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1.  │∂╘⌐ 

1.1 ─  

│⁸ ◦☻♥ⱶ ┘ ─ ◦☻♥ⱶ⌐ ∆╢
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╩ ╘√ ─ ╩ ה ⌐⇔≡⁸ ⌐≈™≡ ∆╢

⅜ ∂√⁹ 

─ ⌐ ∫≡ ∂√♦Ⱪꜞ╩≥─╟℮⌐ ה ה

∆╢⅛│⁸ ≢│ ╕∫≡™⌂™⅜⁸ ⅛≈ ⌐ ה ה ⌂ ⌐

∆╢↓≤⅜ ╕⇔™⁹♦Ⱪꜞ│⁸ ╛ ╩ ╗ ╛ ⅛╠ ╢⅜⁸

U⁸Pu ┘ ™ ╛ ╩ ∆╢ Fission Product

FP ⁸ⱴ▬♫כ▪◒♅♬♪ Minor Actinide MA ╩ ⇔≡⅔╡⁸ ─ ╛

⅜ ⌂╕╕ ∆╢↓≤│⁸ ⁸ ─ ⅛╠ ─ꜞ☻◒⅜

∂╢↓≤⌐⌂╢⁹╕√⁸ ⁸ ─ ╙ ↕╣╢⁹ ─↓≤⅛╠⁸

╩ ⌐ ↕∑╢√╘⌐│⁸♦Ⱪꜞ╩ ⌂ ⌐ ∆╢

↓≤⅜ ≤⌂╢⁹ 

⌐⅔™≡⁸ ꜟ▬ⱴכꜞ☻ 2 ─ ≢ ⇔√♦Ⱪꜞ╩

─ ≢ ⌐ ∆╢↓≤⅜ ╖╠╣√⅜ ⅜ ↄ⁸♦Ⱪꜞ─ │ ⌐

≢№╢≤ ⅎ╠╣≡™╢⁹╕√⁸ ⌐╟╢♦Ⱪꜞ⌐│⁸

⌐ ℮ ╛◖fi◒ꜞכ♩ ╙ ≤⇔≡ ╕╣≡™╢≤ כꜞ☻⁸╡⅔≡╣↕

ⱴ▬ꜟ ─♦Ⱪꜞ ⌐ ⅜ ≢№╢≤ ⅎ╠╣≡™╢⁹↕╠⌐│⁸

─ ╙ ↕╣╢⁹ 

↓─√╘⁸ ─ ≢│ ⌂♦Ⱪꜞ╩ ⌂ ⌐ ∆╢√╘─ ─

⅜ ≢№╡⁸ ⌂ ≤ ⅎ╠╣╢ⱨ♇ ╩ ™√ ─ ╩ ╘╢

⅜№╢⁹ⱨ♇ ●☻│ ─ ⌐ ═≡ ⌐ ⌂●☻≢№╡⁸№╠╝╢

≤ ∆╢⁹ⱨ♇ ●☻╩♦Ⱪꜞ⌐ ↕∑≡♦Ⱪꜞ╩ ⱨ♇ ⌐⇔⁸∕─

⌐ ∆╢↓≤⌐╟╡⁸ ╩ ⇔≡♦Ⱪꜞ─ ╩ ╡⁸ ─ ╩ ⌐

⇔⁸♦Ⱪꜞ╩ ⌐ ⅛≈ ⌂ ≤∆╢⁹↓─ⱨ♇ ⌐╟╡⁸

♦Ⱪꜞ╩ ה ה ה ─™∏╣⌐╙ ⇔√ ≤∆╢↓≤⅜ ≤⌂

╢⁹ 

│⁸ ─ ╡ ₁ ─ ה ה ⌐ ⌂↓≤⅛╠⁸ ─

─♦Ⱪꜞ ∞↑≢⌂ↄ⁸ ≤ ╛ ─ ⌂╢ ≢

∂√♦Ⱪꜞ─ ⌐╙ ⌂ ≢№╢⁹ ╩ ↓↕⌂™√╘─ │

≢№╢⅜⁸ ⅜ ⅜ ⇔♦Ⱪꜞ⅜ ∂√≤⇔≡╙⁸ ⅛≈ ⌐

ה ≢⅝╢ ╩ ⇔≡™╢↓≤│⁸ ─ ◦☻♥ⱶ─ ≢№╢⁹ 

╕√⁸ ─ ⌐ ╣√ ╛◖▪◐ꜗ♇♅ꜗ⅜ ↕╣≡™╢⅜⁸

≤─ ⌐ ∆╢ ╛ ─♦Ⱪꜞ ⌐ ╩ №╢™│ ⇔

╛∆™ ╩⁸ ╩ ╘╢↓≤⌐╟╡ ∆╢↓≤⅜≢⅝╢⁹ 
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1.2 ─  

≢│⁸↓╣╕≢ ≢ ⌂ ≤⇔≡

⇔≡⅝√ⱨ♇ ─ ┘ ╩ ⇔⁸ ⌐╟╢♦Ⱪꜞ

╩ ⇔⁸ ─ ⌐ ∆╢╙─≢№╢⁹ⱨ♇ ╩ ™√♦Ⱪꜞ

─ ⱪ꜡☿☻ⱨ꜡כ╩ 1- 1⁸♦Ⱪꜞ ─ⱨ♇ ≤ ─ ╩ 1- 1

⌐ ∆⁹ 1- 1 ╟╡♦Ⱪꜞ │ⱨ♇ F2≤ ⇔≡ ה ה ה ─ⱨ♇ ≤⌂

╡⁸ 1- 1 ⌐ ∆ ⱨ꜡כ≢ ─ U⁸Pu╩ ─ ⅛╠ ≢⅝╢↓≤⅜

⅛╢⁹∆⌂╦∟⁸♦Ⱪꜞ─ ≤ ╩ ⌐ ≢⅝╢⁹╕√⁸ ⅛≈

⌂ ┼─ ⌐╟╡⁸ ─ ◦♫ꜞ○ ⁸ ⁸

⌐ ⌐ ≢⅝╢⁹√∞⇔⁸ ─ ♦Ⱪꜞ┼─ │ ≢№╢⁹ 

─ │⁸( 1) ♦Ⱪꜞ─ⱨ♇ ⁸( 2) ⱨ♇ ─ ⁸

( 3) ╩ ⇔⁸ ─ ╩ ╠⅛⌐∆╢↓≤≢№╢⁹ ≢│⁸

─ ⅛╠─ ה ⌐ ↑√ ─ ⁸ ⌐

Japan Atomic Energy Agency JAEA ⅜ ≤⌂╡ ↕╣≡™╢♦Ⱪꜞ

ה ⌐ ╦╢ ≤ ╩ ∫≡ ╘≡™ↄ√╘⌐⁸ ⌐ 1 ⁸JAEA⁸

⁸ ─ ⌐╟╢ ╩ ↑≡⁸ ─ ┘ ─♅▼♇

כꜙⱦ꜠ה♪fi▪ה◒ Check and Review C&R ╩ ↑⁸╟╡ ⌂ ╩ ╘╢ ≢

№╢⁹ 

╕√⁸ ┘ ─ ™╛ ⱨ♇ ─ │⁸ ─

─ ⁸ ה ⌐⅔↑╢ ┼╙ ≢№╡⁸ ─ ⌐

╦╢ ╛ ⁸ ─ ה ┼─ ╙ ∆⁹ 

 

( ) CT( ) U, Pu, FP

B, C, Cl & F2

F2

(Zr, FP, MA, Na)

U, Pu, FP, B, C,Cl
♦Ⱪꜞ
SF U,Pu,FP,MA

Zr

SUS,B4C

Na,Cl

⌐╟∫≡│
Si,Ca

( )
B, C, Cl, F2

CT

( etc.)

U, Pu, FP

◔

☻

◔

☻

◔

☻

◔

☻

β

β ☻כ◔

 

1- 1 ⱨ♇ ╩ ™√♦Ⱪꜞ ─ ⱨ꜡כ≤  



  

 

1
-3 

 

1- 1 ♦Ⱪꜞ ─ⱨ♇ ≤ ─  

kJ/mol kJ/mol

U UO2+3F2 = UF6 + O2 -969.739 -1001.069 56.5

Pu PuO2+3F2 = PuF6 + O2 -663.408 -695.347 62.2

UO2-PuO2 (UxPuy)O2(x+y) + 2(x+y)F2 6 6 + (x+y)O2 -

Cs 0.5Cs2O + 0.5F2 = CsF + 0.25O2 -353.064 -362.655 1231

Sr SrO + F2 = SrF2 + 0.5O2 -563.848 -583.731 2460

Nd 0.5Nd2O3 + 1.5F2 = NdF3 + 0.75O2 -683.563 -712.396 2327

Na
Na + 0.5F2 = NaF

0.5Na2O + 0.5F2 = NaF + 0.25O2

-480.302
-335.537

-511.687
-345.288

1704

Pb Pb + F2 = PbF2 -529.479 -571.567 1293

Bi Bi + 1.5F2 = BiF3 -690.88 -761.867 900(BiF5:230)

Fe 2Fe + 3F2 = 2FeF3 -1678.032 -1808.43 927(mp>1000)

Ni Ni + F2 = NiF2 -511.599 -557.17

Cr Cr + F2 = CrF2 -657.26 -695.838 >1300(CrF4:400)

Zr
ZrO2 + 2F2 = ZrF4 + O2

Zr + 2F2 = ZrF4

-685.119
-1613.85

-724.799
-1709.77

918(mp:1202)

ZrF4~

C C + 2F2 = CF4 -787.271 -833.099 -129

SiC SiC + 4F2 = SiF4 + CF4 -2217.36 -2304.28 SiF4:-86

B4C
B4C + 8F2 = 4BF3 + CF4

B2O3 + 3F2 = 2BF3 + 1.5O2

-5052.83
-1125.734

-5172.76
-1090.678

BF3:-100

Si SiO2 + 2F2 = SiF4 + O2 -738.207 -728.989 -86

Ca CaO + F2 = CaF2 + 0.5O2 -524.183 -542.912 2533

Al 0.5Al2O3 + 1.5F2 = AlF3 + 0.75O2 -572.876 -602.224 1537(mp:1291)

Fe-UO2-PuO2

UxPuy)O2(x+y) 2

6 6 3 + (x+y)O2

-

2-PuO2

UxPuy)O2(x+y) 2

6 6 4 + (x+y)O2

-

-

FP

U, Pu
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2.   

2.1   

≤ ╩ 2- 1⌐ ∆⁹ ≢│⁸(1) ♦Ⱪꜞ─ⱨ♇ ⁸(2)

ⱨ♇ ─ ⁸(3) ⁸(4) ─4 ╩ ꜞ◒כꜙ♬

)כ☺♫◄ה▪ ) Hitachi - GE Nuclear Energy,  Ltd. ⅜ ≤⌂╡⁸

ⱴ♥ꜞ▪ꜟ( ) Mit subishi Mate rials Corporation MMC≤ ⅜ ≤⇔

≡ ∆╢⁹ י4ִ│ ∞∫√⅜⁸ ⌐╟╢ ⌐╟╡ 26 ╟╡5

יִ ⌐ ⇔√⁹ ─ ≤ ╩ 2- 1⌐ ⇔⁸ ⌐≈™≡ ∆

╢⁹ 

 

(1) ♦Ⱪꜞ─ⱨ♇  

ᵑ Ᵽ♇♅  

U ╩ ╗ ♦Ⱪꜞ╩Ᵽ♇♅ ⌐ ⇔⁸600ϴ ╕≢ ⇔⁸ⱨ♇ ●☻╩

∆╢↓≤⌐╟╡⁸ ♦Ⱪꜞ╩ⱨ♇ ∆╢⁹ ⱨ♇ │⁸ ♇ꜝ♩♪ꜟכ◖│√╕

ⱪ≢ ⇔⁸ ╩ ℮⁹╕√⁸ⱨ♇ ─ⱨ♇ ⌐≈™≡╙ ⇔⁸ ╩ ℮⁹

↓╣╠ ⅛╠ ♦Ⱪꜞ─ⱨ♇ ╩ ∆╢⁹ ≢│⁸ [1⁸2]≢

⇔√ 2- 2 ╩ ⇔⁸ ₁ ─ ♦Ⱪꜞ─ⱨ♇ ╩ ∆╢

╩ ∆╢⁹ ─ ≢│⁸♦Ⱪꜞⱨ♇ ─Ᵽ♇♅ │ ⌐ ∆╢⅜⁸∕╣

─ⱨ♇ ⁸ ⱨ♇ ─ ה ⁸ⱨ♇ ●☻ ─ │

╩ ∆╢⁹ │⁸ [1⁸2]≢ⱨ♇ ה ╩ ⇔√ ─№╢

Nippon Nuclear Fuel Development Co., Ltd. NFD ≢ ≤⇔≡

∆╢⁹ ♦Ⱪꜞ─ ⌐≈™≡╙⁸ ™ ─ ⌂ NFD⌐≡ ∆╢⁹

⁸ │⁸ ⅜ ℮⁹ 

♦Ⱪꜞ─ ה ⌐≈™≡│⁸ ↕╣≡™╢ ─ ╛⁸

JAEA ⌐⅔↑╢♦Ⱪꜞ ─ R&D Research and Development ─ ╩

⇔≡™⅝⁸FBR≢ ∆╢≤ ↕╣╢♦Ⱪꜞ╛ ≢ ∂√♦Ⱪꜞ╩

⇔√╙─≤⇔⁸ ≢ ╩ ⇔≡™╢ ⌐⅔™≡⁸ ─

⁸ ╩ ╕ⅎ≡ ⇔≡™ↄ⁹ 

ᵒ Pu  

≢│⁸Pu─ ╩ ∆╢√╘ Pu ♦Ⱪꜞ─ⱨ♇ ╩ ⇔⁸Pu

⌐╟╢♦Ⱪꜞⱨ♇ ┼─ ╩ ℮⁹ │꜡◦▪ Research 

Institute of Atomic Reactors RIAR ≢ ≤⇔≡ ∆╢ ∞∫√⅜⁸ 27

⌐꜡◦▪ ⌐╟╡ ≤⌂∫√√╘⁸ ╩♅▼◖

Research Centre Rez Rez ⌐ ⇔ ∆╢⁹ ⁸ │⁸

⅜ ℮⁹ ─(1) ᵑᵒ─ │⁸ ⅜ ∆╢⁹ 

 

