
 

 

 

 

 

 

 

4  

 

  

◦☻♥ⱶ  

 

 

─ ▬fiⱨꜝ╩ ⇔√ 

RI─ ⌐ ↑√  

 
 

 

 

 

 
 

 

 

 

 

5 3  

  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

│⁸ ─ ◦☻♥

ⱶ ⌐╟╢ ≤⇔≡⁸

⅜ ⇔√

2 - 4 ₈ ─ ▬fi

ⱨꜝ╩ ⇔√ RI ─ ⌐

↑√ ₉─ ╩ ╡╕≤╘√╙─

≢∆⁹ 



ч 

 

 

 ................................ ................................ ....... ю 

 

1.│∂╘⌐ ................................ ................................ . 1- 1 

 

2.   

2.1  ................................ .............................. 2.1 - 1 

2.2 ─ ┘ ─  ................................ .......... 2.2- 1 

 

3. ─ ┘  ................................ ................... 3.1.1 - 1 

3.1 Mo- 99 ⱪ꜡☿☻─ (PWR)┼─  ......................... 3.1.1 - 1 

 3.1.1 Mo- 99 ─ ( NucMed)ₒR2x 3.1.1 - 1 

 3.1. 2 PWR Mo ─♩♇◕כ♃ ( MHI⁸JAEA)ₒR2- R3ₓ Ν  3.1.2 - 1 

 3.1. 3 Mo- 99 ⱪ꜡☿☻─ ( MHI⁸JAEA)  ₒR2- R4ₓ ........... 3.1 . 3(1) - 1 

 3.1.4 Mo- 98 ⱪ꜡☿☻─ ( MHI⁸JAEA)  ₒR2- R4ₓ ........... 3.1 . 4(1) - 1 

 3.1. 5 ─ⱶכ◐☻ ( MHI)  ₒR2,R4ₓ ....................... 3.1.5 - 1 

3.2 ≢─ Ac- 225  ................................ ................ 3.2- 1 

 3.2.1 ♩♇◕כ♃ ≤ Ɽ☻─ ₒR2x  ................ 3. 2- 1 

 3.2.2 ╛ ─ ₒR3ₓ  ........................ 3. 2- 1 

3.2.3 ה ┼─ ₒR4ₓ  ........................ 3. 2- 1 

3.3 ₈ ₉ ≢─ Mo- 99  ................................ ..... 3.3 .1 - 1 

 3.3.1 ⌂ ─ ( ⁸ JAEA ₒR2- R4ₓ ............ 3.3 .1 - 1 

 3.3. 2 ─ ( JAEA - JOYOₒR2- R3ₓ ................ 3.3 .2 - 1 

3.3. 3 ─ ( JAEA - JOYO,FMF ₒR2- R4ₓΝΝΝ3. 3. 2- 1 

 3. 3.4₈ ₉≢─  ( JAEA - JOYOₒR3- R4ₓΝΝΝ3. 3.4- 1 

3.4 ₈ ₉ ≢─ Ac- 225  ................................ ..... 3.4 .1 - 1 

 3.4.1 Ac- 225 ─ ₒR2- R4ₓ .......... 3. 4.1- 1 

 3.4. 2 Ac- 225 NucMedₒR2x  ......................... 3. 4.2- 1 

3.4. 3 ⌂ ─ ( ⁸ JAEA - JOYOₒR2- R4ₓ ........ 3. 4.3- 1 

3.4. 4 ╖ Ra- 226⅛╠─ Ac ⁸Ra- 226 JAEA  

ₒR2- R4ₓ ................................ .......................... 3. 4.4- 1 

 3.4.5₈ ₉≢─ JAEA - JOYOₒR3- R4ₓ ..... 3. 4.5- 1 

3. 5 ≢ ↕╣╢ RI─ ≤ ⌐≈™≡─  

 3.5.1  Ac- 225─ ה ⌐ ╢ ─ ₒR2- R4ₓ .................... 3.5- 1 

 3.5.2  Mo- 99 ┘ Tc- 99m─ ─ ≤─ ₒR3ₓ ............... 3.5- 2 

3. 6 ₒR2- R4ₓ  ................................ ........... 3.6- 1 

 

4.  ................................ ........................... 4.1 



 

ii  

 

 

 

 

ₒ3.1. 3(1)ₓMHI 

3.1.3(1) - 1 ─ ─  .......................  3.1.3(1) - 5 

3.1.3(1) - 2 MoO3 Ɑ꜠♇♩⌐ ╕╣╢ ─  ........  3.1.3(1) - 5 

3.1.3(1) - 3 MoO3 Ɑ꜠♇♩ 48 ⌐⅔↑╢ Tc- 99m⌐ ∆╢

─ ─  ................................ .....  3.1.3(1) - 6 

3.1.3(1) - 4  ─ ─  ..............................  3.1.3(1) - 7 

3.1. 3(1) - 5   ................................ ...........  3.1.3(1) - 8 

3.1.3(1) - 6  Mo- 99 ⱪ꜡☿☻ ┘ Tc- 99m ─ ⱪ꜡☿☻ ⱴ☻Ᵽꜝfi☻ ⌐⅔↑

╢  ................................ ..............  3.1.3(1) - 9 

ₒ3.1.3( 2)ₓMHI 

3.1.3(2) - 1 ⌡∂☺ꜗ♇◐ ♃♇◌ꜝכ꜡ ╡⌐ ≤ ♩ꜟ◒⌐  

 ................................ ..........................  3.1.3( 2) - 4 

ₒ3.1.3 (3ₓJAEA 

 3.1.3(3) - 1  ................................ ............... 3.1.3(3) - 6 

 3.1.3(3) - 2 ┘  ................................ ....... 3.1.3(3) - 6 

 3.1.3(3) - 3 X Ⱨכ◒ ................................ ............. 3.1.3(3) - 7 

 3.1.3(3) - 4  ................................ ........... 3.1.3(3) - 7 

 3.1.3(3) - 5 Mo ─  ................................ ....  3.1.3(3) - 11 

 3.1.3(3) - 6 NaOH  ................................ ..............  3.1.3(3) - 11 

 3.1.3(3) - 7 Mo ⌐⅔↑╢ SUS ─  ..................  3.1.3(3) - 11 

 3.1.3(3) - 8  ................................ ...  3.1.3(3) - 11 

 3.1.3(3) - 9 ⱨ▫ꜟ♃כ  .......................  3.1.3(3) - 12 

 3.1.3(3) - 10  ............................  3.1.3(3) - 12 

 3.1.3(3) - 11 ⌐ ∆╢ ─  ..........................  3.1.3(3) - 12 

 3.1.3(3) - 12 ⌐ ∆╢  ........................  3.1. 3(3) - 13 

 

ₒ3.1. 4(1)ₓMHI 

3.1.4(1) - 1 Mo- 98 ⱪ꜡☿☻ ⱴ☻Ᵽꜝfi☻ ⌐⅔↑╢  .......  3.1.4(1) - 3 

 3.1.4(1) - 2  ................................ ........  3.1.4(1) - 3 

3.1.4(1) - 3 ┘ Mo  ..............  . 3.1.4(1) - 4 

3.1.4(1) - 4 ┘ Mo  ...............  3.1.4(1) - 5 

 

 

 

 



 

iii  

 

ₒ3.1.4 ( 2)ₓJAEA 

3.1.4(2) - 1 Mo ╖▪ꜟⱵ♫─ ─ ΝΝΝΝΝΝΝΝΝΝΝ.3. 1.4(2) - 5 

 3.1.4(2) - 2 ⁸ ─ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ.. 3.1.4(2) - 5 

 3.1.4(2) - 3 Mo ▪ꜟⱵ♫ ┘Mo ΝΝΝΝΝΝΝΝΝΝ..3.1.4(2) - 5 

 3.1.4(2) - 4 ─ ─ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ..3.1.4(2) - 5 

 3.1.4(2) - 5 ⸗ꜞⱩ♦fi ╤ ┘ ⸗ꜞⱩ♦fi ΝΝΝΝ..3.1.4(2) - 6 

 3.1.4(2) - 6 ⸗ꜞⱩ♦fi ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ(2)3.1.4ה - 6 

3.1.4(2) - 7 ⸗ꜞⱩ♦fi ╤ ┘ ⸗ꜞⱩ♦fi ΝΝ..3.1.4(2) - 6 

 3.1.4(2) - 8 ⸗ꜞⱩ♦fi ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ..3.1.4(2) - 6 

 3.1.4(2) - 9 ⸗ꜞⱩ♦fi ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ..3.1.4(2) - 7 

 3.1.4(2) - 10 ─Mo ┘ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝ..3.1.4(2) - 7 

 3.1.4(2) - 11 99mTc ⅛╠ ∆╢ 98Mo╩ ╗ ─ ( ) ., 3.1.4(2) - 8 

 

ₒ3.2ₓ   

3.2.3 - 1  ................................ ....................... 3.2- 10 

3.2.3 - 2 ─  ···············································3.2- 11 

3.2.3 - 3  ···················································3.2- 11 

3.2.3 - 4  ·······················································3.2- 11 

3.2.3 - ♩♇◕כ♃ 5  ·············································3.2- 11 

3.2.3 - 6 Ra- 226/Th- 230 ⌐ ℮ ┼─  ·························3.2- 12 

3.2.3 - 7 Th- 232 ♩♇◕כ♃ ⌐ ℮ ┼─  .................. 3.2- 12 

3.2.3 - 8 Th- 232 ♩♇◕כ♃ ⌐ ℮♪♇ⱪꜝכ ┼─  ··········3.2- 13 

3.2.3 - 9 Th- 232 ♩♇◕כ♃ ⌐ ℮Ⱳ▬♪ ┼─  ··············3.2- 13 

 

ₒ3.3.1 5 ₓJOYO 

3.3.1(5 ) - 1   ................................ ................... 3.3.1 - 4 

 

ₒ3.4.3(5 )ₓJOYO 

3.4. 3( 5) - 1  ................................ ................... 3.4. 3- 5 

 

ₒ3.4.4ₓ  

3.4. 4- ╡╟⌐ORIGEN ♪כ◖ 1 ⇔√⁸ ─ Ra ⌐

╕╣╢ ≤∕─ ┘  .............................. 3.4. 4- 4 



 

iv  

 

 

ₒ2.1ₓ 

2.1- 1 ╩ ∂√ ( 1/3)  ...............................  2.1 - 1 

2.1- 1 ╩ ∂√ ( 2/3)  ...............................  2.1- 2 

2.1- 1 ╩ ∂√ ( 3/3)  ...............................  2.1- 3 

2.1- 2 4  ................................ ........  2.1- 4 

 

ₒ3.1. 3(1)ₓMHI  

3.1.3(1) - 1 Mo- 99 ⱪ꜡☿☻ ┘ Tc- 99m ─ ⱪ꜡☿☻(1)3.1.3הההההה - 10 

 

ₒ3.1.3 ( 2)ₓMHI  

3.1.3(2) - 1◌ⱪ☿ꜟ ▬ⱷכ☺ ₒR3 ₓ .................  3.1.3( 2) - 5 

3.1.3(2) - 2◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ (1/4)  .................. 3.1.3( 2) - 5 

3.1.3(2) - 3◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ ( 2/4)  .................. 3.1.3( 2) - 5 

3.1.3(2) - 4◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ ( 3/4)  .................. 3.1.3( 2) - 6 

3.1.3(2) - 5◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ ( 4/4)  .................. 3.1.3( 2) - 6 

3.1.3(2) - 6  ................................ ................ 3.1.3( 2) - 6 

3.1.3(2) - ♃♇◌ꜝכ꜡7 ⇔ ↑  ................................ .... 3.1.3( 2) - 7 

3.1.3(2) - ╢╟⌐♃♇◌ꜝכ꜡8  ................................ .. 3.1.3( 2) - 7 

3.1.3(2) - 9 ⇔√◌ⱪ☿ꜟ─ ╡  ................................ .... 3.1.3( 2) - 8 

 

ₒ3.1.3( 3)ₓMHI 

3.1.3(3) - 1 ┘  ................................ .  3.1.3(3) - 5 

3.1.3(3) - 2 MoO3X ⱪ꜡ⱨ□▬ꜟ ................................ ..  3.1.3(3) - 6 

3.1.3(3) - 3 ⱪ꜡☿☻ⱨ꜡כ ................................ .......  3.1.3(3) - 8 

3.1.3(3) - 4 ⱨ꜡כ◦כ♩ ................................ .........  3.1.3(3) - 8 

3.1.3(3) - 5  ................................ .......  3.1.3(3) - 9 

3.1.3(3) - 6   ................................ .......  3.1.3(3) - 9 

3.1.3(3) - 7 MoO3─ Ge  .....................  3.1.3(3) - 10 

3.1.3(3) - 8 Mo ┘ Tc- 99m ─ Ge  ..........  3.1.3(3) - 10 

3.1.3(3) - 9 ⱨ▫ꜟ♃כ ...............................  3.1.3(3) - 10 

 

ₒ3.1.4(1 )ₓ 

3.1.4(1) - 1 Mo- 98 ⱪ꜡☿☻ ................................ ........  3.1.4(1) - 6 

 

ₒ3.1.4( 2)ₓJAEA 

3.1.4(2) - 1 PWR⌐⅔↑╢ Mo- 99/Tc- 99m ─ ⱨ꜡כ( )  ............  3.1.4(2) - 9 

3.1.4(2) - 2 ⌐ ╘╢ Mo- 99 ─ ◖☻♩  (♥◒Ⱡ◦fi♅  (285 /10MBq)

─ ╩ )   ................................ ...........  3. 1.4(2) - 9 



 

v 

 

ₒ3.1.5ₓMHI  

3. 1. 5- ⱶכ◐☻ 1  ................................ ..............  3.1.5 - 4 

 

ₒ3.2.3ₓ   

3.2.3 - 1 Ra-226(3n,2ɗ)Ɽ☻ ................................ ............. 3.2- 14 

3.2.3 - 2 Th-230(3n,ɖ2ɗ)Ɽ☻ ................................ ........... 3.2- 14 

3.2.3 - 3 ⌐ ™√17×17 ─  .................... 3.2- 15 

3.2.3 - 4 ⌐ ™√ Ɽ♃כfi ........................... 3.2- 15 

3.2.3 - 5 ─ Ⱨfi≤ Gd Ⱨfi─  .................. 3.2- 16 

3.2.3 - 6 ⱪꜝ◑fi◓♦Ᵽ▬☻≤ PWR┼─♃כ◕♇♩  ................. 3.2- 17 

3.2.3 - 7 ─ Ra- 226/Th- 230 ♩♇◕כ♃  ................. 3.2- 18 

3.2.3 - 8 Ra- 226/Th- 230 ╩♩♇◕כ♃ ⇔√ ─  ....... 3.2- 18 

3.2.3 - 9 ─  ................................ ............... 3.2- 19 

3.2.3 - )Ⱨfi♩♇◕כ♃ 10 0.2 ) ─  .................... 3.2- 19 

3.2.3 - )Ⱨfi♩♇◕כ♃ 11 0.3 ) ─  .................... 3.2- 20 

3.2.3 - 12 ─ ♩♇◕כ♃) 0.2 )  ................ 3.2- 21 

3.2.3 - 13 ─ ♩♇◕כ♃) 0.3 )  ................ 3.2- 21 

3.2.3 - 14 ─ ♩♇◕כ♃) 0.2 )  .................. 3.2- 22 

3.2.3 - 15 ─ ♩♇◕כ♃) 0.3 )  .................. 3.2- 22 

3.2.3 - ♩♇◕כ♃ 16 ▬ⱬכ◘ ♩♇◕כ♃) 0.2cm) .............. 3.2- 23 

3.2.3 - ♩♇◕כ♃ 17 ▬ⱬכ◘ ♩♇◕כ♃) 0.3cm) .............. 3.2- 23 

3.2.3 - 18 ─ Th- 232 Ⱨfi♩♇◕כ♃  ................... 3.2- 24 

3.2.3 - 19 Th- 232 ♩♇◕כ♃ ─  ....................... 3.2- 24 

3.2.3 - 20 Ra- 226(1g)/Th- 230 -─♩♇◕כ♃ 229  .................. 3.2- 25 

3.2.3 - 21 Th- 232 ─♩♇◕כ♃ Th- 229  .......................... 3.2- 26 

3.2.3 - 22 Th- 232⅛╠─ Th- 229 Ɽ☻ ··································3.2- 26 

3.2.3 - 23 Th- 232/ Th- 230 ≤ Th- 229 ─ ⌐ ™√ 

♩♇◕כ♃┘ ─  ···························3.2- 27 

3.2.3 - 24 Th- 232/ Th- 230 ≤ Th- 229 ─  ·······················3.2- 28 

3.2.3 - 25 Th- 229⅛╠ 30 ⌐ Ac- 225╩Ⱶꜟ◐fi◓∆╢ ─ 

Ac- 225  ···············································3.2- 29 

3.2.3 - ─♩♇◕כ♃ 26 ┘⁸  ·······························3.2- 30 

3.2.3 - ─♩♇◕כ♃ 27  ·············································3.2- 31 

3.2.3 - 28 Th- 232 ─♩♇◕כ♃ U- 233  ····························3.2- 32 

 

ₒ3.3. 1(5)ₓJAEA- JOYO 

3.3.1(5) - ꜡ꜟ◌♥fi⸗ꜟ♃כ♩ 1 ⌐ ≠ↄ ⱨ꜡3ההההההההה כ. 3.1- 2 

3.3.1(5) - .3הההההההההההההההההההההההה  2 3. 1- 3 



 

vi  

 

 

ₒ3.3.4ₓJAEA- JOYO 

3.3.4 - 1 ◐ꜗⱪ☿ꜟ─ .3הההההההההההההההההה  3. 4- 2 

3.3.4 - 2 Mo- 99/Tc- 99m ⌐ ↑√ ( ) .3 ההההההההה   3.4 - 3 

  

ₒ3.4.3( 5)ₓJOYO 

3.4.3(5) - ꜡ꜟ◌♥fi⸗ꜟ♃כ♩ 1 ⌐ ≠ↄ ⱨ꜡3.4ההההההההה כ. 3- 2 

 

ₒ3.4.4ₓ  

3.4.4 - 1 TODGA( a)≤ HDEHP(b)─ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝ3.4.4 - 5 

