞╢

↓≤⌐⌂╡⁸ ─ ╩ ∆╢↓≤⌐⌂╢⁹⇔√⅜∫≡⁸ ─ │

≤ ≢ ↕╣╢ ─ ⌐ ╢≤ ⅎ╢─⅜ ≢№╡⁸ ╠╣≡™╢ ⅛╠

│⁸ ⌐╟╢ ⅜ ─ ⌐ ™≤ ⅎ╠╣╢⁹⇔⅛⇔⁸ │⁸ ⌐

ⅎ√ ─ ╩ ℮↓≤⅜ ≢№╡⁸3.2.1 ⌐⅔™≡ ╘√ ─ ─ ≢

№╢ 0.3wt ╩ ⅝ↄ ╢ 3 wt  ─⅛ ╩ ™√ ⌐ ⇔⁸ ╩ ™√

⌐╟╢ 53 µm╩⁸59 ⌐╦√╢ ─ ⌂ ─ ≤ ⅎ╢⁹⌂⅔⁸◐ꜗ♬

☻♃─ ↕│ 3.4.1 ⌐≡ 2 ≤ ⇔≡⅔╡⁸ 53 µm ─ ⅜№∫≡╙◐ꜗ♬☻♃─

⌐│ ⇔⌂™≤ ⅎ╢⁹ 

 

(2- 4) ╕≤╘ 

│ ≤⇔≡ 0wt ⅔╟┘ 3wt ─ ⅛ ╩ ∫≡⁸◐ꜗ♬☻♃

SUS304L⌐ ⇔⁸85 ⁸200 ϴ≢ ╩ ⇔⁸ ─ ╩ √⁹ᵑ ─

⌐╟╡ ⅜ ∆╢⁸ᵒ ⅛ ⅛╠─ ╛ ⌐ NOX ≤─ ⌐╟

╢ ⌐ ═≡ ⅛ ⅜ ∆╢ ─ ─ ⅜ ⅜ ⅝™⁹ 28-  30

⅔╟┘ ─ ⅛╠⁸◐ꜗ♬☻♃─ ∆⌂╦∟ ┼ ⅎ╢ ─ ╩

─╟℮⌐ ⅎ√⁹ ⌐╟╢ SUS316L◐ꜗ♬☻♃ ─ ⱷ◌♬☼ⱶ│ ─

≢№╢⁹200 ϴ≢─ ≢│⁸⅛ ⌐╟╢ │ NaNO3 ⌐╟╢╙─╟╡

⅝™↓≤⅜ ⇔√⅜⁸∕─ │ 30 ╕≢⌐ ⇔√ ≢─ ╟╡ ╠⅛⌐

⌂™⁹ ⁸ ⅛╠ ╠╣√ ⌐ ∆╢ ─ │⁸ ↕∑╢╙─⌐

╟╠∏⁸∕╣╠─ │╦∏⅛⇔⅛ ⇔⌂™↓≤╩ ⇔≡™√⁹⇔√⅜∫≡⁸ ⌐

™ 200 ϴ ≢│ ⱷ◌♬☼ⱶ⌐╟╠∏⁸◐ꜗ♬☻♃⌐ ⅎ╢ ─ │ ↕™≤

↕╣╢⁹╕√⁸◐ꜗ♬☻♃─ │⅛⌂╡ ⌐ ⇔≡╙⁸50 ≢ 53 µm≤

╙╠╣⁸ ┼─ │ ↕ↄ⁸ ≢─ 2 │ ≢№╢≤ ⇔√⁹ 

 



 

 

3. 4.3- 6 

 

 

 

3.4.3 - 1 200 ϴ⁸85 ─ ⁹(a) ⅛ MC 

3wt  ⌐ ™√ (b) ⅛ MC 0wt ⌐ ™√ (c) ⅛

MC 3 wt ⌐ ⇔√ (d) ⅛ MC 0wt ⌐ ⇔√  

( e)  Ru(NO)(NO3) 3 ⌐ ⇔√ ( f )  Ru(NO)(NO3) 3 ⌐ ™√  

 

 

3.4.3 - 2 200 ϴ⁸85 ⌐╟╢ SUS304L─  



 

 

3. 4.3- 7 

 

 

 

3.4.3 - 3  Ru(NO)(NO3) 3≢ 200 ϴ⁸85 ↕∑√ ─ X Ɽ♃כfi 

(a) Ru(NO)(NO3) 3 ⌐ ⇔√ ⁸(b) ⌐ ™√  

 