(2) ⱨ♇ ─ : ⱴ♥ꜞ▪ꜟ  

≢│⁸ ⱨ♇ ─ ╩ ∆╢ ╩ ∆╢⁹ ≢│⁸

[1⁸2]≢ ⇔√Ⱳכ♩ ┘ 2- 3 ╩ ⇔⁸ ╩
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∆╢⁹ │⁸MMC⅜ ∆╢⁹ 

(3) :  

≢│⁸♦Ⱪꜞ─ⱨ♇ ⱪ꜡☿☻─ ┘ⱨ♇ ╩ ℮⁹ ⌐

√∫≡│⁸ ↄ⁸⌂≢↑∞♃כ♦ ╩ ⇔⁸ ╩♃כ♦⌂ ∆╢⁹ ≢│⁸

[1] ≢ ⇔√ 2- 4 ╩ ⇔⁸ ╩ ∆╢⁹╕√⁸ (1) ─

⌐≈™≡╙⁸ ╙ ╕ⅎ≡ ┘ⱨ♇ ╩ ℮⁹ │⁸

⅜ ∆╢⁹ 

 

(4)  

─ ⌐ √∫≡⁸ ⁸ ⁸JAEA ─ ─ 10 ⅛╠

↕╣╢ ╩ ⇔ │ ⁹ ⁸ ⌐ 1 ⁸ ⌐ 2 ⇔⁸

─ ⁸ ⌐≈™≡ ꜠ⱦꜙ⁸™╠╙≡⇔כ ⌐ ∆╢⁹ 

 

2.2  

 ( 1)  ♦Ⱪꜞ─ⱨ♇  

ה  25  

   Ᵽ♇♅ ⱨ♇ ─√╘─ ─ ⁸ ⁸ ╩ ⇔≡⁸ⱨ♇

─ ה ╩ ℮≤≤╙⌐ ─ ╩ ∆╢⁹╕√⁸ⱨ♇ ⌐

™╢ ♦Ⱪꜞ─ ╩ ∆╢⁹ 

ה  26  

 ᵑⱣ♇♅ 25 ⌐ ⇔√ⱨ♇ ╩ ™≡⁸ⱨ♇ ⁸

♪ꜟכ◖ ⱨ♇ ─ ╩ ∆╢≤≤╙⌐⁸ 27 ⌐ ─ ♦Ⱪ

ꜞⱨ♇ ≢ ∆╢ ♦Ⱪꜞ─ ╩ ℮⁹ 

 ᵒPu ►ꜝfi ♦Ⱪꜞ─ ♇ⱨה ─ ╩ ⇔√ ≢⁸꜡

◦▪≢─ ⌐ ™╢ⱪꜟ♩♬►ⱶ Pu ♦Ⱪꜞ─ ♇ⱨה ┘

⌐≈™≡ ⇔⁸ 27 ⌐ ∆╢ Pu ─ ╩ ℮⁹ 

ה 27  

 ᵑⱣ♇♅ 25 ⌐ ⇔√ⱨ♇ ╩ ™≡⁸ 26 ⌐

⇔√ ♦Ⱪꜞ─ⱨ♇ ╩ ℮≤≤╙⌐⁸ 28 ⌐ ─

♦Ⱪꜞⱨ♇ ≢ ∆╢ ♦Ⱪꜞ─ ╩ ℮⁹ 

 ᵒPu Pu ─ ≤⇔≡⁸Pu╩ ╗ ♦Ⱪꜞ─ ┘ⱨ♇ ╩ ∆╢

─ ╩ ℮⁹ 

ה  28  

 ᵑⱣ♇♅ ⱨ♇ ╩ ™≡⁸ 27 ⌐ ⇔√

♦Ⱪꜞ─ⱨ♇ ╩ ℮≤≤╙⌐⁸ 29 ⌐ ─ ♦Ⱪꜞⱨ♇ ≢

∆╢ ♦Ⱪꜞ─ ╩ ℮⁹ 

 ᵒPu 26 ┘ 27 ─ ╩ ⌐⁸Pu ⱨ♇ ╩

⇔≡ ╩ ∆╢≤≤╙⌐⁸Pu╩ ╗ ♦Ⱪꜞ─ ╩ ℮⁹ 

ה 29  
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 ᵑⱣ♇♅ ⱨ♇ ╩ ™≡⁸ 28 ⌐ ⇔√

♦Ⱪꜞ─ⱨ♇ ╩ ℮≤≤╙⌐⁸ ╕≤╘╩ ℮⁹ 

 ᵒPu 28 ⌐ ⇔√ Pu ⱨ♇ ╩ ™≡⁸ 28 ⌐ ⇔√

Pu╩ ╗ ♦Ⱪꜞ─ⱨ♇ ╩ ℮≤≤╙⌐⁸ ╕≤╘╩ ℮⁹ 

 

(2)  ⱨ♇ ─ ⱴ♥ꜞ▪ꜟ  

ה  25  

  ⱨ♇ ╩ ™√ ─ ╩ ≡╢⁹╕√⁸ ⌐╟╡ⱨ♇ ─

┼─ ╩ ∆╢⁹ 

ה  26  

  25 ⇔√ ⌐ ≠⅝⁸ ⱨ♇ ♪ꜟכ◖ ─ⱨ♇

─ ╩ ™⁸ ⱨ♇ ─ ┼─ ╩ ∆╢⁹ 

ה  27  

  ⱨ♇ ─ ╩ ™⁸ ⱨ♇ ─ ┼─

╩ ∆╢⁹ 

ה 28  

ⱨ♇ ─ ╩ ™⁸ ⱨ♇ ─ ┼─

╩ ∆╢⁹ 

ה  29  

  ⱨ♇ ─ ╩ ™⁸ ⱨ♇ ─ ┼─

╩ ∆╢≤≤╙⌐⁸ ╕≤╘╩ ℮⁹ 

 

(3)   

ה  25  

  ♦Ⱪꜞ ─ⱨ♇ ─ ╩ ≡╢⁹╕√⁸ⱨ♇ ⌐

☻◒♇ⱩⱲכ꜡◓⌂ ╩ ⅎ ↑⁸ ─ ╩ ∆╢⁹ 

ה  26  

  25 ⌐ ⇔√ⱨ♇ ⌐ ≠⅝⁸♦Ⱪꜞ ─ⱨ♇

╩ ™⁸ⱨ♇ ╩ ⌐ ∆╢⁹ 

ה  27  

  ♦Ⱪꜞ ─ⱨ♇ ╩ ™⁸ⱨ♇ ╩ ⌐ ∆╢⁹ 

ה  28  

  ♦Ⱪꜞ ─ⱨ♇ ╩ ™⁸ⱨ♇ ╩ ⌐ ∆╢⁹ 

ה  29  

  ♦Ⱪꜞ ─ⱨ♇ ─ ⌂ ╩╕≤╘╢⁹ 

 

(4)   

ה  25 29  
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  ─ ≢ ⌐⅔↑╢ ╩ ⌐⇔≡ ╩ ╘╢≤≤╙⌐⁸ ↄ ╩

⅝⌂⅜╠ ╩ ╘╢√╘ ╩ ∆╢⁹ 

 

[1] כ☺♫◄ה▪ꜞ◒כꜙ♬  ⁸ 16 19 ◦

☻♥ⱶ ₈ⱨ♇ ╩ ™√ ⌐ ∆╢

₉ 20 3  

[2] כ☺♫◄ה▪ꜞ◒כꜙ♬  ⁸ 20 22 ◦☻♥ⱶ

₈ⱨ♇ ╩ ™√ ╩ ∆╢ ⌐ ∆╢ ₉

23 3  
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 25  26  27  28  29  

(1) ♦Ⱪꜞ─ⱨ♇  

 

[ ]  

 ᵑⱣ♇♅  

 

 ᵒPu  

 

(2) ⱨ♇ ─ 

 

  [ ⱴ♥ꜞ▪ꜟ]  

 

(3)  

  [ ]  

 

(4)  

  [ ]  

 

ỏ

 

     

 

     

 

 

Pu

 

 

Pu
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Ⱳכ♩  

 ⱩⱲ♇◒☻◦☻♥ⱶכ꜡◓

 



 

3.1 .1 - 1 

3.  ─ ┘  

3.1 ♦Ⱪꜞ─ⱨ♇  

3.1.1  Ᵽ♇♅ H25- H29  

3.1.1.1  ─ H25  

(1)  

─ │⁸♦Ⱪꜞ╩ ─ ⌂ ⌐ ∆╢√╘─ⱨ♇ ─ ≢№╢⁹∆

⌂╦∟⁸♦Ⱪꜞ╩ ⱨ♇ ⌐ ⇔√ ⁸ ⅛≈ ⌂ ⌐ ∆╢

≢№╢⅜⁸↓─ⱨ♇ ⌐⅔™≡⁸ ≢№╢ U≤ Pu⅜ ⱨ♇ ⌐⌂╢↓≤

⌐╟╡⁸ⱨ♇ ─ ⌂♦Ⱪꜞ ≢№╢ Fe╛ Zr ≤ ↕╣⁸ ─ ╩ ⌐

⇔⁸⅛≈ ≤⇔≡♦Ⱪꜞ╩ ≢⅝╢↓≤╩ ⇔≡™╢⁹ 

♦Ⱪꜞ─╟℮⌂ ≤⇔≡ ⅛╠ ╢ ⅛╠ U≤ Pu╩ⱨ♇ ⌐╟╡ ∆╢

≤⇔≡│⁸ⱨ♇ ╩ ™√ ≤⇔≡ ↕╣≡™╢[1⁸2⁸3] ⁹

↓─℮∟⁸FLUOREXHybrid Process of Fluoride Volatility and Solvent Extraction

≢│⁸ ─ U╩ⱨ♇ ⇔≡⅔╡⁸♦Ⱪꜞ⅛╠ U≤ Pu╩ ⱨ♇

∆╢ ♦Ⱪꜞ ≤ ⌐ ⇔≡⅔╡⁸ ≤⌂╢⁹ ⌐⁸500 600ϴ─ ≢⁸ⱨ♇

⅜ ⇔⁸ ♬♇◔ꜟ Ni ⅜ ⌂ ╩ ∆╢↓≤⁸ ┘ ─

─ⱨ♇ ⅜╒╓ ⅛∫≡™╢↓≤│⁸ ⌂ ≢№╢⁹ 

⁸♦Ⱪꜞ ─ⱨ♇ │ ≢№╢≤≤╙⌐⁸FLUOREX ≢ ≤∆╢

│ ⅜ ≢ ┼─ ⅜ ≢№╢─⌐ ⇔⁸ ≢ ≤∆╢ ♦Ⱪꜞ│

╛ ⅜ ≢№╡⁸ ♦Ⱪꜞ─ ╙ ∆╢ ⅜№╢⁹╕√⁸FLUOREX ≢

│ Pu ┘ ─ ⅛╠ ─ U╩ ⇔≡ ∆╢⅜⁸ ♦Ⱪꜞ

≢│ Pu≤ U╩ ⌐ ⇔≡ ╩ ≤⇔⌂™↓≤≢№╢⁹∆⌂╦∟⁸♦Ⱪꜞ

≢│⁸ⱨ♇ ╩ ─ ⌐ ⌂ ≤⇔⁸Pu ╩ ≢│⌂ↄ U≤≤╙⌐

∆╢ ⌂◦☻♥ⱶ ≤∆╢⁹ 

♦Ⱪꜞ╩ⱨ♇ ∆╢ ⌐│⁸FLUOREX ≢ ⇔√ⱨ꜠כⱶ ≢│⌂ↄ♦Ⱪꜞ╩

∆╢ ─ ╩ ™╣┌ ≤ ⅎ╢⁹╕√⁸UF6 ╟╡ ≢ ⌂ PuF6 ╩

UF6≤≤╙⌐ ↕∑╢√╘⌐│⁸FLUOREX ≢ ⇔√ⱨ꜠כⱶ ─ PuF6 ╛●☻

─ UO2F2╩ ≤∆╢ Pu♩ꜝ♇ⱪ╩ ∆╢ ⅜№╢⁹↕╠⌐⁸UF6 ─

♩ꜝ♇ⱪ╩ ≢№╡⁸◦☻♥ⱶ╩ ≢⅝╢⁹ 

⁸ ⌐╟╡⁸ ─ ≤⇔≡ ↕╣√ │ ─ 4 ≢№╢⁹ 

 1) 600ϴ ≢─ ♦Ⱪꜞ─ⱨ♇ ⌐╟╡U⅜ ↕╣╢↓≤╩ ∆╢⁹ 

 2) ♦Ⱪꜞ╩ ⇔⁸ ⁸ⱳ♇♩ ╩ ™╢⁹ 

 3) Pu╛♦Ⱪꜞ ─ ╩ ⇔⁸●☻ ╩ ∆╢⁹ 

 4) Pu≤ U╩ ⌂◦☻♥ⱶ ≤∆╢⁹ 

  

(2)   

 ≢ ⇔√ ♦Ⱪꜞⱨ♇ ─ ⌐ ≠⅝⁸ ─ ≢ ⇔√

FLUOREX ╩ ⇔√ ╩ 3.1. 1. 1- 1 ⌐ ∆⁹⌂⅔⁸ ⌂ ─

┘ ─ ⌐≈™≡│ 3.1.1.2 ≢⅔™≡ ∆╢⁹ 



 