3.4.4 - 2 ה ─ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ3.4.4 - 5 

3.4.4 - ה 3 ─ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ3.4.4 - 6 

3.4.4 - 4 Ln ꜠☺fi┼─ [ a]≤ [ b]─ ΝΝΝΝΝΝΝΝ3.4.4 - 6 

3.4.4 - 5 Ba ─ⱪ꜡☿☻ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ3.4.4 - 7 

3.4.4 - 6 MnO2꜠☺fi─ ─ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ3.4.4 - 7 

3.4.4 - 7 Ba─ ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ3.4.4 - 8 

3.4.4 - 8 ↕╣╢ Ac- 225 ⱪ꜡☿☻≤ Ra- 226─ ⱪ꜡☿☻ΝΝΝΝΝ 3.4.4 - 8 

3.4.4 - 9 DGA꜠ ☺fi(a) ┘ Ln꜠☺fi(b)─ ה ≤ ─ 

ɖ☻Ɑ◒♩ꜟΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ3. 4.4- 9 

 

ₒ3.4. 5ₓJOYO 

3.4.5 ( 2) - 1 ◐ꜗⱪ☿ꜟ─ Ν.3.4הההההההההההההההההה. 5- 4 

3.4.5 ( 2) - 2 Ac- 225 ⌐ ↑√ ( ) .. .3.4ההההההההההההה 5- 5 

 



 

vii  

 

 

PWR Pressurized  Water Reactor ( )  

ECT Eddy Current  Test  ( )  

 ⁸ ⁸ ┘ ─ ⌐ ∆╢  

RI  ─ ⌐ ∆╢  

JMTR :  Japan Mater ia l  Test ing Reactor   

HIP :  Hot Isostatic Pressing   

SPS :  Spark Plasma Sintering  ⱪꜝ☼ⱴ  

RI :  Radioisotope   

%T.D. Theoretical Density    

atom% atomic percentage  ⁸  

wt% weight percent  ⁸ Ɽכ☿fi♩  

PIE  Post Irradiation Experiment     

DGA꜠☺fi N,N,N',N'-tetra-n-octyldiglycolamide╩ ≤∆╢ ◒꜡ⱴ♩◓ꜝⱨ▫כ  

k- eff  effective multiplication factor   (  

HEU High Enriched Uranium           ( ►ꜝfi  

I RAF Irradiation Rig Assembling Facility    

FMF Fuel Monitoring Facility    

EFPY Effective Full Power Year   

EFPD Effective Full Power Day   

MEK   methyl ethule keton                              ⱷ♅ꜟ◄♅ꜟ◔♩fi  

AVLIS     :Atomic Vaper Laser Isotope Separation           ꜠כ◙כ  

MHI    

NucMed  ▪▬♁♩כⱪ  

JAEA    

   



 

viii  

 

 

≢│⁸ ─ RI ≤⇔≡ ╙ ─ ™ Mo/Tc≤ ɖ ↑ ɖ

≤⇔≡ ∕─ ⅜ ↕╣≡™╢ Ac- 225 ─ 2 ─ ≤ ╩ ℮

─ ⌐╟╡ ה ─ ⌐ ╢ ╩ ℮⁹

⌐│⁸ ≥♩♇◕כ♃ ─ ⁸ ⅛╠─ RI ⁸

⌂≥─ ⌐╟╡⁸ ─ ⌐ ∆╢ ╩ ℮≤≤╙⌐

╩ ╪∞ ─ ≤⇔≡─ RI ≤™℮▬ⱡⱬכ◦ꜛfi≤ ⌐ ∆

╢ ─ ╩ ∆⁹  

 

╩ ↔≤⌐ ⌐ ∆⁹ 

(1)  Mo- 99 ⱪ꜡☿☻─ (PWR)┼─  

ᵑ Mo- 99 ─ NucMed  

ⱷכ◌ ≤ Mo ≢ ™ ╩ ה ⇔  

√⁹  

ᵒPWR Mo ─♩♇◕כ♃  

1)PWR ⁸ ┘ ( MHI)  

 PWR╩ ™√Mo- 99 ⌐ ⇔⁸PWR─ ╩ ⅛⇔⁸ ─ ™

─♩♇◕כ♃ ╩ ∫√⁹ ─ ≢│⁸MoO3Ɑ꜠♇♩ ┘

─ ─ ╩ ℮≤≤╙⌐⁸ ─♩♇◕כ♃ ╩ ∆╢√╘─

╩ ⇔⁸ ┼─ ⌐⅛⅛╢ ╩ ∫√⁹  

2) JAEA  

─♩♇◕כ♃  ─√╘⁸◌ⱪ☿ꜟ ♩♇◕כ♃ Ⱪכꜙ♅┘

◌ⱪ☿ꜟ⌐ ⇔⁸ ─ ⌐ ∆╢√╘─ ╩ ∫√⁹  

PWR ≢ ╩ ℮⌐ √∫≡ ₁⌂ⱪ꜡☿☻≢ ╘╠╣╢ ─♩♇◕כ♃

╩⁸ ╩ ⌐ ∫√⁹  

ᵓMo- 99 ⱪ꜡☿☻─  

1) MHI  

╩MoO3╢⌂≥♩♇◕כ♃ ⇔√─∟⌐ ∆╢ ⌐≈™≡ ╩

⇔⁸ ≤⇔≡─ ─ ≤ ╠⇔ ∑⁸ ╩ ⅎ╢ ╩ ⇔√⁹

⇔√ ⌐≈™≡⁸∕─ ⌐≈™≡ ⇔√⁹ 3 ╕≢⌐ ⇔√ⱪ

꜡☿☻ⱨ꜡כ─ ⇔╩ ⇔√⁹2≈─ ≢ ⇔√ MoO3 (HIP ┘SPS

)⌐≈™≡⁸ ─ ™⌐╟╢Ɑ꜠♇♩ ─ ─ ─ ™╩ ⇔⁸

─ ╣ ⌐ ╩ ╓∆ ⅜ ↕╣√⁹ 

  2) ⌐ ≠ↄ ( JAEA)  

PWR≢ ⇔√MoO3 ╩ ⇔⁸ ⱷכ◌⌐ ∆╢√╘─ⱪ꜡☿☻─

⌐≈™≡⁸ ⌐ ≠ↄ ─ ╩ ∫√⁹  

ⱪ꜡☿☻─ ⌐№√∫≡│⁸ ⌐ ≠™√ ™ ╩ ⇔⁸

─ ╩╕≤╘╢≤≤╙⌐PWR≢RI╩ ∆╢ ─ ╩╕≤╘√⁹  

  3) ─ MHI  



 

ix  

 

PWR≢ ⇔√MoO3 ╩ ⇔⁸ ⱷכ◌⌐ ∆╢√╘─ⱪ꜡☿☻─ ⌐≈

™≡⁸ 3 ╕≢─ ╩ ╕ⅎ⁸ ⱪ꜡☿☻ ─ ╩ ⇔√⁹ 

  4) ─ ( JAEA)  

─ MoO3Ɑ꜠♇♩┼─ ─ ─√╘⁸HIP ≢ ⇔√MoO3 ─

╩ ⇔√⁹↓╣╕≢─ ╩ ╕ⅎ⁸ ⱷכ◌⌐ ∆╢√╘─Mo

─ ╩╕≤╘√⁹ MoO3Ɑ꜠♇♩╩ ∆╢√╘─Mo ⌐≈

™≡⁸ ⱪ꜡☿☻≤ ⱪ꜡☿☻─2≈─ ╩ ∆╢ ≤∆╢↓≤⌐╟╡⁸

─ ╩ ╢≤≤╙⌐⁸ ─ ╩ ⇔√⁹ 

ᵔMo- 98 ⱪ꜡☿☻─  

1 MHI  

ⱷכ◌⅛╠ ↕╣╢ Mo ⅛╠⁸ ⌐♩♇◕כ♃ ∆╢MoO3

≤⇔≡ ∆╢ⱪ꜡☿☻─ ⌐ ↑⁸ ⱪ꜡☿☻ ─ ╩ ∫√⁹Mo ⅛

╠─Mo ─ ⌐ ≠™≡⁸ 3 ╕≢⌐ ⇔√ⱪ꜡☿☻ⱨ꜡כ─

⇔╩ ⇔√⁹╕√⁸ ─MoO3╩ ⇔√ ─ ≤Mo- 98╩98 %

⇔√ ─ ╩ ⌐≡ ⇔√⁹ 

2) Mo ⅛╠─Mo- 98 JAEA  

≤⇔≡⁸ ─Mo ╩ ™≡⁸ ™ ⅜ ≢⅝╢

╩ ⇔⁸ ⱷכ◌⅛╠ ↕╣╢ Mo ⅛╠⁸ ◕כ♃

♇♩⌐ ∆╢ ⸗ꜞⱩ♦fi ( MoO3)≤⇔≡ ∆╢ⱪ꜡☿☻ ╩ ⇔√⁹     

≢─ ╖Mo ─ꜞ◘▬◒ꜟ ─ ┘Mo╩ ⇔≡MoO3Ɑ꜠♇

♩≤⇔≡ ∆╢ⱪ꜡☿☻─ ╩ ⇔√  

3) ─ JAEA  

Mo- 98╩ ∆╢↓≤╩ ⇔√ ╩ ⇔⁸ ─ ╩

∫√⁹  

4 ◖☻♩ JAEA  

ⱷכ◌⅛╠ ↕╣╢ Mo ╩ ⇔⁸ ⌐♩♇◕כ♃ ∆╢MoO3

≤⇔≡ ∆╢ⱪ꜡☿☻─ ⅛╠⁸ ⱪ꜡☿☻─◖☻♩ ╩ ™⁸

─MoO3╩ ⇔√ ≤─ ╩ ™⁸∕─ ─ ╩ ∫√⁹ 3 ─

ⱪ꜡☿☻⌐ ≠™√ ┘ ⌐╟╡⁸ ⌐Mo╩ ↕∑√

(Al 2O3)⅛╠─MoO3 ─ ⅜90 % ╩ ∆╢↓≤╩ ⇔√⁹ ⌐ ≠⅝⁸

MoO3 │ MoO3 ╟╡ ≢№╢⅜⁸ ⱪ꜡☿☻─ ⌐╟╡⁸

≢№╢ √╡─Tc- 99m ─ ⌐ ⇔⅜ ╠╣⁸

⅜ ™↓≤╩ ⇔√⁹  

ᵕ ─ⱶכ◐☻ MHI  

3 ╕≢─ ╩ ⌐⁸PWR╩ ™√ Mo- 99 ─ ─ⱶכ◐☻ ╩

™⁸RI ⌐⅛⅛╦╢ ─ ╩╕≤╘∕─ ⇔╩ ⇔√⁹ ⁸

⅛╠─ ⌐╟╡ ⅛╠─ ⅜ ↕╣≡™√⅜⁸ ≢─ ⌐ ⇔≡ ≤

⌂╢ ≤⇔≡ ה ╩ ╗ ╩ ⇔⁸ ⅜ⱦ☺Ⱡ☻ ╩ ∆╢

╩ⱶכ◐☻ ⇔√⁹╕√⁸Mo- 99 ⱪ꜡☿☻─ ⌐№√╡⁸ ╛ ─



 

x 

 

┼ ∆╢ ╩ ╕ⅎ√⁸ ⌐ ≠™√ ╡ ™ ⌐≈™≡ ⇔⁸

─ⱶכ◐☻ ⇔ ┘ ╩ ⇔√⁹ 

 

(2)  ≢─Ac- 225  

ᵑ♃כ◕♇♩ ≤ Ɽ☻─  

( PWR) ≢Ac- 225╩ ∆╢√╘─⁸ ♩♇◕כ♃ ≤∕─ Ɽ☻

⌐≈™≡ ⇔⁸ ⌂Ac- 225 ╩ ⇔√⁹ ♩♇◕כ♃ ≤⇔≡Ra- 226≤

Th- 230─2 ╩ ⇔⁸ ⌐⅔™≡│⁸Ra- 226(3n,2ɗ)⁸Th- 230(3n,ɖ2ɗ)─ Ɽ

☻⅜ ≢№╢↓≤╩ ╠⅛⌐⇔√⁹ 

ᵒ ╛ ─  

╛ ☻Ɑ◒♩ꜟ─ ™⌐╟╢Ac- 225 ╩ ™⁸ ─ ™Ac- 225

╩ ⌐ ∆╢√╘─ ╛ ─ ╩ ∫√⁹ ≤⇔≡⁸

Ⱨfi♩♇◕כ♃ ─ ⁸ Ⱨfi 8 ⌐╟╢ ─ ╩ ⇔√

⁸Ac- ⌐fiכ▼♅ 225 ∆╢ ─ n,ɘ ─ ⁸ ┘ ─

⌐╟╡⁸Ac- 225 ⅜ ↕╣╢↓≤╩ ⇔√⁹ 

ᵓ ה ┼─  

2 ⁸ 3 ≢ √ ╩ ⌐⁸ 4 │⁸ ╙⇔ↄ│ ♇◕כ♃─

♩ ─ ┼─ ╩♩♇◕כ♃⁸ ⇔√ ─

♩♇◕כ♃⁸ Ra- 226⁸Th- 230⁸Th- 232 ─ ⌐ ℮ ╛ ╩ ⇔

♩♇◕כ♃√ ⁸ ╛ (♪♇ⱪꜝכ ⁸Ⱳ▬♪ )─ ╩ ∆╢

↓≤⌐╟╡⁸ ╛ ─ ⅛╠ PWR⌐⅔↑╢ Ac- 225 ─ ╩

⇔√⁹ 

 

(3)  ₈ ₉ ≢─Mo- 99  

ᵑ ⌂ ─ ⁸ JAEA  

1  

≢ ⌂⁸ ╩ ∆╢ ╩ ⇔√⁹

╩ ∆╢ ─ ╩ ⇔⁸ ─ ╩ ⇔⁸↓─

⌐ ≠⅝⁸ ─⸗fi♥◌ꜟ꜡ ─ ⱨ□▬ꜟ╩ ⇔⁸

╩ ⇔√⁹╕√⁸ ⁸ ─

─√╘⁸ ╩ ⇔⁸ ⌂ ⅜ ⌂ ╩ ⇔√⁹  

╩ ↑≡⁸ ╩ ⇔√⁹ ↕╣√

╩ ™≡ 2 ⇔√ ⁸ ה ≢Ɽꜝ

ⱷכ◘♃כⱬ▬╩⇔⁸ ╙ ⌂ ╩ ⇔√⁹  

3 ╕≢─ ╩ ╕ⅎ⁸₈ ₉ ⌐⅔↑╢Mo- 99─ ─ ─

┘∕─ ⅛↕╩ ⇔√⁹ ─ ⅛↕ ꜡ꜟ◌♥fi⸗ꜟ♃כ♩─╘√─ ⌐

≠ↄ ╩♪כ◖ ⇔⁸ ─ ┘∕─ ⅛↕╩ ⇔√⁹ 

2  

2 ⌐ ╩ ™⁸ 3 │ 2 ⌐ ⇔√ ⌐⅔™≡⁸



 

xi  

 

─ ⁸ ─ ╩ ⇔√⁹╕√⁸ ╩ ↑≡⁸

╩ ⇔√⁹ ≤⇔≡⁸Be⁸Al ┘ Graphite ≢⁸Mo- 99─

─ ╩ ∫√ ⁸Be Graphite Al ─ ≢ ™↓≤⅜ ≥♩♇◕כ♃⁸√╕⁹√∫⅛

↕∑╢ YD2 ─ │ ↕ↄ⁸ ⌐ ≢⌂™↓≤⅜ ⅛∫√⁹ 

ᵒ ─ JAEA  

1  

  2 │ ─ ╩ ⇔√⁹ 3 ⌐│ 7Ⱨfi ≤

⁸ ⌐ √ ⁸1 Ⱨfi Sb- Be ─

╩ ⇔⁸ ─ ⌐ ╦∑≡ ─ ╩ ∆╢↓≤⌐╟╡⁸

≤∆╢ ╩ ∆╢↓≤⅜≢⅝╢↓≤╩ ⇔√⁹╕√⁸ ─ ⌐≈™≡│⁸

₈ ₉─ ⌐⅔™≡│ⱬꜞꜞ►ⱶ Be ≤ ☺ꜟ◖♬►ⱶ ZrH1.65 ⅜

⁸∕─ Graphite⁸Al⁸YD2╩ ⇔√⅜⁸Be⅜ ≢№╢≤ ↑≡™╢⁹

⌐ ∆╢Mo- 98(n,ɘ) │ ⌐ ─ ≢ 60 80 %≢ ╩ ≈ ≢№∫√⁹↓╣╩

╕ⅎ⁸Be─ ⁸▪fi♅⸗fiכⱬꜞꜞ►ⱶ ─ɘ ≢№╢▪fi♅⸗fi╩ ⇔

√ ╩ ↑ ╣╢ ↑ ≤⇔≡ ─ ⅝ Be─ ⅜№╢↓≤⅛╠⁸

─ ╩ ≤⇔≡⁸ ╩ ♫♩ꜞ►ⱶ ─ ∆⌂╦∟⁸

─ ≢ ∆╢↓≤≤⇔≡ ╩ ⇔√⁹ 

2  

a) ◐ꜗⱪ☿ꜟ  

 ◐ꜗⱪ☿ꜟ─ ╩ ⇔√⁹ ∆╢ Mo- 99 │ ⅜ 2.6 ≤ ™√╘⁸

⁸◐ꜗⱪ☿ꜟ╩ ⌐ ╡ ⇔≡ MoO3─ ╩ ℮ ⅜№╢⁹↓─√╘⁸

◐ꜗⱪ☿ꜟ─ ╩ ⇔√⁹ 

b)  