 

3.4.3 - 4 ⅛ MC 0wt ≢ 200 ϴ⁸85 ↕∑√ ─ X Ɽ♃כfi 

(a)⅛ ⌐ ⇔√ ⁸(b) ⌐ ™√  

 



 

 

3. 4.3- 8 

 

 

 

3.4.3 - 5 ⅛ MC 3wt ≢ 200 ϴ⁸85 ↕∑√ ─ X Ɽ♃כfi 

(a)⅛ ⌐ ⇔√ ⁸(b) ─ ⌐ ™√  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3. 4.3- 9 

 

 

3.4.3 - 6  Ru(NO)(NO3) 3 ⌐ ⇔≡ 200 ϴ⁸85 ↕∑√ ─( a)SEM

⅔╟┘(b)EDX  

 



 

 

3. 4.3- 10 

 

 

 

3.4.3 - 7 ⅛ MC 3wt ⌐ ⇔≡ 200 ϴ⁸85 ↕∑√ ─ 

(a)SEM ⅔╟┘(b)EDX  

 



 

 

3. 4.3- 11 

 

 

3.4.3 - 8 SUS304L─ ≤ ─ 200 ϴ  



 

 

3.5.1 - 1 

 

3.5 ⌂ ─ ₒH28- R1x  

3.5.1  ₒH28- R1x  

(1) 4 ─  

⌂ ⁸ ≢│ ≤ ∆⁹ ⅜ ╩ ╢ ה

⌐ ⌐ ⇔≡ ⌐ ∆╢↓≤╩ ∆╢√╘⌐⁸MA ╛

⅜ ⇔√ ─⁸ ⌐ ∆╢ ─ ⅔╟┘

─ ╩ ⇔√⁹ 28 ⅔╟┘ 29 │⁸MA ⅜ ⇔√

─ ה ─ ╩∕╣∙╣ ⇔⁸ 30 │

⅜ ⇔√ ─ ה ┼─ ╩ ⇔√⁹ │⁸ ●ꜝ☻

─ ─ ╩ ⇔√⁹ 

 

(2) MA ╩Ɽꜝⱷכ♃≤⇔√ ─  ₒH28x  

≢─ MAה ⌐⅔↑╢ MA ה ─ ╩ ∆╢√╘⁸

MA ╩Ɽꜝⱷכ♃≤⇔≡ ─ ╩ ה ⇔√⁹ ≤│

⅜ ⌐ ↕╣√ ─ ┌ↄ ╩ ∆ ≢№╢⁹ 

ᵑ  

≢│⁸●ꜝ☻ ─ ╩ ⌐⁸ ⌂ MA ─●ꜝ☻ ─

╩ ⌐ ∆╢√╘⌐₈ ₉≤™℮ ╩ ⇔√⁹ 

i) ●ꜝ☻ ─  

●ꜝ☻ ─ √╡ ─ ⌐│⁸ ≤⇔≡ ↕╣≡

2]☻כⱬ♃כ♦╢™ 5]╩ ™√⁹ 

i i)  

╩ ﬞ ⌐ ⇔√ ⁸ ⅜ ↕╣∏ MA ╩ ╪∞●ꜝ☻

MA ≤⁸ ⅜ ↕╣ MA⅜ ↕╣√●ꜝ☻ MA

⅜ ∆╢⁹∕↓≢⁸MA MAה ─∕╣∙╣─ ה

╩ ™≡⁸●ꜝ☻ ─ ╩ ⇔√╙─╩₈ ₉≤ ⇔

√⁹ ─ ╩ 3.5.1 - 1⌐ ∆⁹ 

ᵒ  

i) CT  

 ⅜ ─ ─ ≤↓╣╕≢─ ⅔╟┘ ⅔╟┘ ─

ﬞ ╩ 3.5.1 - 2⌐ ∆⁹ │⁸ ─ ◘▬◒ꜟ [2 6][2 7]

╩ ⇔√╙─≢№╢⁹ ⌐╟╣┌ ─ CT│ 10 30 ⌐ ∆╢↓≤⅜ ↕╣╢

─≢⁸ ≢│ ≤⇔≡ CT20 ╩ ≤⇔√⁹ 

i i) ╕≢─  

 ╕≢─ │ 10 ╩ ≤⇔≡±5 ╩☻כ◔─ ⇔√⁹ 

ᵓ  

─⁸PWR≡⇔≥☻כ◔ 45GWd/t─ ╩ ⌐ CT20 ⁸ ╕≢─

10 ≤⇔√ ─ ╩ 3.5.1 - 3⌐ ∆⁹ │⁸MA ⅜ 95

99 ╕≢ ⇔√ ─ ╡ ⇔ 1000 ─ ╩ ⇔≡⅔╡⁸ ⌐╟╢



 