3.1 .1 - 2 

3.1. 1. 1- 1 ⌐⁸♦Ⱪꜞⱨ♇ ─ ≤ FLUOREX ⅛╠ ⇔√ ╩

∆⁹ ─ ⌐│↓─ ⌐ⱨ♇ ⅜№╢⁹ⱳ♇♩ ─♦Ⱪꜞⱨ♇ │⁸

◦☻♥ⱶ fiꜟ◐כꜞ♃כ꜡⁸ ≤ ⌐ ─♦Ⱪꜞ╩ ⅎ╢ ≤⇔√⁹↓─

│⁸ ╩ 500 600ϴ ⌐ ∆╢ ⅜№╡⁸ Ni ─ⱳ♇♩ ⱨ♇ ≤

⇔√⁹ⱨ♇ ─ ⌐│⁸UF6●☻⌐ ∆╢ ╩ ∆╢√╘─ ⱨ▫

ꜟ♃╩ ↑√⁹UO2F2♩ꜝ♇ⱪ≤ NaF♩ꜝ♇ⱪ- A │♦Ⱪꜞⱨ♇ ≢│ ─√╘ ≤

⇔√⁹U ⱪ♇ꜝ♩♪ꜟכ◖─ Cold Trap CT │⁸ │- 60 - 80ϴ⌐ ⇔≡ UF6╩

↕∑╢⁹↓─ ⌐⁸ ─ Te╛ B⁸C⁸Si ─ⱨ♇ │ CT⌐ ↕╣∏⁸

─ NaF♩ꜝ♇ⱪ- B ─ ┼ ∆╢⁹NaF♩ꜝ♇ⱪ- B │ 100ϴ⌐ ↕╣⁸CT

≢ ⇔⅝╣⌂⅛∫√ U╩ ∆╢⁹NaF│ 300ϴ⅛╠ 400ϴ≢│ U UF6 ╩ ∑∏ FP╩

∆╢⅜⁸ ≢│ ⌐ U╩ ⇔ FP╩ ⇔⌂™[2] ⁹NaF♩ꜝ♇ⱪ- B─ ╤─

│ ─ ≢│ ⇔⌂™⅜⁸ ◦☻♥ⱶ≢│ ≢ ─№╢ BF3⁸CF4⁸SiF4

╩ ™╢↓≤╩ ⇔≡™╢⁹ⱨ♇ ─ U─ ⌐ ™√⁸MgF2⁸BaF2

│ ─ ≢│ ⇔√⁹ ▪ꜟⱵ♫♩ꜝ♇ⱪ│ ─ⱨ♇ ╩ ∆╢√╘─

≢№╢⁹ ▪ꜟⱵ♫♩ꜝ♇ⱪ≤♁כ♄ꜝ▬ⱶ♩ꜝ♇ⱪ─ ⌐│⁸ ≢│ ↕╣≡™╢⅜⁸

Ᵽ♇ⱨ□ ─○ⱨ●☻( Offgas O.G.) ⅜ ↕╣≡™╢⁹ 

 

(3) ה   

 ≤⇔≡│⁸♦Ⱪꜞⱨ♇ ⌐ ♦Ⱪꜞ╩ ⇔≡ 600ϴ⌐ ⇔√ ⁸100 F2

●☻╩ⱨ♇ ⌐ ⇔≡ⱨ♇ ╩ ↓↕∑╢⁹ ⁸U ⱴ☻Ᵽꜝfi☻╩ ∆╢

√╘♦Ⱪꜞⱨ♇ ⌐ ⇔√ U⁸◖כꜟ♪♩ꜝ♇ⱪ⌐ ↕╣√ U╩ ∆╢⁹╕√⁸

─ ╩ ∆╢√╘⁸ ┘ ⌐ ╕╣╢ ╩ ∆╢⁹ 

 ≤⇔≡│⁸U ─♦Ⱪꜞ ─ⱨ♇ ⁸ ╩ ⌐ ∆╢

√╘⁸ ⅜ ™≤ ↕╣⁸ ╩ ≢⅝╢ ─ ╩ ™╢ ⁸

─ ╙ ⇔⁸ ≤─ ™╩ ∆╢⁹ ⁹ │⁸ ≤∆╢√

╘ ╩ ↕ↄ ⅎ╢↓≤─≢⅝╢ g ≤∆╢⁹ 

 

ה (4)  

⌐ ™╢ ♦Ⱪꜞ≤⇔≡│⁸ ─ FBR╛ LWR─ ⌐ ∆╢≤ ↕╣╢

♦Ⱪꜞ ⌐ ™╙─╩ ∆╢⁹ ♦Ⱪꜞ─ │ 3.1.1.2 ≢ ∆╢─≢⁸

≢│ ─ ⌐≈™≡ ═╢⁹ 

3.1.1 .1 - 2 ⌐ ≤ ↕╣╢♦Ⱪꜞ ╩ ∆⁹ │ ⇔√ ⅜ ⇔

∆╢ ╩⁸ ⌐ ∫≡ ⇔≡™╢⁹ ┘ │ ─ ⌐ ⇔≡

╕√│♦Ⱪꜞ≤ ∆╢ ⌂ ╩∕╣∙╣ FBR ┘ LWR⌐≈™≡ ⇔≡™╢⁹ ⌐ ↕

╣≡™╢ │⁸ ─ 3.1.1 .1 - 3 ⌐ ⇔√ ♦Ⱪꜞ─♃▬ⱪ⌐ ⇔⁸∕─ ≢ ∆

╢≤ ↕╣╢♦Ⱪꜞ╩≥─╟℮⌐ ∆╢⅛╩ ⇔≡™╢⁹ 

ⅎ┌⁸ 3.1.1 .1 - 2 ─ ─ 2 │⁸FBR─ ≢№╢ SUS ☻♥fi꜠☻

Stainless Steel ⁸ODS Oxide Dispersion Strengthened ≤

─ ─ ≤⇔≡⁸No.1 UO2- Fe ⁸No.2 UO2- SUS ⁸No.6 UO2- Fe- FP ⁸No.8



 

3.1 .1 - 3 

UO2- Fe ─ ─ ♦Ⱪꜞ╩ ™≡⁸ ╩ ℮↓≤╩ ∆⁹No.1 ┘ No.2 │ SUS

≤ UO2─ ╩⁸Fe ┘ ⌐ ⇔≡ ♦Ⱪꜞ≤⇔√╙─≢№╢⁹No.6 │ FP─

╩ ∆╢√╘ No.1⌐ FP─ ╩ ⅎ√╙─≢№╢⁹ ≢│ ≤⇔≡ ─

╩ ™╢⅜⁸No.8 │ No.1 ─ ♦Ⱪꜞ╩ ≢ⱨ♇ ∆╢√╘─ ≢№╢⁹No.3 │ No.1

─♦Ⱪꜞ⅜ ⌐╟╡ ↕╣√ ╩ ⇔≡™╢⁹ 

⅜ ∆╢≤⁸♦Ⱪꜞ│ ⌐ ⅝⁸ ⁸♅ꜗfiⱠꜟⱲ♇◒☻⁸

⁸ ⁸ ⁸◖▪◐ꜗ♇♅ꜗ⌐ ⇔≡™ↄ⁹↓─ ≢ Na⁸B4C⁸◖fi◒ꜞכ♩≤

╙ ⅜ ∂⁸ ↕╣╢♦Ⱪꜞ─ ╩ ⇔≡⁸No.4 UO2- Fe- Na ⁸No.5 UO2- Fe-

B4C ⁸No.7 UO2- Fe- Al 2O3 ╩ ♦Ⱪꜞ≤⇔≡ ⇔√⁹ 

 │ LWR♦Ⱪꜞ ≢№╢⁹ │☺ꜟ◌꜡▬≢⁸ ─♦Ⱪꜞ─ ╩

ZrO2≤⇔√ No.9 UO2- ZrO2 ─ ♦Ⱪꜞ╩ ≤⇔√⁹╕√⁸ │ SiC ╩ ≤∆╢

╙№╢√╘⁸No.14 UO2- SiC ─ ╙ ♦Ⱪꜞ≤⇔≡ ⇔√⁹LWR≢╙⁸♅ꜗfiⱠ

ꜟⱲ♇◒☻⅛╠ ⁸ ⁸ ⁸◖▪◐ꜗ♇♅ꜗ ≤ ⅜ ╖⁸UO2≤ ZrO2

⌐ ⅎ≡ SUS Fe ╛ B4C╩ ╗♦Ⱪꜞ⅜ ∆╢⁹FBR─ ♦Ⱪꜞ≢│⁸FP─

╩ UO2≤ Fe─ No.6)⌐⅔™≡ ∆╢ ≢№╢⅜⁸LWR ≢│ B4C╙ ⌐ ╗ ≢

∆╢⁹ ─ ╩ ╕ⅎ≡⁸No.10 UO2- ZrO2- Fe ⁸No.11 UO2- ZrO2- Fe- B4C ⁸No.12

UO2- ZrO2- Fe- B4C- FP ⁸No.13 UO2- ZrO2- Fe 2000 2200ϴ ╩ ♦Ⱪꜞ≤⇔≡ ⇔√⁹

No.13─ ♦Ⱪꜞ│⁸ │ No.10≤ ∂≢№╢⅜⁸♦Ⱪꜞ⅜ ↕╣╢ ─ ─ ╩

∆╢√╘⁸ ─ ⅜ 1700ϴ≢ ↕╣╢─⌐ ⇔⁸╟╡ ≢ ⇔√╙─≢№╢⁹ 

 ↕╠⌐⁸ ≤⇔≡⁸UO2 No.15 ⁸ ─ UO2- ZrO2 No.16⁸

No.13≤ ⌐ 2200ϴ≢ ⁹ ╩ ♦Ⱪꜞ≤⇔≡ ⇔ⱨ♇ ╩ ∆╢⁹⌂⅔⁸

⌐ ╦╢ ⌐≈™≡│⁸ 25 [ 4] ⌐ ∆⁹ 
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F2

 

 

 

3.1. 1. 1- 1 ♦Ⱪꜞⱨ♇ ─  

 

 

 



  

3.1.1 - 5 

 

 

 

  *1 / ⱨ♇ /ⱨ♇ │ ╩  

  *2 Na│ ∆╢≤  

  *3 Na≤ B4C│ ∆╢≤  

  *4 SiO2≤CaO│ ╩  

  *5 ╩  

  *6 ∆╢≤  

 

 

3.1. 1. 1- 2 ≤ ∆╢♦Ⱪꜞ⌐ ∆╢  

 

 

 



  

3.1.1 - 6 

 

 

 

 

2-Fe 50-50

2-SUS 50-50

3O8-Fe 2O3 50-50

2-Fe-Na 48-48-4

2-Fe-B 4C 48-48-4

2 48-48-4

2-Fe-Al 2O3 33-33-33

2 50-50

2-ZrO 2 50-50

2-ZrO 2-Fe 33-33-33

2-ZrO 2-Fe-B 4C 32-32-32-4

2-ZrO 2-Fe-B 4C-FP 32-32-32-2-2

2-ZrO 2 33-33-33

2-SiC 50-50

2 100

2-ZrO 2 50-50  

 

 

3.1.1 .1 - 3 ⌐ ∫≡ ⇔√ ♦Ⱪꜞ─♃▬ⱪ 



  

3.1.1 - 7 

 

3.1.1.2  H25- H26  

( 1)  

 ♦Ⱪꜞ ─ ─ⱨ♇ ╩ ∆╢√╘⌐ ⁸ ⇔√♦Ⱪꜞⱨ♇

⌐≈™≡ ⌐ ∆╢⁹ │⁸ [1] ≢ ⇔√ⱨ꜠כⱶ ╩

⇔⁸∕↓⌐♦Ⱪꜞⱨ♇ ╛ U ┘ ─ⱨ♇ ╩ ⁸ ∆╢ ₁♩ꜝ♇ⱪ

╩ ╖ ╪≢⁸♦Ⱪꜞⱨ♇ ⌐ ↕∑√╙─≢№╢⁹ 

 ♦Ⱪꜞⱨ♇ ─ ⱨ꜡כ ┘ ╩⁸ 3.1.1.2 - 1 ┘ 3.1.1.2 - 2

3 ⌐ ∆⁹⌂⅔⁸ ─ ⌐≈™≡│⁸ ─ 25 [2] ⌐

∆⁹ │⁸ 3.1.1.2 - 1 ─ ⅛╠⁸ᵑF2 ⁸ᵒⱨ♇ ⁸ᵓ

●☻ ⁸ᵔO.G. ─ 4 ≈⌐ ↕╣╢⁹↓─℮∟⁸ᵒ≤ᵓ⅜ ≢ √⌐ ⁸

⇔√ ≢№╢⁹♦Ⱪꜞⱨ♇ ≢ ∆╢ │⁸ [1] ─ 1/10 ─

⌐⌂╢√╘⁸ ╩ ╡ ⇔√ ≤⌂∫≡™╢⁹ᵑ≤ᵔ│ [1] ─

╩∕─╕╕ ⇔≡™╢⁹ 

ᵑF2 │ F2Ⱳfiⱬ≤Ⱳfiⱬ◐ꜗⱦⱠ♇♩⁸ᵒⱨ♇ │ F2 ≤♦Ⱪꜞⱨ♇

≢ ↕╣⁸ ♦Ⱪꜞ ╩ ⇔√ ╩ ⌐ ⇔√ ⁸ ⇔√ F2

●☻╩ ≢ ⇔≡ⱨ♇ ↕∑╢⁹ᵓ ●☻ │⁸ⱨ▫ꜟ♃⁸UO2F2 ♩ꜝ♇ⱪ⁸

NaF♩ꜝ♇ⱪ- A⁸B⁸CT⁸ - A⁸B⁸ ▪ꜟⱵ♫♩ꜝ♇ⱪ≢ ↕╣╢⁹♩ꜝ♇ⱪ⁸

│⁸ ╩ ⇔≡ ⱨ♇ ╩ ⁸ ∆╢⁹╕√⁸CT⌐│ 70ϴ

╩ ⇔⁸ⱨ♇ ⌐ UF6 ╩ ∆╢⁹ ●☻ ─♩ꜝ♇ⱪ │⁸

3.1. 1. 2- 1 ⌐ ⇔√ ⱨ꜡כ─ ⌐ ╢ⱷ▬fiꜝ▬fi⅛╠ ⇔≡ ↑≡⅔╡⁸∕╣∙╣

⌐ ╩ ╢ⱣꜟⱩ⅜ ↑≡№╢─≢⁸ ⌐╟∫≡ ⇔⌂™♩ꜝ♇ⱪ╩Ᵽ▬Ɽ☻↕

∑≡ ≢⅝╢⁹ᵔ○ⱨ●☻ │⁸ Ᵽ♇ⱨ□⁸ ⁸O.G. NaF- A⁸B⁸O.G.