♩♇◕כ♃ ─Ⱨfi♩♇◕כ♃┘ ╩ ♇◕כ♃⁹√⇔

♩ ♃▬ⱪ│₈C ₉⁸ Ⱨfi│  8.5 mm⁸

╖  0.5 mm ─ Ⱨfi⌐ ⇔√⁹  

ᵓ ─  

1 ה⇔ ─  

PIE ⌐⅔↑╢☿ꜟ ≢─ ─╠⅛☻◒♇ⱩⱲכ꜡◓⁸ ⇔─ ╩

⇔√⁹ ╩ ∆╢╕≢─ ⌐№√∫≡│⁸☿ꜟ ─ ⌐ ─

⅛╠ 5 ╩ ∆╢ ╖≢№∫√⅜⁸☿ꜟ ≢─ ╩ ⇔⁸1 ⌐

≢⅝╢ ╖╩ √⁹╕√⁸ ╡ ⇔√◐ꜗⱪ☿ꜟ╩◓꜡כⱩⱲ♇◒☻┼ ∆╢

╙ ─ ╩ ☻◒♇ⱩⱲכ꜡◓⁹╢™≡⇔ ╩ ↄ ⌐≈™

≡│ ─ │⌂⅛∫√⁹ 

ה⇔  ─ ≤⇔≡⁸ ꜞ◓─ ╩ ╕ⅎ⁸ ─ ┘◐

ꜗⱪ☿ꜟ─ ╩ ∫√⁹ ꜞ◓─ ≤⇔≡│⁸◖fiⱤכ♩ⱷfi♩╩ ≢⅝╢

◦ꜗ♩ꜟ ꜞ◓≤ ┌╣╢Ɫfi♪ꜞ◓Ⱬ♇♪⌂≥╩ ≢│⌂ↄⱠ☺ ⌐⇔√ ╩

⇔⁸ ─ ≤ ⁸⌡∂ ⌐ ⇔≡♩ꜟ◒ ≤ ╩∆╢↓≤≢⁸☿ꜟ

≢ ─Ⱨfi♩♇◕כ♃≢ ⌐Ⱨfi♩♇◕כ♃⁸⇔ ↕╣╢ Mo ◐ꜗⱪ☿ꜟ╩



 

xii  

 

⌐≢⅝╢↓≤╩ ⇔√⁹ 

 ◐ꜗⱪ☿ꜟ─ ╡ ™ ☻◒♇ⱩⱲכ꜡◓╩ GB ≢ ∆╢↓≤≤⇔⁸◐ꜗⱪ

☿ꜟ─ ⁸Ɽ▬ⱪ◌♇♃כ ─ ─◖fi♃Ⱶ╩ ⅎ√ ≢ ∆╢↓

≤≢ ⅛≈◖fi♃ⱵⱠכ◦ꜛfi╩ ∆╢↓≤≢⁸ ┼ ⌐ ™ ∑╢↓

≤╩ ⇔√⁹ ◐ꜗⱪ☿ꜟ GB⁸ GB⁸ ה ™ ⇔ GB╩ ∆

╢↓≤≢⁸ ⌂ ™ ⇔⅜≢⅝╢↓≤╩ ⇔√⁹ 

2  

─√╘─◖fiⱤכ♩ⱷfi♩╛◐ꜗⱪ☿ꜟ⌐≈™≡ ⇔⁸ ⌐

╛ ─ ╩ ─ ⁸ ─ ⅜ ≢№╢↓≤⅜ ⅛∫√⁹  

3 GB  

─☻◒♇ⱩⱲכ꜡◓ ╩ ⇔√⁹  

4  

♪ꜟכ◖ ─ ≤⇔≡ ⌂ ─ ╩ ≈⌐☻◒♇ⱩⱲכ꜡◓⁹√∫

™≡│⁸  2 ─ ╩╙≤⌐ ─ ─ ╩ ™⁸ ⌂ ⁸

⌐≈™≡ ╩ ∫√⁹  

ᵔ₈ ₉≢─ JAEA  

╩ ⇔√⁹₈ ₉ ─ ⌐ ↑√ ⁸ ╩

⇔⁸ ╩ ⇔√⁹ 

 

(4) ₈ ₉ ≢─Ac- 225  

ᵑ Ac- 225 ─  

( ⁸ )≤ (Ac- 225 )≢ ╡ ™ ╩ ה ⇔√⁹  

Ac- 225─ ⌐⅔™≡ ↕╣╢ ⌐≈™≡⁸ ┼─ ╩

≤⇔√ ╩ ™⁸ ─ ™ ╩ ╠⅛⌐⇔√⁹  

3 ╕≢─ ╩ ╕ⅎ Ac- 225─ ─ ╩ ∫√⁹ ≢ ↕

╣√Ac- 225─ ה ─ ╩ ╢√╘⌐│⁸ ≤⇔≡─Ac- 225╩ ∆╢

⅜DMF ⌐⅔↑╢ ╩ ℮↓≤⅜ ≢№╢≤ ⅎ╠╣√⁹ 

ᵒAc- 225 NucMed  

─ ⌐ ╦∑⁸Ac- 225─ ─ ≤ ╩ ⇔√⁹

≤⇔≡─Ac- 225╩ ⌂ ⌂ↄ ⌐ ≢⅝╢≤™℮ ⌐⅔™≡⁸ ⅜╪─

╩ ≈Ac- 225 ─ ─Ⱨכ◒ │⁸ ⌂ↄ≤╙100 ≤⌂╢╙─

≤ ↕╣√⁹╕√⁸ ⌐≈™≡│∕─ ⁸ ⅜╪⌐≈™≡│↓─4

─ ≤⌂╢ ⅜№╢⁹⌂⅔⁸ ─ │ ─10 ╩ ╗

↓≤⅜≢⅝╢⁹ 

ᵓ ⌂ ─ JAEA  

1)  

Ra- 226 ⁸Th- 230 Th- 229/Ac- 225☺▼Ⱡ꜠כ♃ ╩  

∆╢─⌐ ⇔√ ╩ ⇔⁸ ─ ╩ ⇔√⁹ 

↕╣√ ╩ ™≡ 2 ⇔√ ≤ ⌐



 

xiii  

 

Ɽꜝⱷכ◘♃כⱬ▬╩⇔⁸ ╙ ⌂ ╩ ⇔√⁹ 3 ╕≢─

┘ᵒ─ ╩ ╕ⅎ⁸₈ ₉ ⌐⅔↑╢Ac- 225─ ─ ─

┘∕─ ⅛↕╩ ⇔√⁹ ─ ⅛↕ ꜡ꜟ◌♥fi⸗ꜟ♃כ♩─╘√─ ⌐

≠ↄ ╩♪כ◖ ⇔⁸₈ ₉⌐⅔↑╢Ac- 225 ─ ╩ ™⁸ ⅛↕╩ ⇔

≡╙ ╩ ╕ⅎ√ ☼כ♬ ה ╩ ≢⅝╢ ⇔╩

√⁹   

2  

1)─ ⌐ ≠⅝⁸ ─⸗fi♥◌ꜟ꜡ ─ ⱨ□▬ꜟ╩

⇔⁸ ╩ ⇔√⁹ ≢─Ac- 225 ⌐ ⇔√ ╩ ∆╢√╘

─ ⁸ ─♃כ♦ ╩ ∫√⁹ 2 ⌐ ⇔√ ⌐⅔™≡⁸

Ra- 226 ⁸Th- 230 Th- 229/Ac- 225☺▼Ⱡ꜠כ♃

╩ ∆╢─⌐ ⇔√ ─ ╩ ⇔√⁹ ≤

⇔≡⁸Be⁸Al ┘Graphite≢⁸Ac- 225─ ≢№╢Th- 229─ ─ ╩

∫√ ⁸Be Graphite Al─ ≢ ↄ⁸╕√♃כ◕♇♩≤ ↕∑╢YD2

─ ⌐ ™⁸ ─ ⅜ ╠╣⁸Ac- 225 ⌐│ ─ ⅜

≢№╢↓≤⅜ ⅛∫√⁹  

ᵔ ╖Ra- 226⅛╠─Ac ⁸Ra- 226 JAEA  

1 Ac  

Ra- 226⅛╠─Ac ⱪ꜡☿☻ ─√╘⁸Ra ┘Ac─ ─ ╩

⇔√⁹↓╣╕≢⌐ ⌐ ↕╣√ ⁸ ─ ╩ ⇔√⁹ JAE

A⌐ ⇔≡™╢Ra- 226 ╩ ∆╢√╘⌐ ⌂Ra ה ─ ╩ ℮

≤≤╙⌐⁸ ⌂ ╩ ⇔√⁹  

Ac≤Ra─ ⌂ ה ─ ≤⇔≡⁸ ╩ ™≡ ╩

⇔⁸Ac─ ≤Ra ╩ ∆╢ⱪ꜡☿☻─ ╩ ∫√⁹  

Ac⁸Ra─ ⁸ ⌐╟╡Ra♃כ◕♇♩ ⌐ ⅜ ↕╣╢ ⌐≈™≡⁸

╩ ™≡DGA꜠ ☺fi┼─ ה ╩ ═√⁹Ac─ ≤⇔≡ ™√La

─ ⅛╠⁸DGA꜠ ☺fi◌ꜝⱶ│Ac─ ⌐ ≢№╡⁸Ac ⱪ꜡☿☻⌐

≢№╢↓≤⅜ כ◘כ꜠♩⁹√∫⅛ ─Ac- 225╩ ™√ⱱ♇♩ ╩ ⇔⁸

DGA꜠ ☺fi◌ꜝⱶ─Ac ⱪ꜡☿☻┼─ ╩ ⇔√⁹ 

2 Ra- 226  

Ra- 226─ ─√╘─ ╩ ∆╢ ♪ꜟכ◖╢╟⌐ ╩ ℮≤≤╙⌐⁸

Ac/Ra ╩ כ◘כ꜠♩─╘√╢∆ ─ⱱ♇♩ ╩ ∫√⁹ ⱪ

꜡☿☻─ ⌂ ╩ ⇔⁸ ⌐╟╢ ה ╩ ⇔√⁹Ac⁸Ra─ ⁸

⌐╟╡Ra♃כ◕♇♩ ⌐ ⅜ ↕╣╢ ⌐≈™≡ ╩ ™≡Ln꜠ ☺fi┼─

ה ╩ ═⁸Ln꜠ ☺fi⅜Ra─ ⱪ꜡☿☻⌐ ≢№╢↓≤⅜ ⅛∫√⁹

כ◘כ꜠♩ ─ⱱ♇♩ ⌐╟╡⁸Ac≤Ra─ ╩ ⇔√⁹ 

ᵕ₈ ₉≢─ JAEA  

⁸ ─√╘─ ⁸ ╩ ⇔√⁹╕√⁸

─ ⌐ ⌂ ╩ ╠⅛⌐⇔√⁹ 3 ╕≢─ ╩ ╕ⅎ ⌐



 

xiv  

 

╢ ╩ ⇔√⁹ ─ ⌐ ⌂RI ╩ ⇔⁸₈ ₉

─ ⌐ ↑√ ⁸ ╩ ⇔⁸ ╩ ⇔√⁹ 

 

(5) ≢ ↕╣╢ RI─ ≤ ⌐≈™≡─  

ᵑ Ac- 225─ ה ⌐ ╢ ─  

1 ─ ┘ ─ ™ 

≢Ac- 225 ╩ ℮ ⌐ ≤⇔≡ ∆╢Ac- 227 ─  ─

™⌐≈™≡⁸ ⁸ ≤ ⇔⁸ ⌂ ⌐≈™≡ ⇔√⁹ 

2 ─ ™ ┘ ⌐ ∆╢ ─  

≢─ ╩ ⌐⁸Ac- 225╩ ™√ ─ ─ ™⌐≈™≡

⇔⁸ ╩ ⇔√⁹ 

3 ⌐ ╢ ─  

─ ≤⇔≡⁸ ─ ⌐ ⇔≡─◒ꜞ▪ꜝfi☻╛ ⌂ ⌐≈

™≡ ⇔√⁹ 

3 ─ ╩ ╕ⅎ⁸ ⁸ ≤ ⇔⁸ ─ ⌂

⌐≈™≡ ⇔√⁹ │⁸ │ ⌐ a) ⌐ ≢⅝╢ ─ ⅜№

╢╙─⁸b)₈►ꜝfiה♩ꜞ►ⱶהⱪꜟ♩♬►ⱶ ┘∕╣╠─ ₉╩ ╕⌂™ ⌐ ╡⁸

RI ⌐ ≠ↄ ─ ⅜ ╘╠╣╢≤─ ⅜ ╠╣√⁹ 

ᵒMo- 99 ┘Tc- 99m─ ─ ≤─  

98Mo(n,ɘ) 99Mo⌐╟∫≡ ↕╣╢Mo- 99⌐⅔™≡ ↕╣╢ ⌐≈™≡⁸

⌐⅔™≡ ↕╣╢╙─≤─ ╩ ∆╢↓≤⌐╟╡⁸ⱥ♩⌐ ™╢ ─

⌐≈™≡ ⇔√⁹ 

 

(6)  

─ ≢ ⌐⅔↑╢ ╩ ⌐⇔≡ ╩ ╘╢≤≤╙⌐⁸

╛ ⅛╠ ↄ ╩ ⅝⌂⅜╠ ╩ ╘√⁹ 

ⱪ꜡☺▼◒♩─ ⌂ ╩ ∆╢√╘⌐ ≤ ⌐Web ╩ ⇔⁸

─ ≤ ─ ╩ ∫√⁹╕√2 ─ ה ◦fiⱳ☺►ⱶ

┘ ◦☻♥ⱶ ╩ ∆╢≤≤╙⌐⁸↓╣╕≢─ ╩

₈2022 ─ ₉ ┘₈2022 ─ ☼כꜞ◦≢₉ ⇔√⁹  

╕√ ◄Ⱡꜟ◑כ꜠ⱦꜙכ 4 10 ⌐ ₈ ─ ⁸

ꜞ☻◒─ ╩ ⇔≡ ⅛╠─ ╩ ╢₉≤™℮♃▬♩

ꜟ≢ ╩ ⁸↕╠⌐⁸ 5 2 ⌐ ▪ⱨꜞ◌≢ ↕╣√TAT( Targeted 

Alpha Therapy )12th ◦fiⱳ☺►ⱶ≢ⱳ☻♃כ ⇔⁸ ╩ ⌐

╘≡™╢↓≤╩ ⁸ ─ ₁⌂ ─ ₁⌐╙ ↄ ∆↓≤⅜≢⅝√⁹  

 

7 ─ ⁸  

3 ─ ╩ ≡⁸1 ─PWR╙⇔ↄ│ ₈ ₉╩ ™⁸ ─  

Mo/Tc╩ ─ ( 1000Ci/ )─ ∆╢↓≤⁸∕⇔≡ɖ 



 

xv 

 

↑Ac- 225╩ ( 2Ci/ )─ ∆╢↓≤⌐≈™≡

⇔╩ √⁹ │ ⅝⌂ ╩ ⅎ≡⅔╡⁸∆←╣√ ╩

∆╢√╘⁸ ╩ ⌂℮↓≤ ↄ⁸◄Ⱡꜟ◑כ ─ ╠ RI╩ ≢⅝

╢ⱳ♥fi◦ꜗꜟ⅜№╢⁹  

Mo/Tc ⌐ ⇔√ ╩ ♩♇◕כ♃√™ ⇔ ╣ │⁸Mo/Tc ─

RI ⌐╙ ≢№╡⁸ ⌂ RI ┼─ ⅜ ↕╣╢⁹Ac- 225─ │

⅝ↄ ∆╢↓≤⅜ ⅎ╠╣╢⅜⁸ ≤⌂╢ Ra- 226 │ ≢№╢√╘⁸ ⌂

⌐ ∆╢⌐│⁸Ra─ ╛ ─ ⅜ ≤⌂╢⁹ ≢│ ≤⇔≡

Th- 230╩ ⇔√⅜⁸↓╣⌐│ ─ Th- 232⅜ ℮√╘⁸∕─╕╕ ∆╢≤ ≢№

╢ U- 233⅜ ↕╣ ─ ≤⌂╢⁹↓╣╩ ∆╢⌐│ Th- 230─ ⅜

≢№╡⁸ √⌂ ≤⌂╢⁹ 

↓─╟℮⌐ ≢ RI ╩ ℮√╘⌐│⁸ ⅜ ╘╢ ╩ ⇔⌂™↓≤

╩ ⇔√ ≢RI ≤⇔≡─ ╩ ↑╢↓≤⁸RI ⌐≈™≡╙ ─ ┌ↄꜞ☻

◒─ ⌂≥⁸ ╩ ™╢ ⌐ √∆═⅝ ⅜ ⌐≡ √⌐ ╘╠╣

╢╙─≤ ⅎ╠╣╢⁹ 

 



 

1- 1 

 

│∂╘⌐ 

⅜ ≢ ↕╣≡™╢ RI│╒╓ ╩ ⌐ ⇔≡™╢⁹∕─√╘⁸

╛ ─♩ꜝⱩꜟ⁸ ⁸ ⁸Ɽfi♦Ⱶ♇◒ ⌐╟╡⁸RI─

╛ ∆╢ ה ⌐ ╩⅝√∆↓≤⅜№╡⁸ RI☿◐ꜙꜞ♥▫כ (

ה )─ ⅜ ╕╣≡™╢⁹╕√ √⌂ ─ ≤⇔≡ ↕╣

≡™╢₈ɖ ₉ ↑ ɖ ╙☼כ♬─┼ ⌐ ╕∫≡™╢⁹  

≢│⁸ ─ ╛ ╩ ℮ ⁸ ╩

∆╢ ⁸PWR ה ╩ ℮ⱷכ◌ ┘ ≢ ─№

╢ ─ ⅜ ⇔⁸ ≢ ⌐ ↕╣≡™╢ ╛ ⌐│

PWR ┘ ╩ ™≡⁸ ─RI≤⇔≡ ╙ ─ ™Mo/Tc≤ɖ

↑ ɖ ≤⇔≡ ∕─ ⅜ ↕╣≡™╢Ac- 225─2 ─

≤ ╩ ℮ ─ ⌐╟╡ ה ─ ⌐ ╢

╩ ℮⁹ ⌐│⁸ ≥♩♇◕כ♃ ─ ⁸ ⅛╠─RI

⁸ ⌂≥─ ⌐╟╡⁸ ─ ⌐ ∆╢ ╩ ℮

≤≤╙⌐ ╩ ╪∞ ─ ≤⇔≡─RI ≤™℮▬ⱡⱬכ◦ꜛfi≤

⌐ ∆╢ ─ ╩ ∆⁹  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

2.1 - 1 

2    

2.1  

─ ╩ ∂√ ┘ 4 ─ ╩ 2.1- 1 ┘

2.1- 2⌐ ∆⁹ 

 

2.1- 1 ╩ ∂√ 1/3  

 

  

⁷⁷

(1)Mo-99 ⱪ꜡☿☻─ (PWR)
┼─
NucMed⁸JAEA⁸MHI
⁷ᵑ Mo-99 ─
⁷ NucMed

⁷ᵒPWR Mo ─♩♇◕כ♃
 1)PWR ⁸ ┘ (MHI)
⁷a)

⁷b)

⁷c)

 2) (JAEA)
⁷a)

 

⁷ᵓMo-99 ⱪ꜡☿☻─
 1) (MHI)

 2) ⌐ ≠ↄ (JAEA)