 

3.5.1 - 2 

 

⅜ ⌐ ═≡ 76 79 ≢⅝╢↓≤⅜╦⅛∫√⁹╕√⁸ ─

⅜ 5 ⌐ ≢⅝√ │⁸ 88 91 ≢⅝√⁹ ⁸15 ⌐ ⇔√ │ 64

67 ─ ≤⌂∫√⁹ ╟╡⁸ ─ ⅛╠│⁸ ╕≢─

⅜ ≢№╡⁸MA │ 95 №╣┌ ≢№╢↓≤⅜╦⅛∫√⁹[18]  

 

(3) MA ╩Ɽꜝⱷכ♃≤⇔√ ─ ₒH29x  

≢─ MAה ⌐⅔↑╢ MA ה ─ ╩ ∆╢√╘⁸

MA ╩Ɽꜝⱷכ♃≤⇔≡ ⌐⅔↑╢ ╩ ה ⇔√⁹ ≢

│ ꜠ⱬꜟ │ ∆←⌐●ꜝ☻ ≤⌂╢⅜⁸ ≢│ ꜠ⱬꜟ ╩

≤⇔≡ ⇔⁸ ⌐ MAה ╩ ™●ꜝ☻ ≤∆╢─≢⁸MA

⌐╟╢ ─╖⌂╠∏⁸FP ⌐╟╢ ⅜ ≢⅝╢⁹ 

⌐⅔↑╢ ⌂ │⁸ ⁸ ≤ ⁸ ⅜

№╢⅜⁸ 29 │⁸ ⌐ ⇔™ ≢ 2 ≈─ ⌐⅔↑╢ ╩ ⇔√

─ ╩ 3.5.1 - 4⌐ ∆ ⁹ 

ᵑ  

 ⌐│ MA ≤ MA ─ ⅜ ∆╢√╘⁸∕─ ─

W│⁸∕╣∙╣─●ꜝ☻ 1 √╡─ S⅔╟┘

N╩ ⌐⁸ ⌐╟╡ ⇔√ ⅜ ─ ⁸ n╩ ∆╢⁹ ⁹ 

W S MA × N MA /n   S MA × N MA /n  

 S⌐≈™≡│⁸●ꜝ☻ ╛ ╩ √⇔≥♃כ♦ 3

╩ ™⁸●ꜝ☻ ─ ⁸ ⁸ ╩ ⇔≈≈⁸ ≤

⌐ ↕╣╢ ─ ⅜ 100 ϴ ≤⌂╢╟℮⌐ ⇔√⁹╕√⁸

N│ ╕≢─ ⌐ ∆╢√╘⁸ ╕≢─ 10 ╩ ≤⇔⁸5 ≤

15 ╙☻כ◔─ ⇔√⁹ 

ᵒ  

 ⅔╟┘ ╩ 3.5.1 - 5⌐ ∆[2 8]⁹ ─ ⁸●ꜝ☻

─ 1000m⁸ 45 ϴ≤⇔√ ─ │ 500m⁸30 ϴ ⁹╕√⁸●ꜝ☻

─ │⁸PWR 45GWd/t─ CT20 ─ ─ ⅔╟┘ [ 29]╩

⇔⁸●ꜝ☻ ─ 15wt Na2O ╩ ╘╢≤ 25wt ⅔╟┘

2.3kW/ [3 0]╩ ≤⇔≡ ⇔√⁹ 

ᵓ  

 ⌐⅔↑╢ 3 ─ ⅔╟┘ ╩╕≤╘≡ 3.5.1 - 1⌐ ∆⁹

╟╡⁸MA ─ 1 √╡─ │ 41.7m2/ ⁸MA ─

│ MA 5 ⅔╟┘ 1 MA 95 ⅔╟┘ 99 ─≥∟╠≢╙ 20.8m2/ ≤⌂∫

√⁹↓─ ╩ ⌐⇔√ ─ ╩ 3.5.1 - 6⌐ ∆⁹ ╟╡⁸

╩ 10 ≢ ⇔√ ⁸ ─ │ ⌐

⇔ 42 43 MA 95 99 ─ ≢⅝╢↓≤⅜╦⅛∫√⁹ 

ᵔ  

⌐⅔↑╢ 3 ─ ⅔╟┘ ╩╕≤╘≡ 3.5.1 - 2⌐ ∆⁹



 