▪ꜟⱵ♫- A⁸B⁸ ⱳfiⱪ⁸♁כ♄ꜝ▬ⱶ♩ꜝ♇ⱪ⁸ ◄▪ High Effic iency 

Particulate Air HEPA ⱨ▫ꜟ♃⁸ ⱨ□fi≢ ↕╣╢⁹ ⁸O.G.NaF- A⁸B⁸

O.G. ▪ꜟⱵ♫- A⁸B│⁸ ●☻ ≢─ⱨ♇ ┘ F2─ ⅜ ⌂ ─Ᵽ♇◒

▪♇ⱪ ≤⇔≡ ⇔≡™╢⁹ 

F2Ⱳfiⱬ ┘ │⁸Ⱳfiⱬ◐ꜗⱦⱠ♇♩ ┘♪ꜝⱨ♩ꜟכⱶ⌐ ↕╣⁸∕─ ꜝ

▬fi│ O.G. ⱶ♩ꜝ♇ⱪ⁸HEPAⱨ▫ꜟ♃⁸▬ꜝ♄כ♁─ ⱨ□fi⌐ ↕╣≡™╢─

ⱶכꜟ⁸≢ │ ⌐ ↕╣≡™╢⁹ ⁸F2●☻⅜ ╣√ ♇ꜝ♩ⱶ▬ꜝ♄כ♁⁸│⌐

ⱪ⅜ ╩ ⌡≡™╢─≢⁸↓↓≢ F2●☻⅜ ↕╣≡⁸∕╣ ⌐│ ⇔⌂™⁹╕

ⱶכꜟ⁸√ ⌐│⁸F2 ⅜ ↕╣≡⅔╡⁸ ↕╣╢≤ ╩ ∆╢≤≤╙⌐⁸F2●

☻─ ┘ⱥכ♃ ─ ─▬fi♃כ꜡♇◒⅜ ↑≡№╢⁹∕╣ ⌐╙ ⌐

∆╢√╘─ ⅜ ↕╣≡™╢⁹↓╣╠│ [1] ≢─ⱨ♇ ™ ╩

⇔√╙─≢№╢⁹ 

F2●☻⅜ ∆╢ ⁸ ─ ⌐≈™≡│⁸ ⱨ♇ ╩ ⇔⁸Ni ⁸Ɫ☻♥꜡

▬ ⁸SUS316 ⁸SUS304 ╩ ™⁸ ⌐ 350ϴ ─ ⌐≈™≡│ ≢─ ⱨ♇

⌐ ╣√ Ni ╩ ⇔≡™╢⁹╕√⁸ ⱨꜝfi☺─●☻◔♇♩⌐│⁸ ≢ ⅜ ╛

∆™ ●☻◔♇♩╩ ⇔≡™╢⁹√∞⇔⁸ ⱨ♇ │ ─ ╟╡ ╢↓≤⅛╠⁸1

⌐ ∆╢ ⌐⇔≡™╢⁹ ⌐⁸ⱨ♇ ─ ─ ⁸ ⌐≈™≡╕



  

3.1.1 - 8 

 

≤╘√╙─╩ 3.1.1.2 - 1⌐ ∆⁹ 

( 2)  

≢ ⁸ ⁸ ⇔√♦Ⱪꜞⱨ♇ ⌐≈™≡⁸ ⌐╟╢

╩ ⇔⁸ ┘ ─ ╩ ⌐ ⇔√⁹ ⇔√ │⁸ᵑ

⁸ᵒ ⅝ ⁸ᵓ ─ 3 ≈≢№╢⁹ᵑ│ ─ ╩ ∆╢╙

─⁸ᵒ│ ─ ⅝ ♩ꜝ♇ⱪ ─ ─ ⌐╟╡ ⌐ ⇔√

─ ⁸ ┘ ─ ●☻─ ─√╘─ ⁹ ╩ ∆╢╙─⁸ᵓ│ ⅜

─ ≢ ≢⅝⁸⅛≈∕─ ⅜ ⇔≡ ≢⅝╢↓≤⁸ ┘∕─ ⌐⅔™

≡⁸ ─ ●☻ Ar ⅜ ⇔≡ ≢⅝╢↓≤╩ ∆╢⁹ 

⌐⅔™≡ ⇔√ ⁸ ┘ ⌐ ™⁸ ╩

⇔√≤↓╤⁸∆═≡─ ⌐⅔™≡ ╩ √∆ ⅜ ╠╣√⁹⌂⅔⁸ ⌂

ה ╛ ⌐≈™≡│⁸ ─ 25 [ 2] ⌐ ∆⁹ 

 

( 3) ♦Ⱪꜞ ─  

ᵑ  

3.1. 1.2- 4 ⌐ ─ ─ ⅎ ╩ ∆⁹ ─ A │ 2 ─ ⅜ 2 ⌐ ⇔

≡™╢ ≢№╢⁹ B │ 2 ─ ⅜ ⌐№╡⁸ ⌐│ 2 ≈─ ⅛╠ ∫

≡™╢⅜⁸ ─ ≤⇔≡ ╢≤ ⅜ ⌐⌂∫≡™╢ ≢№╢⁹ ─ C │ 2

─ ⅜ ꜠ⱬꜟ≢ ⇔⁸ №╢™│ ╩ ⇔≡™╢ ≢№╢⁹ A ─

─♦Ⱪꜞ│∕╣∙╣─ ⌐≈™≡─ⱨ♇ ╛ U ╩ ⅎ╣┌ ↄ⁸ⱨ♇

─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ C │ ⌐╟╡ ─ ≤│ ⌂╢

⅜ ↕╣≡™╢─≢⁸ ─ ─ⱨ♇ ─⧵│≢↑∞♃כ♦ ⅜ ⌐│ ≢⅝⌂™⁹

B │ A ≤ C ─ ≢№╢⅜⁸ ⌐ C ≤ ⌐ ℮⁹ 

─♦Ⱪꜞ─ ⅜ 3.1. 1.2- 4 ─( A)⁸(B)⁸( C)─™∏╣⌐⌂∫≡™╢⅛│ ≢№╢

⅜⁸ ⅜⅛╡│ ZrO2- UO2 ─ ≢№╢⁹ 3.1. 1. 2- 5 ⌐ Yashima╠⅜ ⇔√ ╩ ∆

[ 3] ⁹ ─ᵑ⅛╠ᵖ│⁸ ⅜ ⇔√ ≤ ─▬fi♦♇◒☻≢№╢⁹ ─

┘ ⌐╟∫≡⁸ ₁⌂ ─ ⅜ ∆╢↓≤⅜ ⅛╡⁸2 ─ ⅜

∆╢ B ♃▬ⱪ─╙─╛⁸ ⌂ ⅜ ∆╢ C ─♃▬ⱪ─╙─ ⅜ ∆╢≤ ⅎ

╠╣╢⁹ - UO2 ─ ⌐≈™≡╙⁸ ⇔√ ─ │ ≢№╢⅜⁸UO2- ZrO2 ⌐

⇔≡ 1750ϴ⅛╠ 2200ϴ⌐⅔™≡ - UO2╩ ↕∑⁸≢⅝╢ ╡ ⌂ ╩ ╢↓≤≤

∆╢⁹ ─ ⌐╟╡⁸ ─ ≤⇔≡⁸ ⌐ ⌂╢ ⅜ ∆╢↓≤╩

⇔⁸ ⅜ ⌂ ♦Ⱪꜞ─ⱨ♇ ╩ ∆╢⁹ 

ᵒ ♦Ⱪꜞ ⱨ꜡כ─  

─ ⌐ ≠ↄ ♦Ⱪꜞ─ ⌂ ⱨ꜡⁸≡⇔≥כUO2- ZrO2 ─ ⱨ꜡כ

╩ 3.1. 1.2- 6⌐ ∆ UO2- Fe ⱨ꜡כ╙ 3.1.1.2 - 6≤ ⁹ ⁹ ╩

⇔⁸ ⇔√ ⁸ ╩ ⇔≡ ╩ ╢⁹ ─ │ ⌐

≤⇔⁸ ⌐ ∂≡ ⁸ ⁸ ⌐ ∆╢⁹ │◔ꜝⱴ♇◒☻

╛ ╩ ⇔⁸ ─ ™⌐╟∫≡ ╩ ⇔≡ ∆╢⁹ ⌐≈™≡

│⁸ ⌐╟╡ ⌐ ╩ ™ ∆╢↓≤≤∆╢⁹ ⇔√ │



  

3.1.1 - 9 

 

⁸ ⁸ ◄Ⱡꜟ◑כ X Scanning Electron 

Microscope- Energy Dispersive X - ray spectroscopy SEM/EDX⌐╟╡ ─ ╩ ∆

╢≤≤╙⌐⁸X X- ray Diffraction XRD ⁸ ⱪꜝ☼ⱴ /

Inductively  Coupled Plasma- Mass Spectrometry/ Atomic Emission Spectorometry ICP-

MS/AES⌐╟╡ ─ ה ╩ ∆╢⁹ 

UO2- ZrO2 ─ ♦Ⱪꜞ ⌐⅔™≡│⁸ ⌐ ⅜№╢⅜⁸UO2- Fe ─ ♦Ⱪꜞ

│ ⅜ ™⁹ ⌐⅔™≡ 1750ϴ≢ ⅜ ╠╣⌂™ │⁸2200ϴ≢─ ╙ ╖

╢ ⁸∕╣≢╙ ⅜ ╠╣⌂↑╣┌⁸ ╩ ⇔√ UO2- FeO ⌐ ⅎ≡ ╩

╖╢↓≤╙ ∆╢⁹↓─ ╩ 3.1.1. 2- 7 ⌐ ∆⁹↓─ ─ ⁸Fe ─ ╕

≢─ ⌐ ╘⁸Fe≤ UO2 ⅜ ∆╢ ⌐ ∆╢ ╙ ∆╢⁹ 

⌂⅔⁸ 3.1.1.1 - 3 ≢ ⇔√ 16 ─ ♦Ⱪꜞ─ ₁─ ⱨ꜡⁸│≡™≈⌐כ

3.1.1.4 ⌐≡ ∆╢⁹ 

ᵓ  

 ≢ ⇔√ ♦Ⱪꜞ─ ⌂ ⱨ꜡כ 3.1.1.2 - 6 ≢ ⌂ ╩ ≢⅝

╢⅛≥℮⅛ ∆╢√╘⁸ ╩ ∫√⁹ 

1) UO2- ZrO2  

 3.1.1.2 - 6 ⌐ ™⁸UO2- ZrO2 ♦Ⱪꜞ╩ ⇔√≤↓╤⁸1750ϴ─ ≢ ⌂

♦Ⱪꜞ╩ ╢↓≤⅜≢⅝√⁹ 

2) UO2- Fe  

 3.1.1.2 - 6 ₈ZrO2₉ќ₈Fe₉⌐ ⇔√ ⱨ꜡⁹כ ⌐ ™⁸UO2- Fe ♦Ⱪꜞ

╩ ⇔√≤↓╤⁸1750ϴ─ ≢│ 1600ϴ ≢ Fe⅜ ⇔≡ ╩ ↓⇔≡⇔╕℮

↓≤⅜ ⅛∫√⁹∕↓≢⁸ ╩ Fe─ ╕≢─ ⌐ ╘⁸⅛≈ Fe≤ UO2 ⅜

∆╢ ⌐ ∆╢ ≤⇔≡⁸ ╩ 1600ϴ⁸ ╩ 15 ≤⇔≡ ╩ ∫√

≤↓╤⁸ ⌂ ⅜ ╠╣√ 1600ϴ⁸30 ─ ≢│ ╩ ↓⇔√⁹ ⁹╕

√⁸ ∆╢ UO2 ⌐≈™≡⁸ ⇔ ⇔√ UO2 ╩ ™╢↓≤⌐╟╡⁸

─ ╩ ≢⅝⁸ ╩ ≢⅝╢↓≤╙ ⌐ ⇔√⁹ 
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-1

0 

 

3.1.1.2 - 1 ♦Ⱪꜞⱨ♇ ─ ה 1/2

1 F2 1 F2 Ni 2

1
UF6

*1
2 2

Ni

1

3 1
UF6

*1
2 2

150

UO2F2

2F2

1
UF6

*1
2 2

150 SUS316

1
UF6

*1
2 2

Ni

6 1
UF6

*1
2 2

-70 SUS316 6

1
UF6

*1
2 2

80 SUS316 6

1 *1
2 2

Ni

1 *1
2 2

SUS316

1 F2 2 SUS316

No.