 3) ─ (MHI)

 4) ─ (JAEA)

⁷ᵔMo-98 ⱪ꜡☿☻─
 1) (MHI)

 2) Mo ⅛╠─M-98 (JAEA)

 3) ─ (JAEA)

 4)◖☻♩ (JAEA)

⁷ᵕ ─ⱶכ◐☻
⁷ MHI

(2) ≢─Ac-225
ᵑ♃כ◕♇♩ ≤ Ɽ☻─

ᵒ ╛ ─

ᵓ ה ┼─

♩♇◕כ♃ ≤
Ɽ☻─

╛ ─

ה ┼─

,
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2.1- 1 ╩ ∂√ 2/3  

 

 

 

 

⁷⁷

(3) ₈ ₉ ≢─Mo-99
Joyo⁸FMF

ᵑ ⌂ ─ ⁸
JAEA Joyo
 1)
 

 2)

ᵒ ─ JAEA
Joyo
 1)

 2)
⁷a)◐ꜗⱪ☿ꜟ

⁷b)

ᵓ ─
JAEA Joyo⁸FMF

 1) ה⇔ ─

 2)

 3) GB

 4)

ᵔ ₈ ₉≢─
JAEA Joyo

(4) ₈ ₉ ≢─Ac-225
Joyo⁸ ⁸ ⁸

NucMed
ᵑ Ac-225 ─
⁷

ᵒAc-225
⁷ NucMed)

ᵓ ⌂ ─ ⁸
JAEA Joyo
 1)

 2)

ᵔ ╖Ra-226⅛╠─Ac ⁸
Ra-226 JAEA
 1)Ac

 2)Ra-226

ᵕ₈ ₉≢─
JAEA Joyo

◐ꜗⱪ☿ꜟ ◐ꜗⱪ☿ꜟ

ה

☻◒♇ⱩⱲכ꜡◓

הה
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⁷⁷

(5) ≢ ↕╣╢ RI─
≤ ⌐≈™≡─ ( )
ᵑAc-225─ ה ⌐ ╢
⁷⁷ ─
⁷⁷1)⁷ ─
⁷⁷⁷ ┘ ─
⁷⁷⁷ ™
⁷⁷2)⁷ ─
⁷⁷⁷™ ┘ ⌐ ∆╢
⁷⁷⁷─
⁷⁷3)⁷ ⌐ ╢ ─
⁷⁷⁷

ᵒMo-99 ┘Tc-99m─ ─
⁷⁷ ≤─
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2.1- 2 4  

 

(1) Mo-99 ⱪ꜡☿☻─ (PWR)┼─

ᵑ Mo-99 ⱪ꜡☿☻─
⁸

⁷1 ( )

2 ─ (
)

  3 ─  (
)

ᵒ Mo-98 ⱪ꜡☿☻─
 ⁸

  1 ( )

  2 ◖☻♩ ( )

ᵓ  ─ⱶכ◐☻

(2) ≢─Ac-225

ᵑ ה ┼─

(3)
₈ ₉ ≢─Mo-99

ᵑ  ⌂ ─

ᵒ  ─

ᵓ ₈ ₉≢─

(4) ₈ ₉ ≢─Ac-225

ᵑ Ac-225 ─

ᵒAc-225
NucMed

ᵓ ⌂ ─

ᵔ ╖Ra-226⅛╠─Ac ⁸Ra-226

ᵕ₈ ₉≢─

(5) ≢ ↕╣╢ RI─ ≤
⌐≈™≡─

ᵑAc-225─ ה ⌐ ╢ ─

⁷1 ⌐ ╢ ─

(6)

⁷ ₈ ─ ▬fiⱨꜝ╩ ⇔√ RI─ ⌐ ↑√ ₉⁷

⁷⁷
10 11 12
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2.2  4 ─ ─ ┘ ─  

(1)Mo- 99 ⱪ꜡☿☻─ (PWR)┼─  

ᵑMo- 99 ⱪ꜡☿☻─  

1 ( MHI)  

2 ─ ( MHI)  

PWR≢ ⇔√MoO3 ╩ ⇔⁸ ⱷכ◌⌐ ∆╢√╘─ⱪ꜡☿☻─ ⌐

≈™≡⁸ 3 ╕≢─ ╩ ╕ⅎ⁸ ⱪ꜡☿☻ ─ ╩ ∆╢⁹

╕√⁸ 3 ─ ╩ ╕ⅎ ╩ ℮⁹ 

3 ─ ( JAEA)  

─ MoO3Ɑ꜠♇♩┼─ ─ ─√╘⁸HIP ≢ ⇔√MoO3

─ ╩ ∆╢⁹╕√⁸↓╣╕≢─ ╩ ╕ⅎ⁸ ⱷכ◌⌐

∆╢√╘─Mo ─ ╩╕≤╘╢⁹ 

 

ᵒMo- 98 ⱪ꜡☿☻─  

 1 ( MHI)  

ⱷכ◌⅛╠ ↕╣╢ Mo ⅛╠⁸ ⌐♩♇◕כ♃ ∆╢MoO3

≤⇔≡ ∆╢ⱪ꜡☿☻─ ⌐ ↑⁸ ⱪ꜡☿☻ ─ ╩ ℮⁹ 

 2 ◖☻♩ ( JAEA)  

 ⱷכ◌⅛╠ ↕╣╢ Mo ╩ ⇔⁸ ⌐♩♇◕כ♃ ∆╢ 

MoO3 ≤⇔≡ ∆╢ⱪ꜡☿☻─ ⅛╠⁸ ⱪ꜡☿☻─◖☻♩ ╩ ™⁸

─MoO3╩ ⇔√ ≤─ ╩ ™⁸∕─ ─ ╩ ℮⁹ 

 

ᵓ ─ⱶכ◐☻  ( MHI)  

3 ╕≢─ ╩ ⌐⁸PWR╩ ™√ Mo- 99 ─ ─ⱶכ◐☻

╩ ™⁸RI ⌐⅛⅛╦╢ ─ ╩╕≤╘∕─ ⇔╩ ∆╢⁹ 

 

(2) ≢─Ac- 225  

ᵑ ה ┼─  

┼─ ╩ ≤ ─ ⅛╠ ⇔⁸ ⌐╟╢

Ac- 225 ─ ╩ ∆╢⁹ 

 

(3) ₈ ₉ ≢─Mo- 99 JAEA  

ᵑ ⌂ ─  

1)  

 3 ╕≢─ ╩ ╕ⅎ⁸₈ ₉ ⌐⅔↑╢Mo- 99─ ─  

─ ┘∕─ ⅛↕╩ ∆╢⁹ 

 

ᵒ ─  

 1 ה⇔ ─  
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ꜞ◓─ ╩ ╕ⅎ⁸ ─ ┘◐ꜗⱪ☿ꜟ─ ╩ ℮⁹ 

 

ᵓ₈ ₉≢─  

    ╩ ∆╢⁹ 

 

(4) ₈ ₉ ≢─Ac- 225  

ᵑ Ac- 225 ─  

 3 ╕≢─ ╩ ╕ⅎ Ac- 225─ ─ ╩ ℮⁹ 

 

ᵒAc- 225 NucMed  

 ─ ⌐ ╦∑⁸Ac- 225─ ─ ≤ ╩ ∆╢⁹ 

 

ᵓ ⌂ ─ JAEA  

1  

3 ╕≢─ ┘ᵒ─ ╩ ╕ⅎ⁸₈ ₉ ⌐⅔↑╢

Ac- 225─ ─ ─ ┘∕─ ⅛↕╩ ∆╢⁹ 

 

ᵔ ╖ Ra- 226⅛╠─ Ac ⁸Ra- 226 JAEA  

1 Ac  

 2 Ra- 226  

Ra- 226─ ─√╘─ ╩ ∆╢ ♪ꜟכ◖╢╟⌐ ╩ ℮

≤≤╙⌐⁸Ac/Ra ╩ כ◘כ꜠♩─╘√╢∆ ─ⱱ♇♩

╩ ℮⁹ ⱪ꜡☿☻─ ⌂ ╩ ⇔⁸ ⌐╟╢ ה ╩

∆╢⁹ 

 

ᵕ₈ ₉≢─ JAEA  

3 ╕≢─ ╩ ╕ⅎ ⌐ ╢ ╩ ∆╢⁹ 

 

(5) ≢ ↕╣╢ RI─ ≤ ⌐≈™≡─  

ᵑAc- 225─ ה ⌐ ╢ ─  

1 ⌐ ╢ ─  

3 ⌐⅔↑╢ ╩ ╕ⅎ⁸ ⁸ ≤ ⇔⁸

─ ⌂ ⌐≈™≡ ∆╢⁹  

 

(6)  

 ─ ≢ ⌐⅔↑╢ ╩ ⌐⇔≡ ╩ ╘╢≤≤╙⌐⁸

╛ ⅛╠ ↄ ╩ ⅝⌂⅜╠ ╩ ╘╢⁹ 
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3 ─ ┘  

 3.1 Mo- 99 ⱪ꜡☿☻─ (PWR)┼─  

3.1 .1 Mo- 99 ─ ( NucMed)ₒR2x  

 ⅜ ≢│⁸ ⁸∆⌂╦∟⅜╪─ ┘ ─ ⌐ ↄ ↕╣≡

™╢ Tc- 99m─ ≤⇔≡─ Mo- 99─∆═≡╩ ⌐ ⇔≡™╢⁹ ⌐№√╡

⅝⌂ ⅜ 2≈№╡⁸ ─ ⅛╠ ┼─ ⅜√┘√┘ ∆╢ ≤⌂∫

≡™╢⁹ 

 1≈ ⌐│⁸Mo- 99 ─ ─ ⌐ ℮ ♩ꜝⱩꜟ╛ⱷfi♥♫

fi☻ ⌐╟╡⁸√┘√┘ ⅜ ⇔≡™╢↓≤⅜ →╠╣╢⁹↓─ │

─╟℮⌐ ⇔≡™╢⅜⁸ ≢≤╡╦↑ ≢№∫√ 2009 ⅛╠ 2010 ⌐⅛↑≡

─ │ 14⅛ ⌐ ┘⁸∕─ ⁸ ≢ ⌂ ⅜ ↄ ≢⅝⌂™ ⁸

⌐ ⅝⌂ ╩╙√╠⇔√⁹ 2024 ⅛╠ 2025 ⌐⅛↑≡⁸↕╠⌂╢ ─

⅜ ↕╣≡⅔╡⁸ │ ╢↓≤⅜ ↕╣≡™╢⁹ 

 2≈ ⌐│⁸Mo- 99 ─ ╛ ⅜ ┼─ ─ ⌐⅔↑╢♩ꜝⱩꜟ⅜ →╠╣

╢⁹ ⅎ┌⁸2010 4 ⁸▪▬☻ꜝfi♪─ ⌐╟╡ ⅛╠─ ⅜ ⇔⁸

⅜ ⅎ⌂™ ≤⌂∫√⁹╕√ 2020 ⌐⅔™≡╙⁸COVID- 19─ ⌐╟╡⁸

⅛╠─ ⅜ ⇔⌐ↄ™ ⌐№∫√⁹ 

 ≤⇔≡─ Mo- 99─ ≢─ ─ 15 %⅜ ⌐ ⅜ ≢ ↕╣≡⅔

╡⁸ ⅎ≡ ⌐╦√∫≡ ─ ⅜↕╒≥ ╕╣⌂™ ─ ≢⁸ ≤╙

⌐ ⌂ ╩ ⇔≡™ↄ√╘⌐╙⁸Mo- 99─ ╩ ⌐ ⇔⁸╕√∕

─ ≤⇔≡ ╩ ∆╢↓≤≢⁸ ≢─ ╩ ↕∑╢↓≤⅜ ≤⌂

∫≡™╢⁹ 

 Tc- 99m ─ ≤⇔≡─ ⅜ ┼─ Mo- 99─ ⁸ ┘ ⌐ ∆╢

⌂ │⌂™⁹ │⁸ 40,000 6- days Ci Mo- 99─ ─ ≤⇔≡ ™╠╣

╢ 6 ─ ≢№╢≤↕╣≡⅔╡⁸ ⌐│ 2 ─ ≢

↕╣≡™╢⁹1 Ci №√╡ 650 ♪ꜟ─ ╩ ∆╢≤⁸ 30 ─ ⅜

╦╣≡™╢↓≤≤⌂╢⁹↓─ │⁸ ─ ╩ ╘√ Mo- 99─

◖☻♩─ⱨꜟꜞ◌Ᵽꜞכ⌐│ ↄ ┌⌂™≤ ⅎ╠╣≡⅔╡⁸Mo- 99─ ╩ ⅎ╢℮

ⅎ≢ ≤⌂╡℮╢⁹ 

 ≢ ↕╣√ Mo- 99│⁸ ─ ≢─ ⅝ ⅜☻כ◔╢™≡∫⌂≥⇔ ™

╙─≤ ⅎ╠╣╢↓≤⅛╠⁸↓─╒⅛⌐ ─ ⅜⅛⅛╢↓≤⅜ ↕

╣╢⁹ ─ ─ ╩ ╕ⅎ⁸ │ ⌐⁸╕√ ≤ │

⌐№╢╟℮∞⁹⌂⅔⁸ ≤⇔≡─ ♥◒Ⱡ♅►ⱶ ♫♩ꜞ►ⱶ─ │⁸

⌐╟╡ 1 MBq№√╡ 26.6 ⅛╠ 28.9 ─ 1 Ci №√╡ 100 ⌐ ↕╣≡

™╢⁹ 

 ≢ ↕╣√ Mo- 99─ ╩ ≢ ↕╣√ Mo- 99⌐ ╡ ⅎ

≡ ≤∆╢ ⁸ ⌐⅔™≡ ─ ⌐⅛⅛╢ ─ ⅝⅜

≤⌂╢╒⅛⁸ ⅜ ⌐ ™ Mo- 99⌐ ∂√ ꜝ▬fi─ ─ ╩
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∆╢↓≤≤⌂╢↓≤⅜ ⅎ╠╣╢⁹↓╣╠╩ ╕ⅎ≡╙⌂⅔⁸ Mo- 99≤ ⅜

№╢ ≢ ≢№╢⅛≥℮⅛⁸╕√ Mo- 99≤ ⌐ ⌐ ≢№╢

⅛≥℮⅛≤™℮ ⅜⁸ ≤⇔≡│ ⌂ ≤⌂╤℮⁹ 

 2010 ⁸ ⅜ ≤⌂∫≡ Mo- 99─ ─ ╡ ⅜ ↕╣⁸∕─ ≢ ⅜

⌐⅔™≡ ≤↕╣╢Mo- 99─ ⌂ↄ≤╙ ╩ ∆╢√╘─ ⅜⌂↕╣≡⅝√

≤↓╤≢№╢⅜⁸2011 ─ ─ ╙№╡⁸↓╣╕≢ ╩╖≡™⌂™⁹ 

 ↓℮⇔√ ⁸2021 11 ⌐₈ ⱪכ♩♁▬▪○☺ꜝ ה ₉⅜

─╙≤⌐ ─ⱪכ♩♁▬▪○☺ꜝ⁸╣↕ ╩ ⇔√ ⅜ ↕╣

√⁹ 2022 5 ⌐│₈ ⱪכ♩♁▬▪○☺ꜝ ה ▪◒◦ꜛfiⱪꜝfi₉

⅜≤╡╕≤╘╠╣√≤↓╤≢№╢⁹Mo- 99─ │ ⅜ ─ ─ ⌐⅛⅛╦╢

⌂ ─ 1≈≢№╡⁸ ⁸ ⁸ ─ ╩ ╦∏ ⌂ ≢

↕╣√Mo- 99⅜ ↕╣╢↓≤⌐╟╡ ⌐ ꜞ☻◒─ ⅜ ╠╣╢↓≤⅜⁸

⅛╠ ↄ ⁸ ↕╣≡™╢
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3.1.2  PWR Mo ─♩♇◕כ♃ ( MHI⁸JAEA)ₒR2- R3x  