 

3.5.1 - 3 

 

╟╡⁸ 1 √╡─ │ MA MAה ≤╙⌐ 44.4m2/ ≤⌂╢⅜⁸MA

─ │ ╩ 2 ⌐≢⅝╢√╘⁸ ⌐│ MA ─ │ 22.2m2/

≤⌂╢⁹╕√⁸↓─ ╩ ⌐⇔√ ─ ╩ 3.5.1 - 7⌐ ∆⁹

╟╡⁸ ╩ 10 ≢ ⇔√ ⁸ ─ │

⌐ ⇔ 42 43 MA 95 99 ─ ≢⅝╢↓≤⅜╦⅛∫√⁹[19]  

 

(4) ╩Ɽꜝⱷכ♃≤⇔√ ה ┼─ ₒH30x  

ᵑ ⌐ ∆╢  

 ⌐ ∆╢ │⁸ ─ ≢№╢●ꜝ☻

─ MA ⌐ 241Am ─ ⌐ ∆╢ᵑCT⁸ᵒMA ≢№╢⁹↓╣╠─ ⌐≈™≡│

28 ⌐ ⇔≡⅔╡⁸ᵑCT⌐≈™≡│ 3.5.1 - 8⌐ ∆ ⅜ ╠╣≡⅔╡⁸CT⅜ 5 30

≤⌂∫≡╙ MA ⅜ 99 ─ ─ │ 1/100 ≤╒≤╪≥ ╦╠⌂™⁹╕√⁸

ᵒMA ⌐≈™≡╙ 3.5.1 - 3─ ╡⁸ ┼─ │ ↕™⁹ 

ᵒ ⌐ ∆╢  

⌐ ∆╢ ≤⇔≡│⁸ᵑ ⁸ᵒCT⁸ᵓ

SD ⁸ᵔMA ⅜№╢⁹ᵔMA ─ ⌐╟╢ │(3) ─ ╡≢№╡⁸↓↓

≢│ᵑ ᵓ─ ⌐╟╢ ┼─ ╩ ⇔√⁹⌂⅔⁸ 30 ─ ≢│

╩ ⌐ ⇔√⁹ 

i)  

 │ 29 ≤ ≢№╡⁸●ꜝ☻ 1 √╡─ ⅔╟┘

╩ ⌐⁸ ╩ ⇔√⁹⌂⅔⁸ ╕≢─ │ 10 ╩ ≤⇔√⁹ 

i i )  

 │ ⁸ ─ 2≈╩ ⇔√⁹╕√⁸CT│ 20 ⁸ 30 ≤⇔⁸SD│

─ ﬞ ─ ≢№╢ 32 ≤ ─ ≤⇔≡ 50 ╩ ⇔√⁹

MA │ 0 ⁸ 95 ≤⇔√⁹ 

ii i )  

─╕≤╘≤⇔≡⁸ ≤ ⇔√ ─ ╩

3.5.1 - 9⌐⁸ ⅔╟┘ ─ ╩ 3.5.1 - 10⌐ ∆⁹ 3.5.1 - 9╟

╡⁸ ⌐⅔↑╢ ─ │ 37 48 ⁸ ⌐⅔↑╢ │ 42

54 ≤⌂∫√⁹ ─ ⅜ ⅜ ⅝⅛∫√─│⁸ ─ ⅜ ⅜ ↄ

⌐ ⇔™ ≢№╡⁸ 3.5.1 - 10 ⌐ ∆╟℮⌐ ≢│ ╩ ⅝ↄ∆╢ ⅜

№╢↓≤⅛╠⁸MA ⌐╟╢ ⅜╟╡ ⌐ ╣√√╘≢№╢≤ ⅎ╠╣╢⁹⌂

ᵔ≢│⁸☻כ◔⁸⅔ ⌐╟╡ │ ╩↕╠⌐ ↄ∆╢↓≤⅜≢⅝╢⅜⁸

─ ─ ⅛╠ 2.5d ⌐≢⅝∏[2 8]⁸ ─ ╩ ↄ⇔≡

╩ ╠⇔√√╘⁸ ─ ⅜ ╠╣≡™╢⁹ 

CT─ ⌐╟╢ ⌐≈™≡│⁸CT⅜ ↄ⌂╢╒≥ ╙ ⅝ↄ⌂╢↓≤⅜╦⅛∫√⁹

⁸SD─ ⌐╟╢ ⌐≈™≡│⁸ ≤ ≢ ⅜ ⌂∫√ SD⅜ ↄ⌂╢≤⁸

≢│ ⅜ ⅝ↄ⌂╢⅜⁸ ≢│ ↕ↄ⌂∫√⁹ ⁹SD⅜ ↄ⌂╣┌ FP ⌐

╟╡●ꜝ☻ ─ │ ⇔⁸MA ⌐╟╢ │ ⌐ ⅝ↄ⌂╢⅜⁸



 