2

2

 



  

 

3
.1

.1
-1

1 

 

3.1.1.2 - 1 ♦Ⱪꜞⱨ♇ ─ ה 2/2  

11 1 UF6 2 2 SUS316 UF6

12 O.G NaF-A 1 UF6 2 2 80 SUS316

13 O.G NaF-B 1 UF6 2 2 80 SUS316

14 1 F2 2 SUS316

15 1 F2 2 SUS316

16 1 (F2 2 SUS316

17 1 (F2 2 SUS304
2

F2 2

18
-2Pa

1 2 1Torr

19
3

1 2 mmAq

20 1 2 mmAq

21 1 (F2 2

22 2 (F2

UF6

2

No.
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3.1.1.2 - 1 ♦Ⱪꜞⱨ♇ ─ ⱨ꜡כ 

 

F

P

PIC

P

P

F2Ⱳfiⱬ

♦Ⱪꜞⱨ♇

ⱨ▫ꜟ♃

F2

UO2F2♩ꜝ♇ⱪ

NaF♩ꜝ♇ⱪ- A NaF♩ꜝ♇ⱪ- B

♪ꜟכ◖

♩ꜝ♇ⱪ

- A

- B

▪ꜟⱵ♫

♩ꜝ♇ⱪ

Ᵽ♇ⱨ□

ⱳfiⱪ

ⱨ□fi HEPAⱨ▫ꜟ♃

ⱶ▬ꜝ♄כ♁

♩ꜝ♇ⱪ

♪ꜝⱨ♩ꜟכⱶ

FX

FX

Ar

T

F

T

P

PIC
FX ⱨ♇

┼

PPPPP

T T T T T

T

T

T

T

F2 ⱨ♇ ●☻ ○ⱨ●☻

O.G.NaF- B

O.G.NaF- A

O.G.

- A

O.G.

- B

T

T T

T

T

Ᵽ♇◒▪♇ⱪ U⁸F2

Ar



  

3.1.1 - 13 

 

 

 

 

 

3.1. 1. 2- 2 ─  

 

 

 
 

 

3.1. 1. 2- 3 ─

F Ⱳfiⱬ◐ꜗⱦⱠ♇♩ 

♦Ⱪꜞⱨ♇  ⱪ♇ꜝ♩♪ꜟכ◖ 

ⱨ▫ꜟ♃ UO2F2♩ꜝ♇ⱪ NaF♩ꜝ♇ⱪ- A, B 

♪ꜝⱨ♩ꜟכⱶ 

♦Ⱪꜞⱨ♇  ⱪ♇ꜝ♩♪ꜟכ◖ 

UO2F2♩ꜝ♇ⱪ NaF♩ꜝ♇ⱪ- B NaF♩ꜝ♇ⱪ- A - B - A 

▪ꜟⱵ♫♩ꜝ♇ⱪ 

♪ꜝⱨ♩ꜟכⱶ 



 

3.1.1 - 14 

 

 
3.1. 1.2- 4 ─ ─ ⅎ  

 

20%UO22250ϴ
50%UO22250ϴ
80%UO22250ϴ
20%UO21750ϴ
50%UO21750ϴ
80%UO21750ϴ

Liq
Css: 
Tss
Mss
Css+Liq
Tss+Css: : 
Mss+Css
Mss+Tss:

 

3. 1.1.2 - 5 ZrO2- UO2 ─ ᵑ ᵖ│ ⅜ ⁹  

 



 

3.1.1 - 15 

 

UO2 ZrO2

UO2-ZrO2

UO2-ZrO2

U-Zr-O

U-Zr
(Z ZrO2 )

1750ϴ

(A)

 

 

3.1. 1.2- 6 ♦Ⱪꜞ─ ⱨ꜡כ U- Zr  

 

 



 

3.1.1 - 16 

 

 

1750ϴ

*

UO2- Fe

2200ϴ

UO2- Fe

NO

YES

1750ϴ

UO2- FeO

2200ϴ

UO2- FeO

NO

YES

NO

YES

NO

YES

*

 

 

3.1. 1.2- 7 ♦Ⱪꜞ ─ ⱨ꜡כ 

 



 

3.1.1 - 17 

 

3.1.1.3  ⱨ♇ H26- H27  

 ♦Ⱪꜞⱨ♇ ⌐ ∟⁸ ─ⱨ♇ ה ─ ≤⁸ Zr

┘ Nb Nb2O5 ─ⱨ♇ ╩ ⇔⁸ ♦Ⱪꜞⱨ♇ ─ ─ ╩ ⇔√⁹ 

 

(1) ⱨ♇  

ᵑ ≤  

♇ⱨ♪ꜟכ◖ה ⌐ ∟⁸ⱨ♇ ●☻ⱬכ◐fi◓╩ ∫≡⁸ ⌐ ⇔√

─ ┘ ─ⱨ♇ ╩ ∆╢⁹ 

♇ⱨה ─●☻ ┘ ⌐⅔↑╢ⱨ♇ ●☻─ ─ ╩ ℮⁹ 

ᵒ ─  

♦Ⱪꜞⱨ♇ ─ │⁸ 3.1.1 . 1- 1⌐ ⇔√ ≤ ≤∆╢⁹UO2F2♩

ꜝ♇ⱪ⁸NaF♩ꜝ♇ⱪ- A⁸B⁸ - A⁸B⌐≈™≡│⁸ ⅜ ™√╘⁸Ᵽ▬Ɽ☻⇔√⁹

╕√⁸ ▪ꜟⱵ♫♩ꜝ♇ⱪ⌐≈™≡│⁸ⱨ♇ ─ ⱨ♇ ≢№╢√╘⁸

≤⇔√⁹ ─ ●☻│ Ᵽ♇ⱨ□⌐ ⇔√ ⁸O.G. ▪ꜟⱵ♫ ─

⌐ ⇔≡ⱨ♇ ╩ ⇔√⁹ ⌂ ⱨ꜡כ╩ 3.1.1.3 - 1⌐ ∆⁹ ≢№╢

♬♇◔ꜟ │ ╩ ≈♃▬ⱪ─╙─╩ ⇔⁸ │ ⱨꜝfi☺ ⌐ ╩

↕∑⁸ ⌐│☻♥fi꜠☻ ─♄Ⱶכ╩ ⇔√⁹NaF♩ꜝ♇ⱪ- B│ ⅜ ⅝™√

╘⁸ ─ ⌐─╖NaF╩ ⇔⁸ ┘ ⌐│ⱨ♇ ≤─ ⅜ ↕™ ▪ꜟⱵ

♫ ⌐╟∫≡ ╩ ⌐⇔√▪ꜟⱵ♫ ╩ ⇔√⁹ 

ᵓ ה ┘  

3.1.1.3 - 2 ⌐ ⇔√ ─ ⱨ꜡כ⌐ ™⁸ ₁─ ╩ ⇔√⁹╕√⁸ⱨ♇ ●☻

ⱬכ◐fi◓ ┘ⱨ♇ ●☻ ─ ╩ 3.1.1 .3 - 1 ⌐ ∆⁹ ⌐ ⌂ ⁸

│ ↄ⁸ⱨ♇ ●☻ ⌐⅔™≡╙⁸ ⁸♬♇◔ꜟ ⅜ ⇔

≡ ∆╢↓≤⅜ ↕╣√⁹⌂⅔⁸ ה ╛ ─ ⌐≈™≡│⁸ ─

26 [ 1] ⌐ ∆⁹ 

 

♪ꜟכ◖ (2) ⱨ♇ 1 Zr ─ⱨ♇  

ᵑ ≤  

─♦Ⱪꜞ│⁸UO2- ZrO2 ⌐⁸UO2⅜ Zr ⌐ ↑ ╪∞ ╛ U≤ Zr ─ ⅜

∆╢≤ ⅎ╠╣≡⅔╢⅜⁸U⁸Zr │ ⌐ ═≡│╢⅛⌐ⱨ♇ ⅜ ⇔╛∆™

─≢⁸ ─ ⅜ⱨ♇ ≤ ∆╢─≢№╣┌⁸↓╣╠╙ ∆╢↓≤⅜ ↕╣╢⁹

↓─ ⁸ Zr │ ⅜ ↄ ⌂ ⅜ ∂╢ ⅜№╢√╘⁸ ⌐⅔™

≡ Zr ─ⱨ♇ ╩ ∆╢↓≤≤⇔√⁹╕√⁸ⱨ♇ ─ ╩ ∆╢√╘⁸

≢ⱨ♇ ╩ ⇔≡ ⅜ ∆╢⅛≥℮⅛╙ ∆╢⁹ 

ᵒ  

 │ⱨ♇ ≤ ≢№╢⅜⁸ │ ⌂ CaF2 ╩ ™⁸

─ ─ ╩ ⌐ ⇔√ⱦ♦○◌ⱷꜝ⌐╟╡ ⇔√ 3.1.1 .3 - 3 ⁹

3.1.1. 3- 4 ⌐⁸♬♇◔ꜟ ⁸ Ⱳכ♩ ⁸ ⅛╠─ ⁸

⅛╠─♬♇◔ꜟ ╩ ∆⁹ ─♬♇◔ꜟ │⁸ 3.1.1 . 3- 4



 

3.1.1 - 18 

 

⌐ ∆ ⌐╟╡ ⇔√⁹ 

ᵓ ה  

1)  

Zr │ 15mm×510mm×0.2mm ↕─╙─╩♠♣ꜝ ╡⌐⇔≡⁸ Ⱳכ♩ ╢≈╓

⌐ ╣⁸♬♇◔ꜟ ⌐ ⇔√⁹ 

2) ◘fiⱪꜞfi◓ⱳ▬fi♩≤  

 Zr ⱨ♇ ⌐⅔↑╢ Zr ─ ╩ ∆╢√╘⁸ ≢№╢ Ⱳכ♩⌐ ∫√

─ ⁸ ⁸U ⌐ ∆╢ Zr ╩ ⇔√⁹◘fiⱪꜞfi◓ⱳ▬fi♩╩ 3.1.1 .3 - 5

⌐⁸ ╩ 3.1.1 .3 - 2⌐ ∆⁹ 

ה (3  

ⱨ♇ ─ ╩⁸ ⌐ ∆╢ Nb ≤≤╙⌐ 3.1.1 .3 - 3 ⌐ ∆⁹↓─ ─ │

─ ≢№╢⁹╕√⁸ ─ ⌐⅔↑╢ ─ ╩ 3.1.1 .3 - 4 ⌐

∆⁹↕╠⌐⁸ⱨ♇ ─ ⱨ꜡כ╩Nb ≤ ∑≡ 3.1.1 .3 - 6⌐ ∆⁹ 

ᵔ  

⌐ ⇔√♬♇◔ꜟ ─ ╩ 3.1.1 .3 - 7 ⌐ ⇔⁸ 3.1.1 .3 - 8 10 ⌐

─ ⁸ ⁸●☻ ─ ╩ ∆⁹ 3.1.1 .3 - 8 ─ ─℮∟⁸♬♇◔ꜟ

≤ ↕╣≡™╢ │ Ⱳכ♩─ ⌐ ⇔√ ─ ≢⁸ Ⱳכ♩

─ ⌐ ™⁹ 4 ≢│ ∞↑≢⌂ↄ Ⱳכ♩╙ ╢ↄ⌂∫≡⅔╡⁸ Ⱳ

─♩כ ╙ ⇔≡™╢≤ ⅎ╠╣╢⁹ 

≢│ⱨ♇ ─ ─√╘⁸ 9 ⌐⁸6 ⱨ♇ ●☻─ ╩

╘√⁹ 3.1.1 .3 - 7 1/2 ⌐ ─ ⅜№╢⅜⁸ 4 ─ ≤

═╢≤ ↄ⌂∫≡⅔╡⁸ ↄ╙ ⅜ ↕╣≡™╢↓≤⅜ ⅛╢⁹↕╠⌐⁸ⱨ♇

2 ≢│↕╠⌐ ↄ⌂╡⁸ 1 ─ ≤ ╕≢ ⅜ ⇔≡™╢⁹

3.1.1 .3 - 8 ─ ⅛╠╙⁸ ─ │ ⇔≡⅔╡⁸ⱨ♇ ●☻ ⌐╟

╡ ─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹ 

ⱨ♇ ─ ╩ ⇔√ │⁸ ┘ ⅜ ╢ↄ⌂╡ ╘ 3.1.1.3 - 7 2/2 ⁸

48 ⌐│ ─ 600ϴ╕≢ ⇔√√╘⁸ ⅜╒≤╪≥ ⇔√╙─≤

⌂⇔≡ⱨ♇ ╩ ⇔√⁹ ⇔√ⱨ♇ ●☻ ─ │⁸ ╩∆═≡ ZrF4

⌐ⱨ♇ ∆╢─⌐ ⌂ ─ 2.37 ≢№∫√ F/Zr ─ │ 2. 37⁹ ⁹ 

ᵕ  

  1)  

─ ╩ ∆╢≤⁸ ⅜ ─ ⌐ ╦╣≡™√⅜⁸ ─

⅜ ≢⅝╢ ≢№∫√⁹ ⌐⁸ 3.1.1 .3 - 11 ⌐ ⇔√ ─ ≢│⁸

Ⱳכ♩ ⌐ ─ ⅜ ↕╣≡™√⁹↕╠⌐⁸ ─ ╩ ∆╢≤⁸

♬♇◔ꜟ │⁸ ╟╡ ⅜ ─ ≢ ╦╣≡™√⁹ 

2)  

╕∏⁸ Ⱳכ♩ ⌐ ⇔≡™√ⱨ♇ Ⱳכ♩ ⌐ ⇔√ ⁹

╩ XRD⌐≡ ⇔√≤↓╤⁸∕─ ⅜ ZrF4≢№╢↓≤⅜ ↕╣√⁹ 

⌐⁸ ⇔√ ╩ ICP- MS Inductively Coupled Plasma - Mass Spectrometry



 