1 PWR ⁸ ┘ MHI ₒR2- R3x  

    PWR╩ ™√ Mo- 99 ⌐ ⇔⁸PWR─ ╩ ⅛⇔⁸ ─ ™ כ♃

◕♇♩≤∆╢ ⅜№╢⁹Mo ⁸│♩♇◕כ♃ ⌐╟∫≡◦fiⱩꜟ♅ꜙכⱩ ╩

∫≡ ⌐ ↕╣⁸ ↕╣╢↓≤╩ ∆╢⁹ ⌐ ⇔√ ≤∆

═ↄ ╩ ∫√⁹ 

    ⌐ ⇔≡⁸ PWR≢─ ╩ ╕ⅎ Zr- 4≤ SUS304╩ ≤⇔⁸ ─

╩ ⇔√ ⁸ 24 ─ │ SUS304─ ⅜ ↕ↄ │╒╓

∞∫√⁹ ╛ ┼─ ─ ╙ ╘≡⁸ │SUS304

⅜ ⌐ ≤ ⅎ╠╣╢⁹ 

    ⌐ ⇔≡⁸◌ⱪ☿ꜟ Ⱪכꜙ♅≥ ─ 2 ╩ Ⱪכꜙ♅⁸⅜√⇔ │◦fiⱩꜟ♅

─┼Ⱪכꜙ ⅜ ⅝™↓≤⁸MoO3─ ⅜ ⌂ↄ⁸└™≡│ Mo- 99─

⅜ ⌂™↓≤⅛╠⁸ ≤⇔≡◌ⱪ☿ꜟ ⌐≈™≡ ╩ ∫√⁹◌ⱪ☿ꜟ─ │☻

▬ⱬꜟ ⁸○☻ⱷ☻│╘ ╖ ╩ ≤⇔√⁹◌ⱪ☿ꜟ ╩ ⌐ ⇔≡─

─ ≢│⁸ ⌐ ⅜≢⅝⁸ ╙MoO3 ≢№∫√↓≤⅛╠⁸

⌂ↄ ≢⅝╢↓≤╩ ⇔√⁹2 ─ ╩ ™√ ─ ≢│⁸ ╩

™⁸™∏╣─ ⌐⅔™≡╙ ⇔≡™╢ ♩♇◕כ♃ ─

(350 N)─ ⌐ ⅎ╢↓≤╩ ⇔√⁹10 ─ ╩ ™√ ה

─ ≢│⁸™∏╣─ ⌐⅔™≡╙ ⇔≡™╢ ♩♇◕כ♃

─ ─ ≢⁸ ה ≢№╢↓≤╩ ⇔√⁹Mo- 99

⌐ ⇔≡⁸MoO3Ɑ꜠♇♩╩ ⇔√◌ⱪ☿ꜟ╩ 56 ⇔√╙─╩ 1 ─ ♇◕כ♃

♩≤⇔⁸4 ─ ╩♩♇◕כ♃ PWR ≢ ⌐ 7 ⇔√ ─ Mo- 99

╩ ⇔√⁹ ⁸ ≢№╢ 1,000[6 - day Ci/ ]─ 5 ⌐ ∆╢ Mo- 99

╩ ≢⅝╢ ╖╩ √⁹ ⌐ ⌂ ┼™⌐ ⇔≡⁸MoO3╩ ⇔√◌ⱪ☿ꜟ╩

56 ⇔√ 1 ─ ⌐♩♇◕כ♃ ⇔≡⁸ ≢ ╠╣√ 1

⅛╠ ⇔⁸ ╩ ∆╢╕≢─ ┘ ╩ ⇔√ ╩ ⇔

√MoO3 ┘◌ⱪ☿ꜟ (SUS304)─ ╩ ™≡⁸ ┼™ ─

⅜ ╩ ∆╢ ╩ ⇔√⁹ ⁸ 24 ─◌ⱪ☿ꜟ╩

∆╢√╘─ ┼™ │ 130 mm ─ ↕⅜ ≢№╡⁸↓─ ⁸340 370 kg ─

≤⌂╢ ⅜ ╠╣√⁹ 

↓╣╠─ ⅛╠⁸ ─♩♇◕כ♃ ╩ ⇔√⁹ │ ─ⱪꜝfi♩╩

⇔√ ⁸ ⁸ ⱪ꜡☿☻ ╙ ╕ⅎ√ ⅜ ≢№╢⁹ 

↕╠⌐⁸ ⌐♩♇◕כ♃ ↕╣╢ MoO3Ɑ꜠♇♩⌐≈™≡⁸ ┘◖▪

─ 2 ─ ⌐≈™≡ ╩ ™⁸ ⅛≈ ⌐ ≢№╢◖▪ ⅝

⌐≡ ∆╢↓≤≤⇔√⁹╕√⁸ MoO3Ɑ꜠♇♩─ ─ ⌐⅔↑╢

╩ ═⁸PWR≢ ↕╣╢ ─ (400 ϴ)⌐⅔™≡│⁸╦∏⅛⌐ ⅜

(MoO2)┼≤ ∆╢╙──⁸ ┘ ┼─ │⌂™↓≤⅜ ↕╣√⁹↓─↓

≤╟╡⁸PWR≢─ ⌐⅔™≡⁸ ⌐≡ ⇔√ MoO3Ɑ꜠♇♩│ ≢№

╢↓≤⅜ ↕╣√⁹ 



  

3.1.2 - 2 

 

 

2 JAEA ₒR2- R3x  

   ─√╘─ ─ ╩ ™⁸ ╩ ∆╢≤≤╙⌐⁸ ⅝ ⅝ ∆╢

⌐ ↑√ ╩ ∫√⁹ │ / ┼─ №╢◄ⱦ♦fi☻ ╩

⌐ ─ ╩ ⇔√⁹ 

  1 ─♩♇◕כ♃ Mo  

  2 ♩♇◕כ♃ Mo─  

  3 Mo ─ ⁸pH⁸ ⌂≥  

  4 MoO3Ɑ꜠♇♩─ X ⁸SEM ⌂≥  

  5 ♩♇◕כ♃ Ⱪכꜙ♅ ⁸◌ⱪ☿ꜟ  

  6 ♩♇◕כ♃ ─ ⁸X ⁸SEM  

 

 



  

3.1.3(1) - 1 

 

3.1.3  Mo- 99 ⱪ꜡☿☻─ ( MHI⁸JAEA)  ₒR2- R4x  

ₒR2- R3x  

 ⌐≈™≡⁸↓╣╕≢─ ─ ⁸ ╩ ™√RI │⁸RI ╩ ℮↓≤

⌐╟╡ ─ ╘╢ ⅜ ⌂╦╣⌂™ ╡⁸ ↕╣⌂™≤ ⅎ╠╣╢⁹╕√⁸

≢ ⇔≡™╢PWR╩ ™√Mo- 99 │⁸ │♩♇◕כ♃ ╩ ╡

⇔√ ╟╡ ∆╢╙─≤⇔≡™╢⁹∆⌂╦∟⁸ │RI ⌐ ⇔√

≢№╢≤ ⌂∆↓≤⅜≢⅝╢√╘⁸Mo- 99 ─√╘⌐ ≤⌂╢ ─ ╩

RI ≤ ⇔⁸RI ≤⇔≡RI ─ ╘╢ ╩ ╢↓≤⅜ ≤ ⅎ╠╣╢⁹

↓╣╟╡⁸ ≢ ⁸₈RI│♩♇◕כ♃√╣↕ ₉≤⇔≡ ℮↓≤⅜≢⅝╢⁹

╟∫≡⁸RI ⅜ ─ ╩ ⇔⌂™↓≤╩ ⇔√ ≢⁸RI ≤⇔

≡─ ╩ ↑╢↓≤⌐╟╡⁸ ⌐╟╢RI │ ≤ ⅎ╠╣╢⁹╕√⁸PWR≢─

Mo- 99 ╩ ∆╢√╘⁸JMTR╩ ≤⇔⁸PWR≢─Mo ┼─ ─ ⌐≈™≡

⇔⁸ ─ ╩ ⇔√⁹ 

 

 ⱪ꜡☿☻─ ≤⇔≡⁸ Mo Mo- 98:98 wt% ╩ √⇔≥♩♇◕כ♃

Mo- 99 ⱪ꜡☿☻─ⱪ꜡☿☻ⱨ꜡כ ┘ⱴ☻Ᵽꜝfi☻ ╩ ∫√⁹  

♩♇◕כ♃⁸√╕ ─ MoO3⌐│ Mo Mo- 98 98 atom% ⅜ ↕╣╢⅜⁸⸗ꜞⱩ♦

fi─ ≤⇔≡⁸Mo- 92⁸Mo- 94⁸Mo- 95⁸Mo- 96⁸Mo- 97⁸Mo- 98⁸Mo- 100 ⅜ ╕╣

≡™╢⁹⌂⅔⁸ ⌐│ ≤⇔≡⁸Mg⁸Si⁸Cu⁸W ⅜ ╕╣≡™

╢⁹ 

↓╣╠─ ┘⁸ ⅜ ⌐╟╡ ⇔√≤⅝⌐⁸≥─╟℮⌂

⅜ ↕╣╢⅛╩ ⌐≡ ⇔√⁹ ≢♩♇◕כ♃ ↕╣√ Mo- 99─

⌐ ⇔≡⁸Mo- 99 ⱪ꜡☿☻≢─ ≢№╢ ⇔⅛╠ 2 48 ─

⅜ 1.0×10- 06╩ ⅎ╢ ⌐≈™≡⁸ ─ ╛ ╙ ⇔√⁹ 

 

↕╠⌐⁸ ≢ ↕╣√ MoO3 ┘◌ⱪ☿ꜟ( SUS304)⅜ ⌐╟╡ⱱ♇♩☿ꜟ⌐

↕╣√ ─ ™☿ꜟ─ ┼™ ╩ ∫√⁹ 

┼™ ⌐⅔™≡│⁸MoO3╩ ⇔√◌ⱪ☿ꜟ╩ 56 ⇔√ 1 ─ ♇◕כ♃

♩⌐ ⇔≡⁸ ─ 3 ⅛╠ ⇔⁸ ≢ ∆╢╕≢─

┘ ╩ ⇔√ 24 ≤ 36 ╩ ⇔√MoO3 ┘◌ⱪ☿ꜟ

(SUS304)─ ╩ ™≡⁸☿ꜟ ≢ ⌂ ꜠ⱬꜟ≤⇔≡⁸

─ ⅜ 0.01 mSv/h ╩ ∆╢ ┼™─ ╩ ⇔√⁹∕─ ⁸ 24

⌐ ≤⌂╢ ┼™ │╒╓ ≤⌂╡⁸350 mm ─ ↕≤⌂╢≤─

⅜ ╠╣√⁹ 

 

 PWR≢─ ─◌ⱪ☿ꜟ─ ─ ╩ ∫√ Mo◌ⱪ☿ꜟ─ │⁸

◌ⱪ☿ꜟ ≤◌ⱪ☿ꜟ ─ 2ꜚ♬♇♩≢ ⇔√⁹ 

│⁸ ⌐ ≤⇔≡ ↕╣≡™╢ ⌐╟╢Ɽכ♠ⱨ▫כ♄

╩ ⇔⁸ ⌐ ⌐ ↕╣√◌ⱪ☿ꜟ╩ ∆╢≤⁸ ⅝╩ ⅎ≡◌ⱪ☿



  

3.1.3(1) - 2 

 

ꜟ ┼ ∆╢ ╩ ∆╢╙─≤⇔√⁹╕√⁸ ⌐≈™≡│ ╕

≢╩ ⇔√⁹ 

 

ₒR4x  

   (1)   

╩MoO3╢⌂≥♩♇◕כ♃ ⇔√─∟⌐ ∆╢ ⌐≈™≡

╩ ⇔⁸ ≤⇔≡─ ─ ≤ ╠⇔ ∑⁸ ╩

ⅎ╢ ╩ ⇔√⁹ ⇔√ ⌐≈™≡⁸∕─ ⌐≈™≡

⇔√⁹╕√⁸ 3 ╕≢⌐ ⇔√ⱪ꜡☿☻ⱨ꜡כ─ ⇔╩

⇔√⁹  

     

        ᵑ  

MoO3 Ɑ꜠♇♩ ⌐ ╕╣╢ ─ ─√╘⁸ MoO3

Ɑ꜠♇♩─ ⌐╟╢ ─ ─ ╩ ⇔√⁹ ╩

3.1.3(1) - 1 ⌐ ∆⁹ MoO3 Ɑ꜠♇♩⌐ ╕╣╢ ─ │⁸ Mo

─ ⅛╠ ⇔⁸ ⌐⌂™ ⌐≈™≡│ ╟╡ ⇔√⁹

MoO3 Ɑ꜠♇♩⌐ ╕╣╢ ─ ╩ 3.1.3(1) - 2⌐ ∆⁹ 

⌐≈™≡│⁸ɘ ╩ ∆╢ ⁸ɘ │ɗ ╩ ∆╢ ⌐ ⇔≡⁸

MoO3 Ɑ꜠♇♩─ 48 ⇔√ ⌐⅔↑╢ Tc- 99m⌐ ∆╢

─ ─ ≤⇔≡⁸ 3.1.3(1) - 3⌐≡ ⇔√⁹ 

 

ᵒ  

Tc- 99m⌐ ∆╢ ─ 3.1. 3(1) - 4 ≤⁸ ─

─ ─ ╩ ⇔√⁹ɘ │ɗ ╩ ∆╢ ─ ⅜

╩ ⇔≡⅔╡⁸ ⅜ ™ ≤ │ ⌐ 187W 7.2×10- 5 ⁸32P 5.5×

10- 5 ⁸35S 2.4×10- 5 ⁸24Na 1.3×10- 5 ≢№∫√⁹ 

 

─ ╩ ╢√╘⌐│⁸↓╣╠─ ─ ╩ ℮ ⅜№╢⁹

⌐≡ ↕╣√ 3.1. 3(1) - 2 ⅛╠⁸ ─ MoO3 Ɑ꜠♇♩

⌐ ∆╢ ─ │ W 1.0×10- 5 ⁸P 1.8×10- 5 ⁸S 1.1×10- 4 ⁸Na

5.6×10- 5 ≢№∫√⁹ 

 

Mo- 99 ⱪ꜡☿☻⌐│▪ꜟⱵ♫◌ꜝⱶ⌐╟╢ ⅜ ╕╣╢⁹

™≢ W⁸P⁸S⁸Na ─ ─ ╩ ∆╢√╘─

╩ ⇔√⁹ 

 

⸗ꜞⱩ♦fi⅛╠─♃fi◓☻♥fi─ ≤⇔≡⁸ ⁸ ⅜ ↕╣≡

™╢⁹ ─ꜟ▪ꜞ♥ⱴ♪▬ꜝ▪פ⁸ֿ│ ( 2)⌐ ↕╣√ ≢⁸♃fi◓

☻♥fi╩ ∆╢⸗ꜞⱩ♦fi ▪fi⸗♬►ⱶ ╩ pH2.5 4.5 ⁸50 ϴ
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⌐ ⇔⁸⸗ꜞⱩ♦fi ▪fi⸗♬►ⱶ─ ╩ ⌐ ⇔ ∆╢⸗ꜞⱩ♦fi

─♃fi◓☻♥fi╩ ∆╢ ≢№╢⁹ ╩▪fi⸗♬▪≢ ⇔√─∟⁸

─ ה ╩ ╡ ∆↓≤≢↕╠⌐♃fi◓☻♥fi─ ⅜ ≤⌂╡⁸W<10 

ppm⁸Na<1 ppm≤─ ⅜ ↕╣≡™╢⁹ │▪ꜟⱵ♫◌ꜝⱶ⌐╟╢

( 3) ( 4)(5)≢⁸▪ꜟⱵ♫◌ꜝⱶ⌐ ▬○fi╛♃fi◓☻♥fi ▬○fi WO42- ⅜ ∆╢↓

≤⅜ ↕╣≡™╢⁹╕√ ▬○fi≤⇔≡ꜞfi PO4
3-⁸HPO32-⁸H2PO4- ⁸ SO4

2-

┼╙ ≤ ↕╣╢⁹ 

 

ꜞfi─ ≤⇔≡⁸ ( 6)⅜ ↕╣≡™╢⁹⸗ꜞⱩ♦fi≤ ∂ↄ

мa ⌐ ⇔╒╓ ─ ╩╙≈♃fi◓☻♥fi ⅛╠─ꜞfi─ ≢№╢⁹

▪ꜟ◌ꜞ ≢ √ Na2WO4 ⌐│ꜞfi─ Na Na2HPO4⁸Na3PO4 ⅜ ⇔≡™

╢⁹↕╠⌐ HCl≢ ⇔⁸▪fi⸗♬▪ ⌐⇔√─∟⁸ ≢ⱴ◓Ⱡ◦▪ ╩ ⇔⁸

NH4MgPO4╩ ↕∑ ∆╢ ≢⁸ꜞfi ╩ 0.01 % ⌐∆╢↓≤⅜ ≤↕╣

≡™╢⁹ 

 

─ ≤⇔≡⁸ ( 6) ( 7)⅜ ↕╣≡™╢⁹⸗ꜞⱩ♦fi╩ ╗ ⌂

─ ≈│ Molybdenite⁸MoS2 ≢№╢⅜⁸↓╣╩ ≢ ∆

╢↓≤≢ MoO3╩ ╠╣╢⁹↓─ ⌐⁸SOx ●☻⅜ ∆╢√╘ ⅜ ≤⌂

╢⁹⌂⅔⁸ │ ─⸗ꜞⱩ♦fi ─ ≢№╢√╘⁸ ─ Mo- 99

─ ⌐ ⌐ ↕╣≡⅔╡ ─ ╩ ≢⅝⌂™ ⅜№╢⁹ 

 

♫♩ꜞ►ⱶ│⁸Mo- 99 ⱪ꜡☿☻─▪ꜟ◌ꜞ ≢ ─NaOH≢ ↕╣⁸

─ ▪ꜟⱵ♫ ≢ ↕╣╢≤ ⅎ╠╣╢⁹╕√⁸▪ꜟⱵ♫

H+ ≢ ▬○fi╩ ( 3) ( 8)∆╢ ⅜ ↕╣≡⅔╡⁸♫♩ꜞ►ⱶ▬○fi Na+

─ ⅜ ≢⅝╢⁹ 

 

╕√⁸ │ ⅜ ⌂╢√╘⁸ ⌐╟╡ ⅜ ∆╢⁹

( 9)│⁸S- 35( 87.51 d)⁸P- 32(14.282 d)⁸Mo- 99(65.94  h)⁸W- 187(23.9  h)⁸Na-

24(15.659 h)≢№╢⁹ ─ ≤≤╙⌐⁸Na- 24≤W- 187│ ⇔⁸S- 35≤ P- 32│

╩ ∆╢ ⅜№╢⁹ 

 

─ ╡⁸ W⁸P⁸S⁸Na ─ ╩ ⇔⁸ 3.1.3 (1) - 5⌐╕≤╘

√⁹▪ꜟⱵ♫◌ꜝⱶ┼─ ╛⁸ ה ≤⇔≡ ∆╢ ⌂≥≢№╢⅜⁸

⁸Mo- 99 ⱪ꜡☿☻┼─ ╛ ⌐≈™≡⁸ ─ ⅜ ≢№

╢⁹ 
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    ᵓⱪ꜡☿☻ⱨ꜡כ 

≢│⁸3.1.3(1) ᵒ≢ ⇔√ ╛ ─ 3.1.4(1) ─

╩ ╕ⅎ≡⁸ 3 ⌐ ⇔√ Mo ⱪ꜡☿☻─ⱪ꜡☿☻ⱨ꜡כ╛ⱴ

☻Ᵽꜝfi☻ ╩ ⇔√ ⌐≈™≡ ∆⁹Mo- 99 ⱪ꜡☿☻ ┘ Tc- 99m

─ ⱪ꜡☿☻╩ 3.1.3(1) - 1 ⌐⁸ⱴ☻Ᵽꜝfi☻ ⌐⅔↑╢ ╩

3.1. 3( 1) - 6 ⌐⁸ⱴ☻Ᵽꜝfi☻ ╩ 3.1. 3(1) - 1 ⌐ ∆⁹⌂⅔⁸MoO3 ─

│⁸3.1. 3(1)ᵑ─ ╩ ╕ⅎ≡⁸W⁸P⁸S⁸Na─ 4 ╩ ≤⇔⁸Mo

─ │⁸3.1.3(1) ᵒ─ 3.1.3(1) - 5 ─℮∟⁸

╙ ⌂ ≢№╢▪ꜟⱵ♫◌ꜝⱶ⌐╟╢ ╩ ∆╢≤⇔√⁹ 

ⱴ☻Ᵽꜝfi☻ ┘ Mo- 99/Tc- 99m─ ─ ♩♇◕כ♃⁸ ⇔⅛╠ Mo

╕≢─ ⅜ 1 ─ ─ Mo 600 Ci/ 43 GBq/g- Mo ⁸2

─ ─ Mo- 99 │ 470 Ci/ 33 GBq/g- Mo ≢№╡⁸

╗ │ 25 kg/ ≤─ ╩ √⁹╕√⁸Mo ─

│ ppm ppm ≤⌂╢≤ ╩ √⁹⌂⅔⁸ Tc- 99 ─

│ɗ ┘ɘ ─ ⌐╟∫≡ ╘╠╣≡⅔╡⁸ ppm≢╙ ╩ ∆╢

⅜№╢√╘⁸Mo ⱪ꜡☿☻≢│⁸ ⌐⅔↑╢ ─ ⅜

≤⌂╢⁹√∞⇔⁸ ─ ─ ⌐⁸Tc ⌐ Mo╩▪ꜟⱵ♫⌐ ↕

∑⁸ ⌐╟╡ Tc- 99 ╩ ↕∑╢ │⁸ │ ↕╣⌂™

⅜№╡⁸Tc ⌐│ ⅜ ⇔⌂™ ╙ ⅎ╠╣╢⁹ ∫≡⁸Mo- 99

ⱪ꜡☿☻⌐⅔↑╢ ─ ╡ ™│⁸ ╩ ╕ⅎ≡ ⱪ꜡☿☻─ ╛

─ ⅜ ≢№╢⁹ 
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3.1.3(1) - 1 ─ ─  

     