 

3.5.1 - 4 

 

≢│ ⅜ ↄ ╩ ↄ ∆╢ ⅜№╡⁸ 3.5.1 - 10⌐ ∆╟℮⌐ MA

⌐╟╢ ⌐ ∆╢ ─ ⅜ FP ⌐ ∆╢

╟╡ ⌐ ↕™√╘⁸ ─╟℮⌂ ⅜ ⅝√╙─≤ ⅎ

╠╣╢⁹[20]  

 

(5)  ●ꜝ☻ ─ ₒR1ₓ 

●ꜝ☻ │⁸CT⅜ ™ │ 241Am ─ ⌐╟╡ ⅜ ⅝ↄ⌂╢⅜⁸

╩ ⇔≡ MA╩ ∆╢↓≤⌐╟╡⁸●ꜝ☻ 1 √╡─ ╩ ⇔≈≈

╩ ⇔⁸ ╩ ≢⅝╢↓≤⅜ ↕╣╢⁹∕↓≢⁸ ●ꜝ☻ ╩

⇔√ ─ ─ ╩ ⇔√⁹ 

ᵑ ●ꜝ☻ ─ ה  

i )  

●ꜝ☻ ╩ ⇔√ ─●ꜝ☻ ⅔╟┘ ─ ╩

3.5.1 - 11 ⌐ ∆⁹ │⁸ ⌐│ 29 ⅔╟┘ 30 ≤ ≢№╡⁸

─ ⅜ ↕╣∏ MA╩ ╪∞●ꜝ☻ │ MA ⁸ ⅜

↕╣MA⅜ ↕╣√●ꜝ☻ │ MA ≤ ∆╢↓≤≤∆╢⁹ 

⌐≈™≡│⁸●ꜝ☻ ⁸ ⁸ ╩ Ɽꜝⱷכ♃

≤⇔≡⁸ ╩ ⌐ 3 ⌐╟╡ Tc1⅜ 100 ϴ─

╩ ╢ ≢ ─●ꜝ☻ 1 √╡─ S1╩ ╘╢⁹↓↓≢⁸●ꜝ☻

│⁸ ─ k1 ╩ ∆╢╙─ MA ≤∆╢⁹╕√⁸

⁸ │ ─ ╩ ∆╢╙─≤∆╢⁹ 

⁸ ⌐≈™≡│⁸ S1│ ≤ ∂≤⇔⁸ ╩Ɽꜝⱷ

√⇔≥♃כ 3 ╩ ™⁸ Tc2⅜ ─ ≤ ≤⌂╢

k2 ╩ ╘╢ MA ⁹ ●ꜝ☻ ─ │⁸ ─

╩ ⌐ 35wt ≤⇔√[3 1]⁹ ─●ꜝ☻ N2│⁸ ─ 40000

⌐ ⇔ 40000×k1/k2 ≤⇔≡ ╘╠╣╢⁹⌂⅔⁸ ≤ ≢●ꜝ☻ 1

√╡─ ╩ ⇔ↄ∆╢↓≤│ ≢│⌂™⅜⁸↓↓≢│ ⌐╟╡ ⌂

╩ ⇔√⁹ 

i i )  

│ 30 ≤ ⌐⁸ │ ≤ ≤⇔⁸CT│ 20 ≤ 30 ⁸SD│

32 ≤ 50 ≤⇔√⁹●ꜝ☻ ─ MA │ ≢│ 0 ⁸ ≢│ 95 

≤⇔√⁹●ꜝ☻ ─ │ ⌐ ⇔√⁹∕─ ⁸ ₁─ ⌐⅔↑╢ ╛

│ 30 ⌐ ⇔√╙─╩ ⇔√⁹ ≢─ ₁─ ─

─ │⁸ ─ │ ⅜ D─ 2.6 ⁸ │

d─ 3 ⁸ ─ │ ⅜ D─ 2 ⁸ │ d─ 2

≢№╢[2 8]⁹ 

ᵒ  

☻כ◔ 1 CT 20 ⁸SD 32 ☻כ◔┘╟⅔ 2 CT 30 ⁸SD 32 ─ 3

─ ⅔╟┘ ╩╕≤╘≡ 3.5.1 - 3 ⌐ ∆⁹ ☻כ◔⁸╡╟ 1 ─ ⁸MA



 