3.1.1 - 19 

 

ⱪꜝ☼ⱴ ⌐╟╡ ⇔√⁹ ╩ 3.1.1 .3 - 5 ⌐ ∆⁹⌂⅔⁸ⱨ♇

─ Zr ─ ┘ ╩ ╘╢√╘⌐⁸ ⱨ♇ ⅛╠ 0.1 g ∏≈

◘fiⱪꜞfi◓⇔√⁸6 ≈─◘fiⱪꜟ╩ ⇔√⁹ ⅛╠ ╠╣√ Zr ─ │⁸

87 ≢№∫√⁹ ─ Zr │ Ⱳכ♩⌐ ╕∫≡™√≤ ⅎ╠╣╢⅜⁸ ─╙─ ⅜

⌐ ⇔⁸ ⅜ ≢⅝⌂⅛∫√≤ ⅎ╠╣╢⁹ 

↓╣╠ ≢⅝⌂⅛∫√ ZrF4 ╩⁸Zr ◄▪꜡♂ꜟ⅜ ∆╢ ─№╢ ─

╩ ⇔≡ ⇔⁸ ≤⇔≡─ Zr + ╩ ╘╢≤⁸Zr │

9.0672 9.7109g ≤⌂╡⁸∕╣╠ ⌐ ⇔≡ ╩ ⇔≡ ╩ ∆╢≤⁸

│ 93.4±7.5 ≤⌂∫√⁹ ⌂ ─ ⌐≈™≡│⁸ ─ 26

[1] ⌐ ∆⁹ 

 

( 3) ♪ꜟכ◖  ⱨ♇ 2 Nb Nb2O5 ─ⱨ♇  

ᵑ ≤  

 Nb─ⱨ♇ NbF5│⁸UF6╛ PuF6╒≥≢│⌂™⅜⁸100ϴ ≢─ ⅜ ↄ⁸UF6─

╩ ∆╢ ≤⇔≡ ⅜ ™⁹↓─√╘⁸U ♦Ⱪꜞⱨ♇ ⌐ ↑≡⁸

UO2─ⱨ♇ ┘UF6─ ╩ ∆╢√╘⌐⁸Nb2O5─ⱨ♇ ╩ ⇔√⁹ 

ᵒ  

 │ Zr ≤ ≢№╢⁹ 

ᵓ ה  

 │ Nb2O5 ╩ ⇔⁸ Ⱳכ♩⌐ ╣√ ⁸♬♇◔ꜟ ⌐ ⇔

√⁹◘fiⱪꜞfi◓ⱳ▬fi♩⌐≈™≡│⁸ 3.1.1.3 - 5 ⅛╠ ─ ╩ ⇔√ ╩

◘fiⱪꜞfi◓ⱳ▬fi♩≤⇔⁸ ╙ ⌐ 3.1.1 .3 - 2 ⅛╠ ╩ ™√╙─≤⇔√⁹╕

√⁸ⱨ♇ ─ ─ ╩ 3.1.1 .3 - 6⌐ ∆⁹ 

ᵔ  

Nb ─ⱨ♇ ⌐ ⇔√♬♇◔ꜟ ─ ╩ 3.1.1 .3 - 12 ⌐ ∆⁹Zr

≤ ⌐⁸ⱨ♇ ●☻ 1 ⌐│ ⅜ ∆╢ ⅜ ↕╣√⅜⁸ 2

│⁸ ≤≤╙⌐ ⌐ ⅜ ⇔⁸ ─ ⅜ ≢⅝⌂ↄ⌂∫√⁹

3.1.1 .3 - 13 ⌐ ─ ╩ ∆⁹ ─ ─ │⁸ 600ϴ

⌐ ⇔≡ 37ϴ ⇔√⁹ⱨ♇ │⁸ ⅜ ⁸ ⅜ ╠╣⌂ↄ⌂

∫√ 36 ≢ ⇔√⁹ ⇔√ⱨ♇ ●☻ ─ │⁸ ╩∆

═≡ NbF5⌐ⱨ♇ ∆╢─⌐ ⌂ ─ 2.87 ≢№∫√ F/Nb ─ │ 2.87⁹ ⁹ 

ᵕ  

  1)  

─ ─ ╩ 3.1.1 .3 - 14 ⌐ ∆⁹ ─ ⌐│⁸ ⌐

⅜ ⇔≡⅔╡⁸ ⅜ ⇔≡™√⁹ ⌐ ╩ ╘√ ⁸ ─

⌐╟∫≡ ⅜ ⇔√ ⅜ ↕╣√ ⇔√ ╩ ⁹ ⁹ 

─ ╩ 3.1.1 .3 - 15 ⌐ ∆⁹ Ⱳכ♩ ⌐│ ─ ⅜ ⇔≡™√⁹

╕√⁸ ─♬♇◔ꜟ ─ ╩ 3.1.1 .3 - 16 ⌐ ∆⁹ ┘ ⌐│

⅜ ↕╣⌂⅛∫√⅜⁸♬♇◔ꜟ ⱨꜝfi☺ ⌐│⁸ ⅜ ⇔≡™√⁹↓─



 

3.1.1 - 20 

 

│⁸ ⌐ ⅛╠ ⇔√╙─⅜⁸ ⇔≡ ⇔√╙─≤ ⅎ╠╣⁸

≢ ⇔╛∆ↄ⁸ ⅜ ≢№∫√⁹ 

2)  

╕∏⁸ Ⱳכ♩ ⌐ ⇔≡™√ⱨ♇ ╩ XRD⌐╟╡ ⇔√≤↓╤⁸∕─ ⅜

NbO2F≢№╢↓≤⅜ ↕╣√⁹ ⌐⁸ ⌐ ⇔√ ╩ ICP- MS ⌐╟╡ ⇔√⁹

╩ 3.1.1 .3 - 7 ⌐ ∆⁹ ⅛╠ ╠╣√ Nb─ │⁸ 35 ≢№∫√⁹ⱨ

♇ ⌐ ⇔√≤ ⅎ╠╣╢ NbF5│⁸∕─ ↄ⅜ ─ ≢№╢ ⌐

⇔√≤ ⅎ╠╣⁸ ─ ⱨꜝfi☺ ≤ ⌐╟╡ ⇔⁸

∕─ ↄ⅜ ⱨꜝfi☺ ⌐ ⇔√≤ ⅎ╠╣╢⁹╕√⁸ ─ ⌐⁸NbF5│

─ ≢ ⁸ ⇔⁸∕─ ↄ⅜ ≢⅝⌂⅛∫√⁹ ∫≡⁸ ♦Ⱪꜞ╩ ™√ⱨ

♇ ≢│⁸ ╩ UF6 ⌐ ⇔⁸ ─ ╩ ← ╩ ∂╢ ⅜

№╢⁹ 

↓╣╠ ≢⅝⌂⅛∫√ NbF5 ╩⁸ ─ ╛ ─ ╩ ⇔≡

⇔⁸ ≤⇔≡─ Nb + ╩ ╘╢≤⁸Nb │ 5.135 6.285 

g ≤⌂╡⁸ │ 88.7 108.6 ≤⌂∫√ 98.6±10.0 ⁹ ⌂ ─ ⌐≈™

≡│⁸ ─ 26 [1] ⌐ ∆⁹ 

 

( 4)  

 ⌐⅔™≡ ↕╣√ ─ ┼─ ╩ ←√╘⌐⁸ ─

⌐≈™≡ ⇔⁸ ╩ ⇔√⁹™ↄ≈⅛ ⇔√ ─ ⁸ ╩

ⱨꜝfi☺ ≢ ⇔√ ─ ⅜ ⌐⌂∫√ ⌐

─ ≤ ╩ ∆╢ ⁹ ╩ ⇔⁸ ╩ ⇔√≤↓╤⁸ ⱨꜝ

fi☺ ╩ 80 90ϴ⌐ ∆╢↓≤⅜ ≤⌂∫√⁹⌂⅔⁸ ⌂ ┘ ⌐≈™≡

│⁸ ─ 27 [ 2] ⌐ ∆⁹ 

 

 

 

[ 1] כ☺♫◄ה▪ꜞ◒כꜙ♬  ⁸ 26

◦☻♥ⱶ ₈ⱨ♇ ╩ ™√ ♦Ⱪꜞ─

⌐ ∆╢ ₉ 27 3  

[2] כ☺♫◄ה▪ꜞ◒כꜙ♬  ⁸ 27

◦☻♥ⱶ ₈ⱨ♇ ╩ ™√ ♦Ⱪꜞ─

⌐ ∆╢ ₉ 28 3  

 



 

3.1.1 - 21 

 

3.1.1 .3 - 1 ⱨ♇ ●☻ⱬכ◐fi◓ ┘ⱨ♇ ●☻  

2 2 F2 F2

F2

Ar 240 ml/min 300 ml/min

F2 60 ml/min 300 ml/min 300 ml/min

F2

F2

 

 

3.1.1 .3 - 2 Zr ⱨ♇ ⌐⅔↑╢  

   EDX XRD ICP- MS 

       

    

 

   

        

       

 CT         

  NaF- B      

  Al      
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3.1.1 .3 - 3 Zr ┘ Nbⱨ♇ ─  

Nb2O5

(g) 10.0525 8.2822

(mol) 0.11 0.03

300 300

(mol/min) 0.012 0.012

(L) 18.6 13.2

(mol) 0.77 0.55

3.5 3.5

(min) 62.0 43.8

30 30

F2 0 0

91 91

100 100

F2

2

2 4

2 2O5 5 2

150

150

150

350

350

150

150

150

F2

F2

350

600  *2

150

F2

*1

 



 

3.1.1 - 23 

 

3.1.1.3 - 4 Zr ⱨ♇ ─  

(g) 10.0525

(mol) 0.11

300 0 300

(mol/min) 0.012 0.000 0.012

(L) 2.7 9.9

(mol) 0.11 0.41

F2 2.37

(min) 9.0 33.0

30 80

F2 0 0 0

91 79

100 100

F2

2

2 4

F2

F2

F2

6

 

 





  

3.1.1 - 25 

 

3.1.1.3 - 6 Nb2O5ⱨ♇ ─  

Nb2O5

(g) 8.2822

(mol) 0.03

300

(mol/min) 0.012

(L) 10.8

(mol) 0.45

F2 2.87

(min) 36.0

30

F2 0

91

100

F2

2

2 2O5 5 2

F2

1

 

 

 





 

 

3
.1

.1
-2

7 

 

HEPA

♪ꜝⱨ♩ꜟכⱶ

F2

F2

VI

F2

UO2F2

150ϴ

O.G.

A

O.G.

NaF

B

150ϴ

Ar Ar

O.G.

NaF

A

A

A

♬♇◔ꜟF2

500ϴ

A

70ϴ

B

100ϴ

O.G.

B

1000ϴ

NaF

A

400ϴ

F2

ⱥ1♃כ(350ϴ)

ⱥ2♃כ(150ϴ)

ⱥ3♃כ(150ϴ)

ⱥ4♃כ(150ϴ)

ⱥ5♃כ(150ϴ)

ⱥ6♃כ(300ϴ)

ⱥ7♃כ(150ϴ)

ⱥכ♃(500ϴ)

B

70ϴ

NaF

B

100ϴ

A

800ϴ

─╖  

3.1.1 .3 - 1 ─ⱨ꜡כ



  

3.1.1 - 28 

 

20 F2
20 F2 30

F2

100 F2
100 F2 1 2

20 F2 100 F2

100 F2

Ar F2

F2

10 20
PCV

Ar F2

20

O.G.

F2

Ar Ar

F2

OFF 0.03MPa

 
 

3.1.1 .3 - 2 ⱨ♇ ●☻ⱬכ◐fi◓ ┘ⱨ♇ ●☻ ─  

 



 

3.1.1 - 29 

 

 

3.1.1 .3 - 3 ⱦ♦○◌ⱷꜝ⌐╟╢♬♇◔ꜟ  

 

 



 

3.1.1 - 30 

 

 

3.1.1 .3 - 4 ♬♇◔ꜟ ┘ ⁸ Ⱳכ♩  

 

 

F
2
●☻  

ꜝ▬fi 

 

♬♇◔ꜟ  

♬♇◔ꜟ  

 

 

●☻ ꜝ▬fi 

⅛╠  

 

 

ɫ100 

( t5)  

ɫ50(t3)  

●☻ ꜝ▬fi 

Ⱳכ♩ 
Ⱳכ♩≈⅛╖  

♬♇◔ꜟ  

 

⅛╠  

 

Ⱳכ♩ 

Ⱳכ♩≈⅛╖

  

ꜝ▬fi 

Ⱳכ♩  

 



  

 

3
.1

.1
-3

1 

 

 

 

 

 

UO2F2 NaF
- A

NaF
- B

- A
B

F2

NaF
 

3.1.1 .3 - 5 Zr ⱨ♇ ⌐⅔↑╢◘fiⱪꜞfi◓ⱳ▬fi♩ 

 

 



 

3.1.1 - 32 

 

F2

F2

FIC PIC

Ar

F2 F2

F2 NaF- B

C.T O.G
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3.1.1.4  ♦Ⱪꜞ H26- H28   

(1) ♦Ⱪꜞ  

 3.1.1.1 ⌐≡ ⇔√ ♦Ⱪꜞ─ ╩ 3.1.1.4 - 1 ⌐ ∆⁹╕√⁸ ♦Ⱪꜞ

─ ╩ 3.1.1.4 - 2 ⌐ ∆ NO.15─ UO2ꜞⱨ□꜠fi☻ ≢│⁸UO2

╩∕─╕╕ ⇔√⁹ ⁹ 

 