-ORIGEN2.2 ♪כ◖ UPJ 

MoO3 Ɑ꜠♇♩  1(g)  

 5.3E+14 (n/ ( cm2הs) )  

 7  

 48  

 

 

3.1.3(1) - 2 MoO3 Ɑ꜠♇♩⌐ ╕╣╢ ─  

 
(g)/  

MoO3 Ɑ꜠♇♩ 1g √╡)  
 

O 9.7E- 05 
MoO3 ♃כ♦ JAEA-

Technology2015- 030β10)╟╡ 

Na 5.6E- 05 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

Mg 1.0E- 05 Mo ─ ╟╡ 

Al  5.9E- 05 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

Si  3.0E- 05 Mo ─ ╟╡ 

P 1.8E- 05 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

S 1.1E- 04 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

Cl 2.2E- 04 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

K 5.6E- 05 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

Ca 7.9E- 06 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

Fe 1.1E- 05 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 

Cu 1.0E- 05 Mo ─ ╟╡ 

W 1.0E- 05 Mo ─ ╟╡ 

Pb 1.1E- 04 
MoO3 ♃כ♦ JAEA-

Technology2015- 030)╟╡ 
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3.1.3(1) - 3 MoO3 Ɑ꜠♇♩ 48 ⌐⅔↑╢ Tc- 99m⌐ ∆╢

─ ─  

  
ɘ

ɘ │ɗ

 H  3 1.4E-20

BE 10 6.2E-17

 C 14 3.2E-13

NA 22 3.3E-11 3.3E-11

NA 24 1.3E-05 1.3E-05

MG 28 2.0E-15 2.0E-15

AL 28 1.3E-15 1.3E-15

 SI 31 9.7E-12 9.7E-12

 SI 32 4.4E-17

  P 32 5.5E-05

  P 33 1.2E-07

  S 35 2.4E-05

 CL 36 7.7E-10 7.7E-10

 CL 38 3.0E-28 3.0E-28

 AR 37 4.0E-07 4.0E-07

 AR 39 3.0E-09

 AR 41 9.9E-16 9.9E-16

 AR 42 5.5E-18

  K 40 9.8E-15 9.8E-15

  K 42 1.1E-06 1.1E-06

  K 43 1.5E-10 1.5E-10

 CA 41 9.3E-13 9.3E-13

 CA 45 9.4E-09 9.4E-09

 CA 47 2.9E-10 2.9E-10

 SC 46 5.2E-14 5.2E-14

 SC 47 2.5E-10 2.5E-10

 SC 49 2.8E-23 2.8E-23

CR 51 7.0E-10 7.0E-10

MN 54 5.9E-09 5.9E-09

MN 56 2.2E-13 2.2E-13

FE 55 1.2E-08 1.2E-08

FE 59 8.2E-09 8.2E-09

CO 58 3.5E-18 3.5E-18

CO 60 7.5E-11 7.5E-11

CO 61 1.3E-17 1.3E-17

NI 63 1.7E-10

NI 65 2.6E-14 2.6E-14

NI 66 1.0E-13

CU 64 4.2E-06 4.2E-06

CU 66 9.0E-14 9.0E-14

CU 67 1.7E-11 1.7E-11

ZN 65 5.8E-12 5.8E-12

ZN 69 3.3E-30 3.3E-30

KR 87 4.7E-26 4.7E-26

KR 88 1.4E-29 1.4E-29

RB 86 2.5E-17 2.5E-17

RB 88 1.4E-29 1.4E-29

SR 91 9.0E-18 9.0E-18

ɘ
ɘ │ɗ

 Y 89M 6.3E-07 6.3E-07

 Y 90 5.0E-12 5.0E-12

 Y 91 2.4E-15 2.4E-15

 Y 92 9.0E-18 9.0E-18

 Y 93 2.0E-17 2.0E-17

ZR 89 6.3E-07 6.3E-07

ZR 93 5.4E-15

ZR 95 2.1E-06 2.1E-06

ZR 97 1.8E-09 1.8E-09

NB 92 4.5E-14 4.5E-14

NB 93M 3.2E-12 3.2E-12

NB 94 2.0E-12 2.0E-12

NB 95 5.1E-07 5.1E-07

NB 95M 1.2E-08 1.2E-08

NB 96 7.4E-08 7.4E-08

NB 97 1.8E-09 1.8E-09

NB 97M 1.7E-09 1.7E-09

MO 93 5.4E-09 5.4E-09

TC 98 3.2E-17 3.2E-17

TC 99 1.2E-08 1.2E-08

RH105 9.0E-26 9.0E-26

RH106M 1.1E-27 1.1E-27

YB177 2.9E-19 2.9E-19

LU177 1.0E-20 1.0E-20

HF180M 4.7E-17 4.7E-17

HF181 1.5E-11 1.5E-11

HF182 2.6E-22 2.6E-22

TA180 3.3E-15 3.3E-15

TA182 3.7E-11 3.7E-11

TA183 2.0E-10 2.0E-10

 W181 6.8E-07 6.8E-07

 W185 8.8E-07 8.8E-07

 W187 7.2E-05 7.2E-05

 W188 4.5E-08 4.5E-08

RE186 3.7E-08 3.7E-08

RE187 1.9E-15

RE188 3.4E-06 3.4E-06

RE189 9.2E-10 9.2E-10

OS191 1.3E-16 1.3E-16

OS191M 9.5E-17 9.5E-17

IR192 4.1E-27 4.1E-27

HG203 6.5E-12 6.5E-12

TL204 6.5E-14 6.5E-14

TL206 3.3E-22 3.3E-22

PB205 1.2E-15 1.2E-15

PB209 5.0E-12

BI208 1.4E-21 1.4E-21

BI210 5.7E-14 5.7E-14

BI210M 3.4E-22 3.4E-22

PO210 1.6E-15 1.6E-15

TOTAL 1.0E-04 1.8E-04



  

3.1.3(1) - 7 

 

  3.1. 3(1) - 4 ─ ─ ( 1) 

Radionuclide  
Limit (1/Tc - 99m)  

Fission EU  

Limit (1/ Tc - 99m)  

Non- Fission EU  

Limit (1/ Tc - 99m)  

US 

99
Mo 1×10

- 3
 1×10

- 3
 1.5×10

- 4
 

131
I  5×10

- 5
 

 
5×10

- 5
 

103
Ru 5×10

- 5
 

 
5×10

- 5
 

89
Sr 6×10

- 7
 

 
6×10

- 7
 

90
Sr 6×10

- 8
 

 
6×10

- 8
 

ɖ- Emitters  1×10
- 9

 
 

1×10
- 9

 

All other ɘ-

emitters  
1×10

- 4
 1×10

- 4
 

 

All other ɘ and ɗ-

emitters  
  

1×10
- 4

 

 

 

  



  

3.1.3(1) - 8 

 

3.1. 3(1) - 5  

     

 

 

 

 

W <10ppm - ⌂⇔  - 

P - <0.01  ⌂⇔  - 

S - - ⌂⇔  ⌂⇔  

Na <1ppm - ⌂⇔  - 

 

  

   



  

3.1.3( 1) - 9 

 

3.1.3(1) - 6 Mo- 99 ⱪ꜡☿☻ ┘ Tc- 99m ─ ⱪ꜡☿☻ ⱴ☻Ᵽꜝfi☻ ⌐⅔↑╢  

ⱪ꜡☿☻    

Mo-99 ⱪ꜡☿☻ 

MoO3  778g Mo-98 98wt% 

Mo  

 

Na 56ppm 

JAEA -Technology2015-030⌐ ≠ↄ⁹ P 18ppm 

S 110ppm 

W 10ppm Mo ─ ⌐ ≠ↄ⁹ 

SUS  

 

Fe 70wt% 

JIS G 3447 ☻♥fi꜠☻ כꜞ♃♬◘ ─ ⌐ ≠ↄ⁹ Ni  10wt% 

Cr 20wt% 

NaOH  

 

 6mol/L  
2 β11⌐ ≠ↄ⁹ 

 2.5mL/g -MoO3 

SUS  2wt% 
Mo-98⌐ ∆╢  

─ ≤⇔≡  

SUS  0.02wt% 
SUS ⌐ ∆╢  

3 ⌐ ≠ↄ⁹ 

▪ꜟⱵ♫┼─  37mg/g-▪ꜟⱵ♫ Mo ≤ ≤ ⁹ 

 20% 2 ⌐ ≠ↄ⁹ 

Tc-99 ⱪ꜡☿☻ 

▪ꜟⱵ♫┼─ Mo  37mg/g-▪ꜟⱵ♫ 3.1.4(2) ⌐ ≠ↄ⁹ 

▪ꜟⱵ♫┼─  20% 2 ⌐ ≠ↄ⁹ 

▪ꜟⱵ♫ ─ 

 
0.7g/g-▪ꜟⱵ♫ 3.1.4(2) ⌐ ≠ↄ⁹ 

Tc-99 ─  1mL/g -▪ꜟⱵ♫ ⁹ 

  



  

3.1.3( 1) - 10 

 

 

 

3.1.3(1) - 1 Mo- 99 ⱪ꜡☿☻ ┘ Tc- 99m ─ ⱪ꜡☿☻ 

  



  

3.1.3( 1) - 11 

 

 

( 1) Xiaolin Hou ,  ΓDetermination of radionuclidic  impurities in 99mTc eluate  

from 99Mo/99mTc generator for quality control Δ, J Radioanal Nucl Chem 

314:659Έ668, Denmark ( 2017) 

( 2) ▪ꜝ▬♪ⱴ♥ꜞ▪ꜟ ₈  5- 9617 ⸗ꜞⱩ♦fi

─♃fi◓☻♥fi─ ₉ 1995  

(3)  ╠ ♫Ⱶꜟ▪ה◌ꜞ◦₈ ─ ₉  20 8 1971  

(4) H.Kamioki , Γ188Wќ188Re Generator for Biomedical Applications Δ

Radiochimica Acta, vol.65, 39 - 46 (1994) 

( 5) ╠ ♫Ⱶꜟ▪ה◌ꜞ◦₈ ─ ▬○fi ₉ 21 12

1972  

(6) ₈  ( ) ─♃fi◓☻♥fi, ⸗ꜞⱩ♦fi ₉

/97  1122 1981  

(7)  ₈2020  17120─ ₉ P209 2020  

(8)  ╠ ♫Ⱶꜟ▪ה◌ꜞ◦₈ ─ ▬○fi ₉ 20 11

1971  

(9)  ₈ ₉ 

(10)   JAEA- Technology2015- 030 ⌐╟╢99Mo/99mTc ⌐ ∆╢ 

─  

      (11) 2    ◦☻♥ⱶ 

 ─ ▬fiⱨꜝ╩ ⇔√ RI─ ⌐ ↑     

√  



  

3.1.3( 2) - 1 

 

(2) ─  

3 ─ ─ ⁸Mo◌ⱪ☿ꜟ─ │⁸◌ⱪ☿ꜟ ≤◌ⱪ☿ꜟ

─2ꜚ♬♇♩≢ ↕╣╢ ≢ ∆╢↓≤≤⇔√⁹↓╣╩ ↑≡ 4 │⁸ꜚ♬♇

♩─ ╩ ↕∑╢√╘─ ה ╩ ™⁸ ─ ╩ ∫√⁹ 

 

ᵑ ◌ⱪ☿ꜟ  

⌐№√╡⁸Ɽכ♠ⱨ▫כ♄╩ ╡ ℮ⱷכ◌╩ ⇔√⁹ ⇔√ ⁸Mo◌

ⱪ☿ꜟ─ ⅝╩∕╤ⅎ≡ ┼ ∆╢◌ⱪ☿ꜟ │⁸ ≢№╢Ɽ

─♄כ▫ⱨ♠כ ╩ ™╢↓≤⅜ ≢№╡⁸ ⌐ ∆╢ ≤⇔≡ ┼™ ╩

MHI⌐≡ ⇔ ∆╣┌⁸◌ⱪ☿ꜟ │ ≢ ─ ╩ ⇔

≡ ⌂ ╩ √⁹ 

 

ᵒ◌ⱪ☿ꜟ  

3 ─ ≢⁸◌ⱪ☿ꜟ ╩▬ⱷכ☺ ≢ ⇔√

3.1.3(2) - 1 ⁹↓╣╩ 3D⸗♦ꜟ≤⇔≡ ─ ╛ ⱨ꜡כ⌐╟╢

≤™∫√ ╩ ∫√⁹ ╩ ⌐ ∆╢⁹ 

 

ᵑ ↕╣√◌ⱪ☿ꜟ╩ ⌐ ⇔⁸ ╩ ℮⁹ 

3.1.3(2) - 2  

ᵒ ꜡כꜝ ≤ ꜝכ꜡ 2≈ ○꜠fi☺ ≢◌ⱪ☿ꜟ╩

╪≢ ⇔⁸ ╩ꜝכ꜡ ↕≡◌ⱪ☿ꜟ╩ ↕∑╢⁹ 

3.1.3(2) - 3  

ᵓ ◌ⱪ☿ꜟ ⌐ꜟ☿ⱪ◌╩♃♇◌ꜝכ꜡─ ⇔ ↑≡ ╩ ∆╢ ∕

─ ⁸◌ⱪ☿ꜟ ╩ꜟ☿ⱪ◌≢♃♇◌ꜝכ꜡─ 2 ⇔⁸ ⌐◌ⱪ☿ꜟ

│ ⅜ ⇔√ 2≈─ ◌ⱪ☿ꜟ≤⌂╢⁹ 3.1.3(2) - 4  

ᵔ ◌ⱪ☿ꜟ╩ ╪≢ ↕∑≡™√ ╩ꜝכ꜡─≈3 ≤╙ ⇔⁸◌ⱪ☿ꜟ╩

♫♩ꜞ►ⱶ ┼ ↕∑╢⁹ 3.1.3(2) - 5  

 

╕√⁸◌ⱪ☿ꜟ │⁸ ≢№╢ ╡ ⅜ ⇔⌂™╟℮⁸∑╪

╩♃♇◌ꜝכ꜡╢№≢ ™√ ╩ ≤⇔≡™╢⁹↓─√╘⁸ ╩ ∆

╢╟⌐♃♇◌ꜝכ꜡⁸⌐╘√╢ ─ ─ ≤⁸◌♇♃ ⇔ ↑ ╛◌ⱪ☿ꜟ─

┘ ⌐≈™≡─ ╩ ⇔√⁹ 

 

1)  

ꜟ☿ⱪ◌ה ɫ4.8 mm⁸ ↕ 53 ⁸ 0.2 ⁸ SUS304  

♃♇◌ꜝכ꜡ה TCC105E☻כⱤכ♠כꜟ  

ה ꜝכ꜡ ɫ12 ⁸ ►꜠♃fi◗ⱶ ◦ꜛ▪ A90  

ה ꜝכ꜡ 93 rpm  



  

3.1.3( 2) - 2 

 

ꜟ☿Mo◌ⱪה 233 rpm 

ה 80 N ⱪ♇◦ꜙⱪꜟ◕כ☺≢ ⇔⌂⅜╠ ⌐≡ ⅎ√  

◐♇ꜗ☺∂⌡ה ╡Ⱨ♇♅ 0.08 mm 

β ꜡כꜝ 4 Mo◌ⱪ☿ꜟ 10 ↔≤⌐ 0.08 mm╩ ∫≡ ╡

╪∞ 

ה ꜝכ꜡ ─ꜝכ꜡ ⌐╟∫≡◌ⱪ☿ꜟ⅜꜡כꜝ◌♇♃⅛╠ →⌂

™  

  

 ╩ 3.1.3(2) - 6⌐ ∆⁹ 

 

2)   

ᵑ ⌐◌ⱪ☿ꜟ╩ ⇔⁸ ≢ꜝכ꜡ ↕ⅎ╢⁹ 

ᵒ ╩ ─ꜟ☿ⱪ◌╩כ꜠♩√↑ ⌐ ⇔≡⁸ ⅜◌ⱪ☿ꜟ─ ─

↕≤⌂╢╟℮⌐⌡∂☺ꜗ♇◐─ ↕ ∆╢⁹ 

ᵓ ⸗כ♃─ ╩ ╣◌ⱪ☿ꜟ╩ ↕∑╢⁹ 

ᵔ ⌡∂☺ꜗ♇◐╩ ⇔≡ ╩ 0.08 mm →╢ ╢  

ᵕ ⱪ♇◦ꜙⱪꜟ◕כ☺≢ ⇔⌂⅜╠ ⌐≡ ⌐ ╩ ↑╢⁹↓─  

╩ ∆╢⁹ 

ᵖ ꜡כꜝ⅜ 4 ⇔√╠ ╩ ╘╢⁹ 

ᵗ ◌ⱪ☿ꜟ⅜ ↕╣╢╕≢⁸ ᵔ ᵖ╩ ╡ ∆⁹ 

 

 ╩⁸ 3.1.3(2) - 7 3.1.3(2) - 8⌐ ∆⁹ 

 