 

3.5.1 - 5 

 

│ 3.2d⁸ 2.6D⁸2 ≢ │ 95.8 ϴ≢№╢─

⌐ ⇔⁸MA │ ≤ ╩ MA ≤ ∂≤⇔⁸MA ⌐╟

╡ ╩ 143 ⌐ ╘╢↓≤⅜≢⅝⁸ │ 96.4 ϴ≤⌂∫√⁹ ─

╩ ≤∆╢√╘ ╩ ⇔√ ─●ꜝ☻ │ 0.706 ≢№

╢⁹ ☻כ◔⁸ 2─ ⁸MA ≢│ 3d⁸ 2.6D⁸2 ≢

│ 92.1 ϴ≢№╢─⌐ ⇔⁸MA │ MA ⌐╟╡ ╩

165 ⌐ ╘╢↓≤⅜≢⅝⁸ │ 92.5 ϴ≤⌂∫√⁹ ─ ╩

≤∆╢√╘ ╩ ⇔√ ─●ꜝ☻ │ 0.610 ≢№╢⁹↓╣╠─

╩ ⌐ ⇔√ ─ ╩ 3.5.1 - 4⌐ ∆⁹ ╟╡⁸ ⌐╟

╢ │⁸∕╣∙╣ ☻כ◔ 24 1 ⁸ ☻כ◔ 31 2 כ◔⁹√∫⌂≥

☻ ☻כ◔╡╟1 2─ ⅜ ⅜ ⅝ↄ⌂∫√─│⁸◔כ☻ 2─ CT⅜ 30 ≤ ↄ⁸241Am─

⅜ ↄ⌂∫√√╘⁸MA ─ ⅜ ⅝ↄ ⇔√√╘≢№╢⁹ 

☻כ◔⁸⌐ 3 CT 20 ⁸SD 50 ☻כ◔┘╟⅔ 4 CT 30 ⁸SD 50 ─

ה ╩ 3.5.1 - 5 ⌐ ☻כ◔⁹∆ 3─ ⁸MA │ 3.2d⁸

2.6D⁸3 ≢ │ 95.2 ϴ≢№╢─⌐ ⇔⁸MA │ MA ⌐╟╡

╩ 165 ⌐ ╘√↓≤≢ │ 94.2 ϴ≤⌂∫√⁹ ─

╩ ≤∆╢√╘ ╩ ⇔√ ─●ꜝ☻ │ 0.597 ≢№╢⁹ ⁸

☻כ◔ 4 ─ ⁸MA │ 3.2d⁸ 2.6D⁸3 ≢

│ 98.6 ϴ≢№╢─⌐ ⇔⁸MA │ MA ⌐╟╡ ╩ 212 ⌐ ╘√

↓≤≢ │ 98.4 ϴ≤⌂∫√⁹ ─ ╩ ≤∆╢√╘

╩ ⇔√ ─●ꜝ☻ │ 0.470 ≢№╢⁹↓╣╠─ ╩ ⌐ ⇔√

─ ╩ 3.5.1 - 6⌐ ∆⁹ ╟╡⁸ ⌐╟╢

│⁸∕╣∙╣ ☻כ◔ 32 3 ⁸ ☻כ◔ 42 4 ☻כ◔⁹√∫⌂≥ ☻כ◔┘╟⅔3 4─

☻כ◔⅜ ☻כ◔┘╟⅔1 2╟╡╙ ⅝ↄ⌂∫√─│⁸SD⅜ 50 ≤ ↄ⁸●ꜝ☻

⌐ ╘╢ FP 137Cs⁸90Sr ⅜ ∆╢√╘⁸241Am ─ ⅜ ⌐ ╕╡⁸MA

─ ⅜ ⅝ↄ⌂∫√√╘≢№╢⁹ 

ᵓ  

≤ ☻כ◔⁸⌐ 5 CT 20 ⁸SD 32 ☻כ◔┘╟⅔ 6 CT 30 ⁸SD 32

─ ה ╩ 3.5.1 - 7⌐ ☻כ◔⁸⌐╙≥≥∆ ☻כ◔┘╟⅔5 6─ ─

╩ 3.5.1 - 8 ⌐ ∆⁹ ⌐╟╢ │⁸∕╣∙╣ כ◔ 22

☻ 5 ⁸ ☻כ◔ 29 6 ☻כ◔⁸√╕⁹√∫⌂≥ 7 CT 20 ⁸SD 50 ☻כ◔┘╟⅔