(2) ♦Ⱪꜞ ⱨ꜡כ 

 3.1.1.2 ⌐≡ ⇔√ ♦Ⱪꜞ─ ⌂ ⱨ꜡כ╩ ⌐⁸ ♦Ⱪꜞ─ ⱨ

╩כ꜡ 3.1.1.4 - 1 15⌐ ∆⁹ ₁─ ⌐ √∫≡⁸ ⁸ ─

╩ ⇔≡™╢─≢⁸∕─ ╙ ⌐ ⇔≡™╢⁹ 

 

(3) ♦Ⱪꜞ  

 ⇔√ ₁─ ♦Ⱪꜞ ─ ╩ 3.1.1.4 - 1 15⌐ ∑≡ ∆⁹╕√⁸

⇔√ ─ SEM/EDX ╩ 3.1.1.4 - 16 23 ⌐ ∑≡ ∆⁹SEM/EDX │ ─

≤ ╩ ⇔≡™╢⅜⁸ ≢│ ≢─ ╩ ⇔≡™╢⁹ 

 ↕╠⌐⁸ ⇔√ ─ ⌐ ∆╢ XRD ╩ 3.1.1.4 - 24 30⁸ICP- MS/AES

╩ 3.1.1.4 - 3 ⌐ ∆ C │ ⌂√╘ ⇔≡™⌂™⁹ ⁹ 3.1.1.4 - 3

≢│⁸ 3.1.1. 4- 1 ⌐ ↕╣√ ♦Ⱪꜞ ⌐ ╕╣╢ ─ ╩ ─

⌐ ⇔⁸↓─ ≤ ICP- MS/AES ╩ ∆╢↓≤≢ ─ ╩ ⇔≡™

╢⁹ⱨ♇ ⌐ ∆╢ ♦Ⱪꜞ─ ─ ⌐│⁸Na2CO3╛ Cs2CO3 ─ ─

⅜№╢─≢⁸ ♦Ⱪꜞ ≢ ─ ⅜ ∆╢ ⅜№╢√╘⁸

≢⌂ↄ ─ wt ╩ ∆╢↓≤≤⇔√⁹♦Ⱪꜞ ≢ ⅜ ⇔≡

╙⁸∕─ ⅜ ⇔⌂↑╣┌ ♦Ⱪꜞ ─ │ ⇔⌂™─≢⁸ ⌂ ╩ ℮

↓≤⅜≢⅝╢⁹ 

─ ⅛╠ ↕╣√ ♦Ⱪꜞ─ ה ⌐≈™≡⁸ ⌐ ═╢⁹⌂⅔⁸

─ ╛ ─ ⌐≈™≡│⁸ ─ [1⁸2⁸3]⌐ ∆⁹ 

 

ᵑ UO2- Fe 

ה ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  UO2⁸Fe ⅜ ↕╣⁸ ∑∏ ₁─ ≢ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

  ᵒUO2- SUS 

ה   ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  UO2⁸Fe ⅜ ↕╣⁸ ∑∏ ₁─ ≢ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵓU3O8- Fe2O3 

ה ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  U3O8⁸Fe2O3 ─ ⁸U4O9⁸UFeO4 ⅜ │⇔≡⅔╠∏ ₁─ ≢ ⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 
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ᵔUO2- Fe- Na 

ה ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  UO2⁸Fe ⅜ ⁸Na ─ │ ↕╣∏ ∑∏ ₁─ ≢ ⁹ ⁹ 

-ICPה MS/AES Na─╖ ─ 1/10 ⇔⅛ ⇔≡⅔╠∏⁸ ⌐ ⅜ ⇔√≤

ⅎ╠╣╢⁹ 

ᵕUO2- Fe- B4C 

ה ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  UO2⁸Fe ─ ⁸Fe≤ B4C─ Fe2B№╢™│ Fe3C [4] ╩ ≢ ⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵖUO2- Fe- FP 

ה ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  UO2⁸Fe ⅜ ⁸FP │ ↕╣∏⁹╕√⁸2ɝ>120°⌐⅔™≡ UO2Ⱨכ◒

⅜ UO2 ╟╡ ⌐◦ⱨ♩⇔⁸UO2 ╙ UO2 ♦Ⱪꜞ ⌐ ™√ UO2

╟╡ ↕ↄ⌂∫≡™√↓≤⅛╠⁸UO2≤ ╠⅛─ ≤ ⇔√ ≤ ⅎ╠╣╢⁹

FP ─℮∟⁸Nd Nd2O3 ⌐ ⇔≡│ [ 5] ╟╡⁸UO2≤ ∆╢↓≤⅜ ╠╣≡

™╢⁹ ∫≡⁸ ⌐⅔™≡UO2≤Nd2O3⅜ ⇔√↓≤⅜ ↕╣√⁹ 

-ICPה MS/AES Cs ─╖ ─ 1/100 ⇔⅛ ⇔≡⅔╠∏⁸ ⌐ ⅜

⇔√≤ ⅎ╠╣╢ ─ │ ⁹  

ᵗUO2- Fe- Al 2O3 

ה ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  UO2⁸Fe⁸Al 2O3 ⅜ ↕╣⁸ ∑∏ ₁─ ≢ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵘUO2- Fe  

ה ⁸SEM/EDX ─ ⅝⌂ │ ╠╣∏⁸ ⌂ ⅜ ╠╣√⁹ 

XRDה  ⇔≡™⌂™⅜⁸ᵑUO2- Fe≤ ─ ⱨ꜡⁸╘√╢№≢כUO2⁸Fe ⅜ ₁─ ≢

⇔≡™╢≤ ⅎ╠╣╢⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ה ─ ┘ ⅛╠ ╘√ ─⅛↕ ≤⁸UO2 ┘ Fe─

╩ ™≡⁸ ─ ╩ ⇔√≤↓╤⁸ 71 ≤ ↕╣√⁹ 

ᵙUO2- ZrO2 

ה ⁸SEM/EDX ⱴ◒꜡≢│ ─ ⅝⌂ │ ╠╣∏⁹SEM/EDX ≢│⁸U

≤ Zr ≤─ ⅜ ⇔≡⅔╡⁸Uꜞ♇♅ UO2⌐ ZrO2⅜ ⇔√ ⁹ ≤ Zr ꜞ♇♅

ZrO2⌐UO2⅜ ⇔√ ⁹ ─ 2 ⅜ ↕╣√⁹ 

XRDה  UO2⁸ZrO2 ⅜ ⁹UO2Ⱨכ◒│ UO2 ╟╡ ⁸ZrO2Ⱨכ◒│ ZrO2 ╟╡

⌐◦ⱨ♩⇔≡™√ │ 2ɝ>120°≢─Ⱨכ◒⅜ ∞∫√√╘ ≢⅝∏⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵚUO2- ZrO2- Fe 

ה ⁸SEM/EDX ⱴ◒꜡≢│ ─ ⅝⌂ │ ╠╣∏⁹SEM/EDX ≢│⁸U

≤ Zr ≤─ ⅜ ⇔≡⅔╡⁸Uꜞ♇♅ ≤ Zr ꜞ♇♅ ─ 2 ⅜ ⁹ 
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XRDה  UO2⁸ZrO2⁸Fe ⅜ ⁹UO2Ⱨכ◒│ UO2 ╟╡ ⁸ZrO2Ⱨכ◒│ ZrO2 ╟

╡ ⌐◦ⱨ♩⇔≡™√ │ ≢⅝∏⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵛUO2- ZrO2- Fe- B4C 

ה ⁸SEM/EDX ⱴ◒꜡≢│ ─ ⅝⌂ │ ╠╣∏⁹SEM/EDX ≢│⁸U

≤ Zr ≤─ ⅜ ⇔≡⅔╡⁸Uꜞ♇♅ ≤ Zr ꜞ♇♅ ─ 2 ⅜ ⁹ 

XRDה  UO2⁸ZrO2⁸Fe⁸Fe ≤ B4C ─ Fe2B №╢™│ Fe3C [4] ╩ ⁹UO2Ⱨכ◒│

UO2 ╟╡ ⁸ZrO2Ⱨכ◒│ ZrO2 ╟╡ ⌐◦ⱨ♩ │ ≢⅝∏⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵜUO2- ZrO2- Fe- B4C- FP 

ה ⁸SEM/EDX ⱴ◒꜡≢│ ─ ⅝⌂ │ ╠╣∏⁹SEM/EDX ≢│⁸U

≤ Zr ≤─ ⅜ ⇔≡⅔╡⁸Uꜞ♇♅ ≤ Zr ꜞ♇♅ ─ 2 ⅜ ⁹ 

XRDה  UO2⁸ZrO2⁸Fe⁸Fe≤ B4C─ Fe2B№╢™│ Fe3C [4] ╩ ⁹FP │

↕╣∏⁹╕√⁸UO2Ⱨכ◒│ UO2 ╟╡ ⁸ZrO2Ⱨכ◒│ ZrO2 ╟╡ ⌐

◦ⱨ♩⇔≡™√ │ ≢⅝∏⁹ ⁹ 

-ICPה MS/AES Cs─╖ ─ 1/1000 ⇔⅛ ⇔≡⅔╠∏⁸ ⌐ ⅜

⇔√≤ ⅎ╠╣╢ ─ │ ⁹ ⁹ 

ᵝUO2- ZrO2- Fe  

ה ⁸SEM/EDX ⱴ◒꜡≢│ ─ ⅝⌂ │ ╠╣∏⁹SEM/EDX ≢│⁸U

≤ Zr ≤─ ⅜ ⇔≡⅔╡⁸Uꜞ♇♅ ≤ Zr ꜞ♇♅ ─ 2 ⅜ ⁹ 

XRDה  UO2⁸ZrO2⁸Fe ⅜ ⁹UO2Ⱨכ◒│ UO2 ╟╡ ⁸ZrO2Ⱨכ◒│ ZrO2 ╟╡

⌐◦ⱨ♩⇔≡™√⁹ ╩ ∆╢√╘⌐⁸UO2⁸ZrO2─ UO2 Cubic⁸

ZrO2 Tetragonal ╩ ⇔⁸Ⱶꜝכ ⅛╠№╢ ─ ⌐ ∆╢ XRDⱧכ◒

2ɝ╩ ⇔⁸ ─ XRD Ɽ♃כfi≤─ ╩ ∫√⁹∕─ ⁸ ─ UO2Ⱨכ◒│

5.39nm─ CubicⱧכ◒≤╒╓ ⇔⁸ZrO2Ⱨכ◒│ ZrO2 ╩ 1.0155

⇔√ Tetragonal Ⱨכ◒≤╒╓ ⇔⁸ ⌐⅔™≡ ─◦ⱨ♩⅜ ╠╣√⁹ ∫

≡⁸UO2≤ ZrO2 ⅜ ⇔√ Cubic⁸Tetragonal ─ 2 ⅜ ∆╢ ⅜ ™

2200ϴ ─ ⁸1600ϴ ╩ ≡ ⇔√√╘⁸2 ⌐ ⇔√≤ ⅎ╠╣╢⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵞUO2- SiC 

ה ⁸SEM/EDX ╟╡⁸ ─ ⅜ ╟╡ ↄ⌂∫≡™╢↓

≤╩ ⇔√⁹SEM/EDX ≢ ⌐ ⇔√≤↓╤⁸∕─ ⌐│ U≤ Si ≤─

U:Si 1:2 ⅜ ∆╢↓≤⅜ ⅛∫√⁹U≤ Si ─ │◦ꜞ◘▬♪ ≤⇔≡ ╠╣

≡™╢[6⁸7]⁹ 

XRDה  UO2⁸SiC ─ ⁸USi2 ⅜ ↕╣√ ₁─ ≢ ⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ᵟUO2- ZrO2 ⁸  

ה ⁸SEM/EDX ⱴ◒꜡≢│ ─ ⅝⌂ │ ╠╣∏⁹SEM/EDX ≢│⁸U

≤ Zr ≤─ ⅜ ⌐ ⁹ 
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XRDה  Ⱨכ◒⅜ UO2 ≤ ZrO2 ─ ⌐ ⇔≡™√⁹ ╩ ∆╢√╘

⌐⁸UO2─ UO2 cubic ╩ ⇔⁸Ⱶꜝכ ⅛╠№╢ ─ ⌐ ∆╢ XRD

Ⱨכ◒ 2ɝ╩ ⇔⁸ ─ XRDⱤ♃כfi≤─ ╩ ∫√⁹∕─ ⁸ ─ UO2

Ⱨכ◒│ 5.30nm─ Cubic Ⱨכ◒≤╒╓ ⇔⁸ ─◦ⱨ♩⅜ ╠╣√⁹

∫≡⁸UO2≤ ZrO2⅜ ⇔√ Cubic ⅜ ∆╢ ⅜ ™ 2200ϴ ⌐

⇔√√╘Cubic ╩ ⇔√╕╕ ⇔√≤ ⅎ╠╣╢⁹ ⁹ 

-ICPה MS/AES ⅝⌂ │ ╠╣∏⁸ ╡─ ⅜ ╠╣√⁹ 

ה ⌐╟∫≡ ╘√ ─ ≤⁸ β ⌐╟∫≡

↕╣√ ╩ ™≡⁸ ─ ╩ ⇔√≤↓╤⁸ 93 ≤ ↕╣

√⁹ 

 β ⅜( U⁸Zr) O2 U:Zr 1:1 ─╖≢ ↕╣╢≤⇔⁸∕─ ⌐ 4

─( U⁸Zr ) O2⅜ ∆╢≤ ⇔√⁹ 

 