3)  ≤  

╩ 3.1.3(2) - 1⌐ ∆⁹ 

─ ≢│⁸ ⌐╟╢ ─ │ ⅛∫√⁹╕√⁸⌡∂☺ꜗ♇◐─ ╡

7 8 ≢Mo◌ⱪ☿ꜟ─ ⅜ ≢№∫√⁹◌ⱪ☿ꜟ─ ╡ ╩ 3.1.3(2) - 9⌐

∆⁹ 

─ ≢│⁸ ⌐╟╢◌ⱪ☿ꜟ─ ╖ ╖╩ ╠∆ ≢⁸

ⱶ◗─ꜝכ꜡ ─ ™╙─╩ ⇔√⅜⁸ ╩ 80 N ⅛↑╢≤ ꜝכ꜡

─◗ⱶ⌐ ─ ╖ ╖⅜ ∂⁸◌ⱪ☿ꜟ⌐ ╣ ⅜ ∂√ ⁸ ─ⱶ◗─ꜝכ꜡

⌐╟╡◌ⱪ☿ꜟ⅜ ⅝ ⅜╡⁸ ╣ ⌐ ⅜ ╖ ╪≢⇔╕™⁸◌ⱪ☿ꜟ⅜

≢⅝⌂™ ⅜ ∆╢ ⅜№∫√⁹↓─ │⁸ ╩ ╠⇔≡◌ⱪ☿ꜟ⅜

⌂ ╩ ∆╢↓≤≢ ─ ╩ ∆╢↓≤⅜ ≢№∫√⁹↓─ ⁸

◌ⱪ☿ꜟ⅜ ∆╢↓≤⌐╟∫≡ ╣ ─ ╡ →⅜ ╡ ↕╣⁸ ╙



  

3.1.3( 2) - 3 

 

↕╣≡ ↕╣≡™╢╟℮⌐ ⅎ√⁹ 

√∞⇔⁸ ─ ─ ╖ ╖⅜ ⇔≡╙⁸◌ⱪ☿ꜟ─ ⅜ ⅝↑╣┌⁸

≢⅝╢ ⅜№╢√╘⁸ ─ ꜝכ꜡⌂℮╟─ ⌐╟╢ ≤│═≈⌐⁸♅ꜗ

♇◐fi◓⌐╟╢ ╙ ≢№╢≤ ∂√⁹ 

 

╢╟⌐♃♇◌ꜝכ꜡⁸╠⅛ Mo◌ⱪ☿ꜟ ⌐ ≤ ⅎ╠╣╢

⌐≈™≡ ⌐ ∆⁹ 

√∞⇔⁸ ╩ ∆╢ ≢│⁸╟╡ ⌂ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

╩ꜟ☿ⱪ◌ ה ↕∑╢ ⁸│◒ꜟ♩─ꜝכ꜡ ɫ12 mm⁸⅜ꜝכ꜡ ►꜠♃

fi◗ⱶ ◦ꜛ▪ A90 ─ ⁸63 mNm ≢№╢⁹ 

ꜝכ꜡ ה 4 Mo◌ⱪ☿ꜟ⅜ 10 ∆╢↔≤⌐ ─ ╩ 0.08 mm →

╢ ╩ 7 8 ╡ ∆ ⅜№╢⁹∕─ ─ │ 80 N ≢№╢⁹ 

⌐ꜟ☿ⱪ◌ ה ╩ ↑≡╙◌ⱪ☿ꜟ⅜ ╖ ╕⌂™╟℮⁸◌ⱪ☿ꜟ╩ ∆

ꜝכ꜡╢ │ ⌂ ≤∆╢⁹ 

♃♇◌ꜝכ꜡ ה ╡ │⁸◌ⱪ☿ꜟ⅜ ↕╣√ ⌐ ─ ╡ ╖⅜ ⅎ╢ ◄

▪◦ꜞfi♄╛┌⌡⌐╟╢ ⇔ ↑ ≤⁸ ↕╣√ ⌐◌♇♃⅜ ╖ ╖⁸

⅜☺♇ꜞ♩כ◌ ⇔⌂ↄ⌂╢√╘ ≢⅝⌂™↓≤⅛╠⁸ ╡ ╖ ╩ ⌐

↕╣≡ ⅜ ↑≡╙ ╡ ╖∆⅞⌂™ ≢⅝╢⌡∂ ─ ⇔ ↑

⅜ ≢№╢⁹ 

 

  



  

3.1.3( 2) - 4 

 

 

3.1.3(2) - 1 ⌡∂☺ꜗ♇◐ ♃♇◌ꜝכ꜡ ╡⌐ ≤ ♩ꜟ◒⌐  

⌡∂☺ꜗ♇◐

╡  

I

mA  

1 80 

2 90 

3 110 

4 80 

5 80 

6 80 

7 100 

 88.6 

 

  



  

3.1.3( 2) - 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - 1 ◌ⱪ☿ꜟ ▬ⱷכ☺ ₒR3 ₓ 

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - 2  ◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ (1/4)  

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - 3  ◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ (2/4)  

 

 



  

3.1.3( 2) - 6 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - 4  ◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ 3/4)  

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - 5  ◌ⱪ☿ꜟ 3D⸗♦ꜟ▬ⱷכ☺ 4/4)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - 6  

 ♃♇◌ꜝכ꜡

♃♇◌ꜝכ꜡ ╡⌡∂ 

◌ⱪ☿ꜟ  ♃כ⸗

◌ⱪ☿ꜟ

↕ⅎ꜡כꜝ 

◌ⱪ☿ꜟ ꜝכ꜡ ►꜠♃fi  

 ꜝכ꜡



  

3.1.3( 2) - 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - ♃♇◌ꜝכ꜡ 7 ⇔ ↑  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - ╢╟⌐♃♇◌ꜝכ꜡ 8  

 

 

 

 

 

 

 

 

 

⅜ ╢ 
⅜ ╗ 

 

 



  

3.1.3( 2) - 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3(2) - 9 ⇔√◌ⱪ☿ꜟ─ ╡  



  

3.1.3( 3) - 1 

 

 

(3)  ─  

ᵑ  MoO3 ─  

1)  

HIP ⌐≡ ⇔√ MoO3 ⌐≈™≡⁸

Ɑ꜠♇♩ (ɫ18 20×10 mm) ┼ ∆╢ ⌐ ⅜

⇔⁸ ⅜ ⌂ ≤⌂∫≡™╢⁹↓─√╘⁸HIP ⌐≈™≡⁸

⌐ ⅜ ↕╣╢ ⅜ ⌐ ⅎ╢ ╩ ═

╢⁹  

 

2)  

⌐ ⇔√ ⌐≈™≡⁸ 3.1.3(3) - 1⌐ ∆⁹ ⌐│⁸

HIP ( (₈HIP_M₉≤ ┬ ) ┘ (₈HIP_M(HI)₉≤

┬ )⁸ ⱪꜝ☼ⱴ (SPS)⁸MoO3 ┘◦ꜞ◖fi (Si)

╩ ™√⁹ ⱳ▬fi♩╩ 3.1.3(3) - 1⌐ ∆⁹⌂⅔⁸HIP_M⌐≈™≡⁸

⌐ ─№╢≤ ╦╣╢ ─ ⅛⌂◐☼⅜ ↕╣√↓

≤╟╡⁸ ─ ⌐≈™≡╙ ╩ ⇔√⁹  

 

3)  

≢│⁸ X (XRD) ⌐╟╡ ─ ╩ ∫√⁹

XRD ≢│⁸ X ⌐╟╡ ╠╣√ⱪ꜡ⱨ□▬ꜟ (

3.1.3(3) - 2)╩ ⌐⁸ ─ ⌐ ™╢ Ⱨכ◒╩ ⇔⁸

╩ ∆╢⁹⌂⅔⁸ ⌐≡ ⇔√ │⁸ꜞ●◒ X

SmartLab≢№╢⁹ ┘ ⌐≈™≡│ 3.1.3(3) - 2

⌐ ∆  

 

4)  

─ ╩ 3.1.3(3) - 3 4⌐ ∆⁹  

MoO3 ╩ ╘⁸ ⌐⅔™≡ ╠╣√X ⱪ꜡ⱨ□▬

ꜟⱤ♃כfi ( 3.1.3(3) - 2)│ ⇔≡⅔╡⁸ⱷ▬fiⱧכ◒⅜Orthorhombic

⁸◘ⱩⱧכ◒⅜Monoclinic ─2 ─MoO3Ⱨכ◒⅜ ⇔√ ≢

№╢↓≤⅜ ↕╣√⁹╕√⁸ ≢№╢SPS ┘MoO3 ⌐≈

™≡│⁸HIP≢─ ⌐ ═Monoclinic ─Ⱨכ◒⅜ ™ ⅜ ╠╣

√⁹↓╣│⁸ ─ ─⅛↑ ─ ™ (SPS) ┘ ⱱꜟ♄כ┼─

( )⅜ ⇔≡™╢╙─≤ ⅎ╠╣╢⁹ ╠╣√X ⱪ꜡ⱨ□▬

ꜟⱤ♃כfi╩ ⌐⁸MoO3(320) Ⱨכ◒╩ ─ ⌐ ⇔√⁹  

⌐≈™≡ ╩ ⇔√ ⁸HIP_M⌐⅔™≡ ⌐╟╢

( ) ┘ ( ⁸ )─ ™⅜ ↕╣√⁹

─ ⌐≈™≡│⁸ ⌐ ⅜ ↕╣√⁹⌂⅔⁸ ≢№╢



  

3.1.3( 3) - 2 

 

Si ─ │ - 13.5  MPa≢№∫√⁹  

≢№╢SPS⌐⅔™≡│⁸Si ─ ─ ≢№

╢↓≤╟╡ (MoO3 ꜘfi◓ /ⱳ▪♁fi 58 GPa/0.18)⁸ ─ ⅜

╒╓ ⇔⌂™≤ ⅎ╠╣⁸∕─√╘ ⅜ ⇔⌂™≤ ↕╣╢⁹  

╕√⁸HIP_M(HT)⌐⅔™≡│⁸HIP ⌐≈™≡ ⇔ ╩ ⇔√

↓≤≢⁸ ─Ᵽꜝ≈⅝⅜ ↕╣√╙─≤ ⅎ╠╣╢⁹∕─ ⁸

⇔ ╩ ∫≡™⌂™HIP_M≤ ═⁸ ─ ⅜

⇔√╙─≤ ↕╣╢⁹  

 

5)╕≤╘  

HIP ⌐≈™≡⁸ ⌐╟∫≡ ⌐ ™⅜№╢⅜⁸ ⇔

⌐╟∫≡ ↕╣╢ ⅜ ↕╣√⁹ ⇔≡ ⅜ ≢№╢

SPS ─ ⅜ - 25 - 29 MPa ≤Si ─

≢№╢↓≤╟╡⁸↓─ ─ ≢№╣┌⁸ ─ ⅜ ∆

╢↓≤⅜ ⅎ╠╣╢⁹  

HIP ≤SPS ≢│⁸ ─ ⅜ ⌂∫≡⅔╡ (HIP ⁸

SPS )⁸↓─ ─ ⅜ ⌐ ╣⁸Ɑ꜠♇♩ ┼─

─ ⌐≈⌂⅜∫≡™╢ ⅜ ↕╣√⁹  

 

ᵒMo ─  

1)  

a)  

MoO3Ɑ꜠♇♩╩ ∆╢√╘─⸗ꜞⱩ♦fi(Mo) ─ ⌐

№√∫≡─ ╩ 3.1.3(3) - 5⌐ ∆⁹ 

≢│⁸ ⌐╟╢ 99Mo/99mTc ≢ ≤↕╣≡™╢ ┘

─ ≢ ⌂ ⌐≈™≡ ⇔√⁹ 

 

b) ⱪ꜡☿☻ 

MoO3╩ ∆╢√╘─Mo ─ ⌐№√∫≡⁸ ⌂ ⱪ

꜡☿☻│⁸ ⌐ ∆3 ≤⇔√⁹ 

ч MoO3╩ ⇔√ ☻꜠fi♥☻)♩♇◕כ♃╖ (SUS) )─6 M-   

  ♫♩ꜞ►ⱶ(NaOH)≢─  

ш ╠╣√Mo ⅛╠─ ─  

щ) ─ ( ◦☻♥ⱶ│ ⌂ ╡ ⇔⁸ⱱ♇♩☿ꜟ ≢ 

  ─ ⌐ ↕∑╢)  

⌂⅔⁸ ⌂≥ ─ │ ⁸ ─ ╩ ∆╢⁹╕√⁸

│ ⌐MoO3╩ ≢⅝╢ ↕╣√ MoO3- x⌐≈™≡╙

≤∆╢ ≤∆╢⁹ ─ ⌐≈™≡│⁸ ┘ ╟╡

∆╢ Cs- 134⁸Co- 60⁸Nb- 92m─ ⌐≈™≡ ∆╢╙─≤⇔√⁹ 



  

3.1.3( 3) - 3 

 

c) ♃כ◕♇♩─  

╩♩♇◕כ♃ ∆╢⌐№√∫≡─⁸ ─♩♇◕כ♃ ─ ┘

⌐ ∆╢ ─ ╩ ⌐ ∆⁹ 

ч ∆╢ ─♩♇◕כ♃  

SUS304 

( ) 45 mm(OD ɫ5 mm⁸ID ɫ4.5 mm) 

0.72 cm3/SUS 1 ╡ 

⌐ ∆╢MoO3 600 g 864 gβ  

β MoO3 864 g │ ≤⇔≡ ╩ ℮⁹ 

 

ш ∆╢ ─  

6M- NaOH 

MoO3 ─2 ( MoO3 2NaOHќNa2MoO4 H2O)  

MoO3 ─ ⌐ ∆╢ 6M- NaOH ╩ 3.1.3(3) - 6 ⌐ ∆⁹ 

 

2)  

─ ⌐≈™≡│⁸ 6 ⌐≈™≡ ⇔√⁹ 

a) ⱪ꜡☿☻⌐⅔↑╢ⱨ꜡כ ─  

b) ╩ ⇔⁸ ─ ─ ─  

c) ⌐ ⅜ ↕╣╢ ─ ─  

d)  Mo ─ ┘ ─√╘─ ─  

e) Mo ─ ╩╕≤╘ ┘ ꜞ☻♩─  

f) ╩ ╕ⅎ√Mo ⌐ ╢ ─╕≤╘ 

 

3)  

a)  ⱪ꜡☿☻ⱨ꜡כ 

─ ⌐⅔↑╢ ─ ⱪ꜡☿☻ⱨ꜡כ╩ 3.1.3(3) - 3 ⌐⁸ ↕╣╢

ⱨ꜡כ◦כ♩╩ 3.1.3(3) - 4⌐ ∆⁹ 

ⱪ꜡☿☻≤⇔≡│⁸ ↕╣√ ╩ ╡⁸ ┼ ה ⇔⁸

╩ ⇔√ ⁸ ╩ ⇔≡™ↄ⁹ 

⌐ ≤ ↕╣╢ │⁸ ╩ ∆╢√╘─ ⁸ⱥכ

⁸כ♃ ┘ ה ●☻ ⁸Mo ⅛╠─ ⱨ

⁸Moכ♃ꜟ▫ ♃fi◒⁸ ⁸ ה ⱳfiⱪ

┘●☻ ≢№╢⁹ 

 

 

 



  

3.1.3( 3) - 4 

 

b)   

─√╘─ ⌐≈™≡⁸ ╩ ∆╢√╘⁸ ↕╣╢

MoO3 (600 g ┘ 864 g)⅜ ↕╣√ SUS ─ ╩ ⇔

√⁹∕─ ╩ 3.1.3(3) - 7⌐ ∆⁹ MoO3 ╩ ∆╢ ─ 6M- NaOH

─ │ 3.1.3(3) - 6⌐ ⇔√≤⅔╡≤⇔√⁹ 

MoO3 SUS ╩ ⇔√ɫ5×45 mm ╩ ™⁸5 L ⱦכ◌כ╩

™≡ ─ ╩ ∫√⁹ ─ (5L ⱦכ◌כ)╩ 3.1.3(3) - 5 

⌐⁸ ┘ 6M- NaOH ╩ ⇔√ ─ ╩ 3.1.3(3) - 8 ∆⁹ 

⌐╟╢ ─ ╟╡⁸ │⁸ɫ200 mm⁸ ↕ 270 mm⁸ 5,000 mL

≤⇔⁸Ɽ▬꜠♇◒☻ ─ ≤ 6M- NaOH ┘ ╩ ⇔√ ≤

⇔√⁹╕√⁸ │⁸ ⌐ ╩ ⅝⁸ │ ≤ MoO3- x╩

↕∑╢√╘─ ●☻ ⅜ ≢⅝╢ ≤⇔( 3.1.3(3) - 6)⁸ ╩ ∆√

╘ ⱴfi♩ꜟⱥכ♃כ╩ ⇔√⁹ 

 

c) ⌐ ╕╣╢  

⌐≡⁸ ≢№╢MoO3╩ ⇔√ ⌐ ∆╢ ⌐≈™≡─

╩ ∫√⁹JRR- 3 ⌐≡MoO3╩ 7 ⇔√ ─ɘ ╩

3.1.3(3) - 7 ⌐ ∆⁹↓─ ⁸ ⌐╟╡⁸Mo- 99 ┘ Tc- 99m ─

≤⇔≡ Cs- 134⁸Co- 60⁸Nb- 92m─ ⅜ ↕╣√⁹ 

 

d) ─  

≤⇔≡│⁸ ╩ ⇔≡™╢ SUS ⌐ ∆╢

┘ MoO3- x╩ ≤⇔√⁹ ─ ⱨ▫ꜟ♃כ ≤⇔≡⁸

●ꜝ☻ ┘ SUS ╩ ≤⇔√⁹ ⌐⅔↑╢ ╩ 3.1.3(3) - 9 ⌐

∆⁹↓─ ⁸ ─ │ ≢№╢⅜⁸ ⁸ ▪ꜟ◌ꜞ ┘◖

☻♩ ⌐⅔™≡ SUS ⅜∆←╣≡™╢↓≤╟╡⁸ ⌐⅔™≡│ SUS ─ ⱨ

╩כ♃ꜟ▫ ∆╢↓≤≤⇔√( 3.1.3(3) - 9)⁹ 

 

e)  ─  

MoO3 ⌐╟╢ │⁸ ─≤⅔╡ Cs- 134⁸Co- 60⁸Nb- 92m⅜ ↕

╣≡™╢⁹↓╣╠─ ⌐≈™≡⁸ ╢№─♃כ♦─ ⌂ ╩

⇔√ ╩ 3.1.3(3) - 10⌐ ∆⁹ 

⁸ ╩ 6M- NaOH⌐≡ ⇔√ Mo ┘ MEK⌐╟╢

─ɘ ╩ 3.1.3(3) - 8 ⌐ ∆⁹↓─ ⁸Mo ⌐│⁸Mo- 99⁸ Tc-

99m─ ⌐ Nb- 92m ┘ K- 40 ⅜ ↕╣√⅜⁸Tc- 99m ⌐≈™≡│ Tc- 99m─

╖⅜ ↕╣≡⅔╡⁸ ┘◌ꜝⱶ ⌐╟╡ ⅜ ↕╣√↓≤

⅜ ↕╣≡™╢⁹ 

─ ⁸Tc- 99m ─ ╩ √∆√╘─ ⱷכ◌⌐ ∆╢Mo- 99

─ ╩ ∆╢ ⅜№╢⅜⁸Mo- 99 ─ ╩ →╢√╘─ ⌐
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∆╢ ─ ╩ 3.1.3(3) - 11⌐ ╡╕≤╘√⁹ 