8 CT 30 ⁸SD 50 ─ ה ╩ 3.5.1 - 9⌐ ☻כ◔⁸⌐╙≥≥∆ כ◔┘╟⅔7

☻ 8 ─ ─ ╩ 3.5.1 - 10⌐ ∆⁹ ⌐╟╢

│⁸∕╣∙╣ ☻כ◔ 31 7 ⁸ ☻כ◔ 40 8 ≤⌂∫√⁹⇔√⅜∫≡⁸ ⌐≈™

≡╙⁸ ᵒ─ ≤ ─ ╩ ∆↓≤⅜╦⅛∫√⁹ 

ᵔ ╕≤╘ 

ﬞ ⅛╠ ∆╢ ꜠ⱬꜟ ╩ ⌐⁸ ●ꜝ☻ ╩ ⇔√ ─

╩ ⇔√⁹ ─╕≤╘≤⇔≡⁸ ╕≢─ 10 ─ ─

╩ 3.5.1 - 12⌐ ∆⁹ 



 

 

3.5.1 - 6 

 

ה ⌐⅔™≡ ●ꜝ☻ ╩ ⇔√ ⁸ ─ │

⌐ ═≡ 24 42 ⇔√⁹ ⁸ ⌐⅔™≡ ●ꜝ☻ ╩ ⇔√

│⁸ ⌐ ═≡ 22 40 ⇔√⁹ 

ה │⁸ ─ ⌐╟╡●ꜝ☻ ⌐⅔™≡ MA ≤

⌐ ●ꜝ☻ ─ ─ ╩ ≤∆╢√╘⁸ ⌐╟╠∏

≤≤╙⌐ ─ ⌐ ⅝ↄ ∆╢↓≤⅜ ↕╣╢⁹ 

 

( 6) 4 ─ ╕≤╘ 

⌐≈™≡│⁸PWR45GWd/tהCT20 ה ╕≢─ 10 ╩ ≤∆╢≤

76 79 MA 95 99 ─ ⅜№╢↓≤⅜╦⅛∫√⁹ ⌐│⁸

╕≢─ ⅜ ⅝ↄ ⇔⁸ ─ ⅜ ≢№

╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√⁸MA ╛ ─ ⌐╟╢ │ ↕ↄ⁸

MA ─ │ 3 ≢№∫√⁹ 

⌐≈™≡│⁸ ╛ ⌐╟∫≡ ⅜ ⌂╢⅜⁸ ╕≢

─ 10 ה ⌐⅔™≡│⁸ ⌐╟╢ │ 37 54 ─

≢ ╠╣╢↓≤⅜╦⅛∫√⁹MA ─ ⌐╟╢ │ 1 ≢№∫√ ⁸

─ ⌐╟╢ ⌐≈™≡│⁸CT⅜ ⅝ↄ⌂∫√ CT20 ќCT30 │

⅜ ⌐ 10 ⇔⁸SD⅜ ⅝ↄ⌂∫√ SD32 ќSD50 │ ⅜ ±

5 ─ ≢ ∆╢↓≤⅜╦⅛∫√⁹╕√⁸ ⌐≈™≡╙⁸ ─

⅜ ≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹ ●ꜝ☻ ╩ ⇔√

│⁸ ─ ⌐╟╡⁸ ≤ ═≡ ─ ╩ 22 42 ─

≢ ≢⅝╢↓≤⅜╦⅛∫√⁹ 

─ ⅛╠⁸ │⁸ ⌐╟╠∏ ⌐ ⅝ↄ ∆╢

↓≤⅜≢⅝⁸MA ≤ ⌐ ●ꜝ☻ ─ ─ ╩ ≤∆╢↓≤

⅛╠⁸ ⌐╙ ⅝ↄ ≢⅝╢↓≤⅜╦⅛∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3.5.1 - 7 

 

 3.5.1 - 1 ⌐⅔↑╢ 3  

 

 

 3.5.1 - 2 ⌐⅔↑╢ 3  

 

 



 

 

3.5.1 - 8 

 

 