(4) ╕≤╘ 

FBRה ─♦Ⱪꜞ╩ ⇔√ UO2- Fe ♦Ⱪꜞ≢│⁸UO2≤ Fe│ ∑∏⁸∕╣∙╣─

≢ ⇔≡™√⁹ 

LWRה ─♦Ⱪꜞ╩ ⇔√ UO2- ZrO2 ♦Ⱪꜞ≢│⁸UO2≤ ZrO2⅜ ⇔≡⅔╡⁸

┘ ─ ™⌐╟╡⁸UO2- ZrO2 ─ ⅜ ⌂╢↓≤⅜ ⅛∫√ UO2-

ZrO2 ≢│ Cubic ─╖ ⁸ UO2- ZrO2 │ Uꜞ♇♅ Cubic ⁸Zr ꜞ♇♅

Tetragonal ⅜ ⁹  

≥Feה B4C│ Fe2B⁸Fe3C ╩ ⇔√⁹ 

FPה ─℮∟⁸Cs│ ⌐╒╓ ⇔√─⌐ ⇔⁸Sr⁸Nd│╒╓ ⇔√⁹ 

│Naה ⌐ ⅜ ⇔√⁹ 

≥UO2ה SiC─ USi2 ⅜ ↕╣√⁹ 
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3.1.1.4 - 1 ♦Ⱪꜞ─  

UO2 Fe - - - UO2 Fe - - -

50 50 - - - 82.86 17.14 - - -

UO2 Fe*1 - - - UO2 Fe*1 - - -

50 50 - - - 82.86 17.14 - - -

U3O8 Fe2O3 - - - U3O8 Fe2O3 - - -

50 50 - - - 84.06 15.94 - - -

UO2 Fe Na - - UO2 Fe Na - -

48 48 4 - - 82.38 17.04 0.58 - -

UO2 Fe B4C - - UO2 Fe B4C - -

48 48 4 - - 81.71 16.90 1.39 - -

UO2 Fe FP*2 - - UO2 Fe FP*2 - -

48 48 4 - - 79.48 16.44 4.08 - -

UO2 Fe Al2O3 - - UO2 Fe Al2O3 - -

33 33 33 - - 63.11 13.05 23.83 - -

UO2 Fe - - - UO2 Fe - - -

50 50 - - - 82.86 17.14 - - -

UO2 ZrO2 - - - UO2 ZrO2 - - -

50 50 - - - 68.67 31.33 - - -

UO2 ZrO2 Fe - - UO2 ZrO2 Fe - -

33 33 33 - - 60.13 27.44 12.44 - -

UO2 ZrO2 Fe B4C - UO2 ZrO2 Fe B4C -

32 32 32 4 - 59.22 27.02 12.25 1.51

UO2 ZrO2 Fe B4C FP*2 UO2 ZrO2 Fe B4C FP*2

32 32 32 2 2 58.33 26.62 12.06 0.75 2.24

UO2 ZrO2 Fe - - UO2 ZrO2 Fe - -

33 33 33 - - 60.13 27.44 12.44 - -

UO2 SiC - - - UO2 SiC - - -

50 50 - - - 87.07 12.93 - - -

UO2 - - - - UO2 - - - -

100 - - - - 100 - - - -

UO2 ZrO2 - - - UO2 ZrO2 - - -

50 50 - - - 68.67 31.33 - - -

14 UO2-SiC

16 UO2-ZrO2

15 UO2

13 UO2-ZrO2

8 UO2

9 UO2-ZrO2

10 UO2-ZrO2-Fe

11 UO2-ZrO2-Fe-B 4C

12 UO2-ZrO2-Fe-B 4C-FP

5 UO2-Fe-B 4C

6 UO2-Fe-FP

7 UO2-Fe-Al 2O3

2 UO2-SUS

3 U3O8-Fe2O3

4 UO2-Fe-Na

1 UO2-Fe

No.
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3.1.1.4 - 2 

No.

41.4300 ⁷ ( 45ɡm)

8.5690   ⁷99.9%up  3 5ɡm

41.4320 ⁷ ( 45ɡm)

8.5690 ⁷♬ꜝ◖ SUS316L  100mesh

42.0290 ⁷UO2 ( 45ɡm)╩ ⌐╟╡

7.9712   ⁷ɖ-Fe2O3  1ɡm

32.9516 ⁷ ( 45ɡm)

6.8155   ⁷99.9%up  3 5ɡm

0.5392 ⁷ ⁷99.8

32.6832 ⁷ ( 45ɡm)

6.7560   ⁷99.9%up  3 5ɡm

0.5576   ⁷99.9%up  0.5ɡm

Cs2CO3 3.4965 ⁷ ⁷99.99

SrCO3 0.6363 ⁷ ⁷99.99

Nd2O3 12.2808 ⁷ ⁷99.9 ⁷7ɡm

120.0175 ⁷ ( 45ɡm)

6.1557 ⁷

33.6458 ⁷ ( 45ɡm)

6.6197   ⁷99.9%up  3 5ɡm

31.5575 ⁷ ( 45ɡm)

6.5277   ⁷99.9%up  3 5ɡm

11.9159   ⁷99.999%up  2 3ɡm

41.4300 ⁷ ( 45ɡm)

8.5690   ⁷99.9%up  3 5ɡm

68.6670   ( 45ɡm)

31.3343 ⁷ ⁷3N⁷ ⌂⇔

20.7070 ⁷ ( 45ɡm) No.9≢ ⇔√╙─

2.9410   ⁷99.9%up  3 5ɡm

59.2200   ( 45ɡm)

26.9989 ⁷ ⁷3N⁷ ⌂⇔

43.1210 ⁷ ( 45ɡm)

6.1253 ⁷ ⁷99.9 up⁷3 5ɡm

0.7552 ⁷ ⁷99 up⁷0.5ɡm

Cs2CO3 3.4965 ⁷ ⁷99.99

SrCO3 0.6363 ⁷ ⁷99.99

Nd2O3 12.2808 ⁷ ⁷99.9 ⁷7ɡm

29.1650 ⁷ ( 45ɡm)

1.1204 ⁷

13.3107 ⁷ ⁷3N⁷ ⌂⇔

34.8770 ⁷ ( 45ɡm)

4.8241 ⁷ ⁷99.9 up⁷3 5ɡm

0.3001 ⁷ ⁷99 up⁷0.5ɡm

30.0660 ⁷ ( 45ɡm)

13.7212 ⁷ ⁷3N⁷ ⌂⇔

29.1910 ⁷ ( 45ɡm)

4.1468 ⁷ ⁷99.9 up⁷3 5ɡm

31.8286 ⁷ ( 45ɡm)

5.1724   ⁷99.9%up  2 3ɡm

59.2200   ( 45ɡm)

26.9989 ⁷ ⁷3N⁷ ⌂⇔

UO2-Fe-Al 2O3

10 UO2-ZrO2-Fe

Fe

9 UO2-ZrO2

UO2

ZrO2

8 UO2-Fe
UO2

(U+Zr)O2

Fe

2 UO2-SUS

3 U3O8-Fe2O3
Fe2O3

UO2

Fe4

Fe

UO2

FP

Na2CO3

UO2

Fe

B4C

UO2-Fe-Na

5 UO2-Fe-B4C

6 UO2- Fe-FP

7 Fe

Al2O3

UO2

FP

UO2-FP

UO2

Fe

UO2

SUS

U3O8

1 UO2-Fe

14 UO2-SiC
UO2

SiC

Fe

B4C

ZrO2

UO2-FP-ZrO2

Fe

11 UO2-ZrO2-Fe-B4C

UO2

ZrO2

UO2-ZrO2

16
UO2-ZrO2

⁸

UO2

ZrO2

B4C

13 UO2-ZrO2-Fe⁸

UO2

ZrO2

UO2-ZrO2

Fe

12 UO2-ZrO2-Fe-B4C-FP

FP

UO2

FP

(g)
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3.1.1.4 - 3 ─ ICP- MS/AES  

U Fe - - - - -

73.0 17.1 - - - - -

71.0 16.5 - - - - -

U Fe Cr Ni Mo*2 - -

73.0 11.5 3.02 2.17 0.44 - -

70.4 10.8 2.83 2.04 0.42 - -

U Fe - - - - -

71.3 11.1 - - - - -

70.1 11.1 - - - - -

U Zr - - - - -

60.5 23.2 - - - - -

58.8 22.7 - - - - -

U Zr Fe - - - -

53.0 20.3 12.4 - - - -

50.8 19.6 12.0 - - - -

U Fe Na - - - -

72.1 16.9 0.58 - - - -

72.4 17.2 7.4E-02 - - - -

U Fe B - - - -

72.0 16.9 1.09 - - - -

72.0 16.9 1.01 - - - -

U Fe Cs Sr Nd - -

70.1 16.4 0.71 0.09 2.62 - -

71.6 16.5 7.8E-05 0.09 2.56 - -

U Fe Al - - - -

55.6 13.1 12.6 - - - -

55.7 13.2 12.7 - - - -

U Fe - - - - -

73.0 17.1 - - - - -

71.0 16.5 - - - - -

U Zr Fe B - - -

52.2 20.0 12.2 1.19 - - -
50.4 18.9 12.0 1.12 - - -

U Zr Fe B Cs Sr Nd

51.4 19.7 12.1 0.58 0.39 0.05 1.44

49.5 19.1 11.5 0.58 5.00E-05 0.05 1.33

U Zr Fe - - - -

53.0 20.3 12.4 - - - -

51.4 19.9 12.1 - - - -

U Si - - - - -

76.8 9.06 - - - - -

75.5 7.10 - - - - -

U Zr - - - - -

60.5 23.2 - - - - -

59.2 22.5 - - - - -

*3  UO2 2

2
0
1
7

UO2-Fe-Na

UO2-Fe-B 4C

UO2-Fe-FP

UO2-ZrO2

2
0
1
5

UO2-SiC

UO2-Fe

UO2-SUS*1

UO2-ZrO2-Fe-B 4C

UO2-ZrO2-Fe-B 4C-FP

UO2-ZrO2

U3O8-Fe2O3

UO2-ZrO2

UO2-ZrO2-Fe

2
0
1
6

UO2-Fe-Al 2O3

UO2
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3.1.1.4 - 1 UO2- Fe ♦Ⱪꜞ ⱨ꜡כ 

 

 

3.1.1.4 - 2 UO2- SUS ♦Ⱪꜞ ⱨ꜡כ
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3.1.1.4 - 3 U3O8- Fe2O3 ♦Ⱪꜞ ⱨ꜡כ 

 

 

3.1.1.4 - 4 UO2- Fe- Na ♦Ⱪꜞ ⱨ꜡כ 
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3.1.1.4 - 5 UO2- Fe- B4C ♦Ⱪꜞ ⱨ꜡כ 

 

 

 

3.1.1.4 - 6 UO2- Fe- FP ♦Ⱪꜞ ⱨ꜡כ 
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3.1.1.4 - 7 UO2- Fe- Al 2O3 ♦Ⱪꜞ ⱨ꜡כ 

 

 

 

3.1.1.4 - 8 UO2- Fe ♦Ⱪꜞ ⱨ꜡כ 
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3.1.1.4 - 9 UO2- ZrO2 ♦Ⱪꜞ ⱨ꜡כ 

 

 

 

 

3.1.1.4 - 10 UO2- ZrO2- Fe ♦Ⱪꜞ ⱨ꜡כ 
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3.1.1.4 - 11 UO2- ZrO2- Fe- B4C ♦Ⱪꜞ ⱨ꜡כ 

 

 

 

 

 

 

3.1.1.4 - 12 UO2- ZrO2- Fe- B4C- FP ♦Ⱪꜞ ⱨ꜡כ 



 

3.1.1 - 53 

 

 

 

 

 

3.1.1.4 - 13  UO2- ZrO2- Fe ♦Ⱪꜞ ⱨ꜡כ 

 

3.1.1.4 - 14  UO2- SiC ♦Ⱪꜞ ⱨ꜡כ 



 

3.1.1 - 54 

 

 

 

3.1.1.4 - 15  UO2- ZrO2 ⁸ ♦Ⱪꜞ ⱨ꜡כ 

 

 

3.1.1.4 - 16  UO2- Fe ┘ UO2- SUS ♦Ⱪꜞ SEM/EDX  
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3.1.1.4 - 17  U 3O8- Fe2O3 ┘UO2- Fe- Na ♦Ⱪꜞ SEM/EDX  

 

3.1.1.4 - 18  UO2- Fe- B4C ┘ UO2- Fe- FP ♦Ⱪꜞ SEM/EDX  
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3.1.1.4 - 19  UO2- Fe- Al 2O3 ┘UO2- Fe ♦Ⱪꜞ SEM/EDX  

 

 

 

3.1.1.4 - 20  UO2- ZrO2 ┘UO2- ZrO2- Fe ♦Ⱪꜞ SEM/EDX  
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3.1.1.4 - 21  UO2- ZrO2- Fe- B4C ┘ UO2- ZrO2- Fe- B4C- FP ♦Ⱪꜞ SEM/EDX  

 

 

 

 

3.1.1.4 - 22  UO2- ZrO2- Fe ┘ UO2- ZrO2 ⁸ ♦Ⱪꜞ SEM/EDX  
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3.1.1.4 - 23  UO2- SiC ♦Ⱪꜞ ⁸SEM/EDX  
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3.1.1.4 - 24  UO2- Fe ┘ UO2- SUS ♦Ⱪꜞ XRD  
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3.1.1.4 - 25  U 3O8- Fe2O3 ┘UO2- Fe- Na ♦Ⱪꜞ XRD  
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3.1.1.4 - 26  UO2- Fe- B4C ┘ UO2- Fe- FP ♦Ⱪꜞ XRD  
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3.1.1.4 - 27  UO2- Fe- Al 2O3 ┘UO2- ZrO2 ♦Ⱪꜞ XRD  

2ɝ:20 40°            2ɝ:4 0 75° 
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3.1.1.4 - 28  UO2- ZrO2- Fe ┘ UO2- ZrO2- Fe- B4C ♦Ⱪꜞ XRD  






















































































































































































































































