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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 

 



 

 

2.2- 2 

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 
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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  
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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]  

 

 

 