3.5.1 - 3 3 ☻כ◔ 1⁸2  

1 -

2 -

3

4 -

5 - 100%(0%) 5%(95%) 100%(0%) 5%(95%)

6 m 7.10(3.2d) 7.10(3.2d) 6.66(3d) 6.66(3d)

7 m 13(2.6D) 13(2.6D) 13(2.6D) 13(2.6D)

8 - 2 2 2 2

9 m2 46.2 46.2 43.3 43.3 *1

10 % 100 143 100 165

11 95.8 96.4 92.1 92.5

12 20 20 30 20

13 - 1 0.706 1 0.610

No

 

 

3.5.1 - ☻כ◔ 4 1⁸2  

m2 46.2 46.2 43.3 43.3

100 20 100 20

4 0.8 4 0.8

km2 1.85 0.370 1.73 0.346

m2 46.2 43.3

80 80

0.706 0.610

0 2.26 0 1.95

km2 0 1.04 0 0.845

4 3.06 4 2.75

km2 1.85 1.41 1.73 1.19

- 1 0.765 1 0.688

MA

MA

 



 

 

3.5.1 - 9 

 

 

3.5.1 - 5 3 ☻כ◔ 3⁸4  

1 -

2 -

3

4 -

5 - 100%(0%) 5%(95%) 100%(0%) 5%(95%)

6 m 7.10(3.2d) 7.10(3.2d) 7.10(3.2d) 7.10(3.2d)

7 m 13(2.6D) 13(2.6D) 13(2.6D) 13(2.6D)

8 - 3 3 3 3

9 m2 30.8 30.8 30.8 30.8 *1

10 % 100 165 100 212

11 95.2 94.2 98.6 98.4

12 40 30 400 30

13 - 1 0.597 1 0.470

No

 

 

3.5.1 - ☻כ◔ 6 3⁸4  

m2 30.8 30.8 30.8 30.8

100 20 100 20

4 0.8 4 0.8

km2 1.23 0.246 1.23 0.246

m2 30.8 30.8

80 80

0.597 0.471

0 1.91 0 1.51

km2 0 0.588 0 0.464

4 2.71 4 2.31

km2 1.23 0.835 1.23 0.711

- 1 0.678 1 0.577

MA

MA

 



 

 

3.5.1 - 10 

 

 

3.5.1 - 7 3 ☻כ◔ 5⁸6  

1 -

2 -

3

4 -

5 - 100%(0%) 5%(95%) 100%(0%) 5%(95%)

6 m 6.66(3d) 6.66(3d) 5.55(2.5d) 5.55(2.5d)

7 m 10(2D) 10(2D) 10(2D) 10(2D)

8 - 1 1 1 1

9 m2 66.6 66.6 55.5 55.5 *1

10 % 100 138 100 160

11 97.2 96.7 96.9 97.5

12 8 10 10 20

13 - 1 0.720 1 0.632

No

 

 

3.5.1 - ☻כ◔ 8 5⁸6  

m2 66.6 66.6 55.5 55.5

100 20 100 20

4 0.8 4 0.8

km2 2.66 0.533 2.22 0.444

m2 66.6 55.5

80 80

0.720 0.632

0 2.30 0 2.02

km2 0 1.53 0 1.12

4 3.10 4 2.82

km2 2.66 2.07 2.22 1.57

- 1 0.776 1 0.706

MA

MA

 



 

 

3.5.1 - 11 

 

 

3.5.1 - 9 3 ☻כ◔ 7⁸8  

1 -

2 -

3

4 -

5 - 100%(0%) 5%(95%) 100%(0%) 5%(95%)

6 m 7.99(3.6d) 7.99(3.6d) 7.99(3.6d) 7.99(3.6d)

7 m 10(2D) 10(2D) 10(2D) 10(2D)

8 - 2 2 2 2

9 m2 40.0 40.0 40.0 40.0 *1

10 % 100 165 100 202

11 96.4 96.9 97.3 97.4

12 30 20 400 30

13 - 1 0.612 1 0.496

No

 

 

3.5.1 - ☻כ◔ 10 7⁸8  

m2 40.0 40.0 40.0 40.0

100 20 100 20

4 0.8 4 0.8

km2 1.60 0.320 1.60 0.320

m2 40.0 40.0

80 80

0.613 0.496

0 1.96 0 1.59

km2 0 0.785 0 0.635

4 2.76 4 2.39

km2 1.60 1.10 1.60 0.955

- 1 0.690 1 0.597

M
A

M
A
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