 

f)  ─  

╕≢─ ╟╡⁸ ⌐ ∆╢ ⌐≈™≡ ⇔√⁹

╩ 3.1.3(3) - 12 ⌐ ∆⁹ ⁸ ┘ ♃fi◒─ ╩●ꜝ☻

(Ɽ▬꜠♇◒☻)⁸ ─ ⱨ▫ꜟ♃כ╛ ⱨ▫ꜟ♃

כ ⌐≈™≡│ SUS ≤⇔√⁹⌂⅔⁸ ◌ꜝⱶ┼─ ⌐≈™≡

│⁸ ─ ≢│ ≢№╢⁹ 

 

4) ╕≤╘ 

─ ⌐╟╡⁸ ─ ⌂™ Mo ╩ ╢√╘─ⱨ꜡כ ┘

⌐≈™≡ ⇔╩ ╢↓≤⅜≢⅝√⁹ 

╕√⁸ ⌐╟╡ ⌐ ∆ ⅜ ↕╣√⁹ ⁸ ╩ ℮ ⌐⅔

™≡│⁸ √⌐ ╩ ╘≡™ↄ ⅜№╢⁹ 

-Cs ה 134⁸Co- 60⁸Nb- 92m ─ ─  

─ ה SUS ⇔  

⁸כ♃ꜟ▫ⱨ) ה ◌ꜝⱶ)─ ↑⁸ ⇔  

─ⱣꜟⱩ ה ─☻fi◔כ◦  

) ה ⁸ )─  

 

 

 

3.1.3(3) - 1 ┘  

 

 



  

3.1.3( 3) - 6 

 

 

3.1.3(3) - 2 MoO3X ⱪ꜡ⱨ□▬ꜟ  

 

3.1.3(3) - 1  

ה   

HIP_M  

HIP_M(HT)  

(200ϴ⁸6h)  

HIP  

SPS  

 MoO3 ⁸  

Si   

 

 

3.1.3(3) - 2 ┘  

X (ꜞ●◒  X  SmartLab)  

 CrKɖ (0.15418nm)  2ɝ / ɝ  

X  45kV- 200mA   

 Ⱶꜝכ   5֔2ɝ֔100deg 

ⱦכⱶ  500µmɫ   1.0deg/min  

 2  ◘fiⱪꜞfi◓  0.01deg 

 

 CrKɖ (0.15418nm)   
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X  45kV- 200mA  MoO3 320  

 Ⱶꜝכ  sin 2ɭ  0.1 0.6( 6 )  

ⱦכⱶ  500µmɫ   68.5֔2ɝ֔77.5deg 

 2  ◘fiⱪꜞfi◓  0.01deg 

   3600sec 

X ⱪ꜡ⱨ□▬ꜟ  

  (cps)   

  (deg)   

 2dsinɝ nɠ  d  (nm) 

ɝ  (deg)  

n  

ɠ ─X  

CuKɖ (0.15406nm) 

X ♃כ♦  

ICDD I nternational Center for Diffraction Data  

 

 

 

3.1.3(3) - 3 X Ⱨכ◒  

 
 

(MoO3)   

Orthorhombic  Monoclinic  

HIP_M 
 Ừ ủ 

⁸  
 Ừ ủ 

HIP_M(HT) 
 Ừ ủ 

⁸  
 Ừ ủ 

HIP 
 Ừ ủ 

 
 Ừ ủ 

SPS 
 Ừ ỏ 

 
 Ừ ỏ 

(MoO3)   Ừ ỏ  

Ừ ⱷ▬fiⱧכ◒  ₃ ◘ⱩⱧכ◒ ( )  ỏ ◘ⱩⱧכ◒ ( )  

 

3.1.3(3) - 4  

   

(MPa)  

58Gpa/0.18  210GPa/0.315  
─ 

fiꜘ◓ /ⱳ▪♁fi  

(MoO3) 

HIP_M 

_1 
 +22.64±5.48 +34.22±8.28 

⁸
 

 - 38.21±1.37 - 57.77±2.07 

_2 
 - 22.64±4.21 - 34.22±6.36 

 - 5.19±2.64 - 7.85±3.99 

_1  +4.57±3.20 +6.90±4.84 

_2  +17.24±5.55 +26.06±8.40 



  

3.1.3( 3) - 8 

 

 
 +5.19±3.05 +7.85±4.61 

 - 4.98±3.74 - 7.53±5.65 

HIP_M(HT) 
 -  - 16.82±3.99 - 25.42±6.03 ⁸

  -  - 34.06±5.22 - 51.49±7.89 

HIP 
 -  - 44.23±3.96 - 66.87±5.89 

 
 -  - 43.81±3.45 - 66.24±5.21 

SPS 
 -  - 29.90±4.31 - 45.21±6.51 

 
 -  - 25.55±3.56 - 38.62±5.38 

 
 

MoO3 -  +28.45±1.77 +43.01±2.68 
 

Si  -  13.5±16.57 

 

 

 

 
6M- NaOH 

 
ѝ 

╖

 
ќ 

 
ќ  ќ 

 

 
ќ 

 

 
ќ ♃fi◒ 

ћ 

 

ѝ  ћ 

 

  

3.1.3(3) - 3 ⱪ꜡☿☻ⱨ꜡כ 

 

3.1.3(3) - 4 ⱨ꜡כ◦כ♩ 
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3.1.3(3) - 5  

 

3.1.3(3) - 6  

 



  

3.1.3( 3) - 10 

 

 

3.1.3(3) - 7 MoO3─ Ge  

 

3.1.3(3) - 8 Mo ┘ Tc- 99m ─ Ge  

 

 

3.1.3(3) - 9 ⱨ▫ꜟ♃כ 
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3.1.3(3) - 5 Mo ─  

   

MoO3  
 99.9% 

( )  

 99.99  

( )  

MoO3  750 g 600 g 

6M- NaOH  1735 mL 1500 mL 

Mo   2 L  2 L 

Mo  250 mg/cc 200 mg/cc 

☻Ɑ◒♩ꜟ Mo  №╡ №╡ 

☻Ɑ◒♩ꜟ 99mTc  №╡ №╡ 

 

3.1.3(3) - 6 NaOH  

ᵔ NaOH  (N)  6 

ᵔ MoO 3  (g)  600 864 

ᵔ MoO 3  (mol)  4.2 6.0 

6M-NaOH  (ml)  1389 2001 

Mo 95.95 g/mol⁸ MoO3 143.95 g/mol  

 

3.1.3(3) - 7 Mo ⌐⅔↑╢ SUS ─  

MoO3  600g 864g 

MoO3 SUS   194  279  

 

3.1.3(3) - 8  

 MoO3 600g MoO3 868g 

SUS  194  279  

ⱦכ◌כ  5 L 5 L 

6M- NaOH ╖ 1,400 mL 2,000 mL 

 1,750 mL 2,350 mL 

β 5Lⱦכ◌כ  ɫ200mm⁸ ↕ 250mm 
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3.1.3(3) - 9 ⱨ▫ꜟ♃כ  

 ☻♥fi꜠☻  ●ꜝ☻  

   

   

( )  ─ (HNO3) ⌐

 

HF ┼─  

(▪ꜟ◌ꜞ )   ▪ꜟ◌ꜞ⌐│

 

◖☻♩  ⅜№╡

 

⌐╟∫≡│ ◖

☻♩  

 ─

 

 

 

3.1.3(3) - 10  

 

 

3.1.3(3) - 11 ⌐ ∆╢ ─  

 

 

 

 



  

3.1.3( 3) - 13 

 

 

3.1.3(3) - 12 ⌐ ∆╢  

 

 



  

3.1. 4(1) - 1 

 

3.1. 4 Mo- 98 ⱪ꜡☿☻─ ( MHI⁸JAEA)  ₒR2- R4x  

ₒR2- R3x  

◖☻♩─ ╩ ╢√╘⌐│ ╖Mo⅛╠Mo- 98╩ ה ∆╢↓≤⅜ ╕

⇔™↓≤⅛╠⁸ ⱷכ◌⅛╠ ∆╢Mo⅛╠─Mo- 98 ⱪ꜡☿☻─ ⌐≈™

≡ ╩ ∫√⁹╕√⁸ ⱷכ◌ ┼─ⱥ▪ꜞfi◓ ⅛╠⁸ ⅛╠─

╖Mo │☺▼Ⱡ꜠כ♃ ▪ꜟⱵ♫ ≤⇔≡⁸ ⱪ꜡☿☻─ ╩ ∫√⁹ 

╖Moꜞ ◘▬◒ꜟ ─ ≢│⁸MoO3╩ ∆╢╕≢─ ╩Mo ⱪ꜡☿

☻⁸Mo ⱪ꜡☿☻⁸Mo ⱪ꜡☿☻⁸MoO3 ⱪ꜡☿☻─4≈─ⱪ꜡☿☻⌐ ↑⁸

⌐⅔↑╢ ⌐╟╡⁸93.3 %─Mo ╩ ╠╣╢↓≤╩ ╠⅛≤⇔√⁹╕√⁸

╠╣√MoO3 ─ │ ⌂ↄ⁸ ≢№∫√⁹↕╠⌐⁸↓╣╠─ ⅛╠ ⌐

⅔↑╢Mo ╩ ⇔⁸1 ─MoO3╩ ∆╢√╘⌐ ≤⌂╢ ╖Moꜞ ◘▬◒ꜟ

─ ╩ ⇔√⁹ 

 

 (1)  MHI ₒR4x  

≢│⁸ ⱷכ◌⅛╠ ⇔√ⱴ☻♃כⱵꜟ◌Ί⅛╠ ⇔√ ▪ꜟⱵ♫

⅛╠ Mo- 98╩ ∆╢↓≤╩ ≤⇔≡⁸3.1.4(2) ─◖☻♩ ─ ≢ ⇔√

─ ─ ╩ ╕ⅎ≡⁸ 3 ⌐ ⇔√ⱪ꜡☿☻ⱨ꜡כ╛ⱴ☻Ᵽꜝfi

☻ ╩ ⇔√ ╩ ∆⁹Mo- 98 ⱪ꜡☿☻╩ 3.1.4(1) - 1⌐⁸ⱴ☻Ᵽꜝfi☻

⌐⅔↑╢ ╩ 3.1.4(1) - 1⌐⁸ⱴ☻Ᵽꜝfi☻ ╩ 3.1.4(1) - 1⌐ ∆⁹

⌂⅔⁸ ≢ ⇔≡™⌂™ ○ⱨ●☻┼─NH3⁸HCl │⁸ ╩

⇔≡ ⇔√⁹ 

ⱴ☻Ᵽꜝfi☻ ─ ⁸Mo- 99 ⱪ꜡☿☻⌐⅔↑╢ 1 Ᵽ♇♅ ─ 25 

kg ⅛╠─Mo- 98 │ 476 g≤─ ╩ √⁹ ∫≡⁸ ⌐ ─ Mo- 98Ɑ

꜠♇♩╩ ∆╢√╘⌐│⁸Mo- 98≤⇔≡ 35 g─ ⅜ ≤⌂╢⁹╕√⁸Mo- 98 ⌐

⌂ ≤⇔≡⁸1 mol/L NH3 ⅜ 59 L⁸ ⅜ 238 L⁸11.3 mol/L HCl

⅜ 4 L ≤─ ╩ √⁹ 

Mo- 98 ⱪ꜡☿☻⌐⅔↑╢ ≤⇔≡│⁸ ⌐ ▬○fi╛▪fi⸗♬►ⱶ▬○fi

╩ ╗ ≢№╢ ⅜ 43 L ∆╢≤ ↕╣╢⁹╕√⁸○ⱨ●☻ᵑ≢│

⁸○ⱨ●☻ᵒ≢│ ▪fi⸗♬►ⱶ╩ ╗ ⅜ ∆╢≤ ↕╣╢⁹○ⱨ●☻ᵒ

⌐│ ≤≤╙⌐ ▬○fi╛▪fi⸗♬►ⱶ▬○fi⅜ ⌐ ∆╢ ⅜

™√╘⁸○ⱨ●☻─ ╛ ─ ╩ ∆╢ ⅜№╢⁹ ∫≡⁸ ⱪ꜡☿

☻⌐⅔↑╢ ╩ ∆╢ │⁸○ⱨ●☻┼─ ╩ ∆╢√╘─ ♦

╩♃כ ∆╢ ⅜№╢⁹ 

╕√⁸ ⇔√MoO3 ─ │ ⌐ Al ╛ Na≤ ↕╣╢⅜⁸ │ 1 % ≢№

╡ ─ ™MoO3⅜ ≤ ⅎ╠╣╢⁹ ⅎ≡⁸ ⌐⅔™≡│⁸ ≢

⇔√ ╩ ⇔≡™⌂™√╘⁸ ╩ ∆╢↓≤≢╟╡ ─ ⅜ ╕

╣╢⁹⌂⅔⁸ ≢│⁸3.1.3 ≢ ⇔√ Mo- 99 ⱪ꜡☿☻≢ ↕╣╢ ▪ꜟⱵ

♫ ─╖─ ╩ ⇔≡™╢√╘⁸ ▪ꜟⱵ♫ ─ ≤⌂╢

ⱪ꜡☿☻ⱨ꜡כ ─(311) │ ⇔≡™⌂™⁹↕╠⌐⁸ ─ ⌐ ℮
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⌐≈™≡╙ ≤⇔≡│ ─√╘⁸ ≢│ ⇔≡™⌂™⁹ 

╕√⁸Mo ─◖☻♩ ⌐№√╡⁸◖☻♩ ─ ≤⌂╢Mo- 99

╩ ⇔√⁹ ≢│⁸MoO3Ɑ꜠♇♩╩ ⇔√◌ⱪ☿ꜟ╩56 ⇔√

╙─╩1 ─ ⁸4⇔≥♩♇◕כ♃ ─ PWR╩♩♇◕כ♃ ≢ ⌐7

⇔√ ─Mo- 99─ ╩ ⇔√⁹  

Mo- 99─ │⁸MoO3⅜ ⌐ ↕╣√ ⁸ ↕╣⁸ ╡ ⇔

⌐ ↕╣╢╕≢─ ⌐⅔™≡⁸Mo- 98╩ ≤⇔√ ─ ┘

╩ ⇔≡ ⇔√⁹ ⌐ ─ │⁸ ╡ ⇔ ⁸ ╡ ⇔≡⅛

╠1 ⇔√ 6 ╡ ⇔ 7 ⇔√ 6- day Ci/ ─

⁸ ┘2 ⇔√ 6 ╡ ⇔ 8 ⇔√ 6- day 

Ci/ ─ ≤⇔√⁹↕╠⌐⁸ ╡ ⇔ ⌐Mo- 99─ ⅜10 %

-Mo╠⅛♩♇◕כ♃ 99╩ ∆╢╕≢─ ≤⇔≡ ⇔√ ╙

⇔√⁹  

│☻כ◔ 3 ≤ ∂ↄ⁸3◔⁸⇔≥☻כMo- 98─ │ Mo

┘98% Mo─2 ≤⇔√⁹  

╩ 3.1.4(1) - 2⌐⁸ ┘Mo- 99

╩ 3.1.4(1) - 3 3.1.4(1) - 4⌐ ∆⁹  

  



  

3.1. 4(1) - 3 

 

3.1.4(1) - 1 Mo- 98 ⱪ꜡☿☻ ⱴ☻Ᵽꜝfi☻ ⌐⅔↑╢  

   

 
Mo- 98  511g 

Mo- 99 ⱪ꜡☿☻ 1  
 25kg 

NH3  
 1 mol/L  

3.1.4(2) ⌐ ≠ↄ⁹ 

*1 ╛ Mo ╗ 
 2.4mL/g-▪ꜟⱵ♫*1 

  9.6mL/g-▪ꜟⱵ♫*1 

Mo  96% 3.1.4(2) ⌐ ≠ↄ⁹ 

▪ꜟⱵ♫ Al ─  0.04wt% 2 ⌐ ≠ↄ⁹ 

 7.4  3.1.4(2) ⌐ ≠ↄ⁹ 

HCl  

 11.3 mol/L  
3.1. 4( 2) ⌐ ≠ↄ⁹ 

*2 ⌐ ∆╢  
 0.0066mL/mL*2 

 0.049mL/mL*2 

○ⱨ●☻ᵑ┼─ NH3  0%  

βHCl⌐╟╡ ⇔≡⅔╡⁸ 

○ⱨ●☻ᵑ│ ─╖≤  ○ⱨ●☻ᵑ┼─ HCl  0% 

╤ MoO3─  7wt% 3.1. 4( 2) ⌐ ≠ↄ⁹ 

Mo  97 % 
3.1. 4( 2) ⌐ ≠ↄ⁹ 

β╤ ─ ╗ 

○ⱨ●☻ᵒ┼─ NH3  99%  

βMoO3 ─ ▪fi⸗♬►ⱶ│ 

⌐ ↕╣ ↕╣╢≤  ○ⱨ●☻ᵒ┼─ HCl  99% 

 

 

3.1.4(1) - 2  

  

MoO3  4.7[g/cm3] 

Mo-98  

 

Mo 24.4[atom%]  

Mo 98[atom%]  

%T.D.  97[%] 

◌ⱪ☿ꜟ  SUS304 

 PWR─ ╩  

 

 

 

 

 

 



  

3.1. 4(1) - 4 

 

3.1.4(1) - 3 ┘ Mo  

☻כ◔  ☻כ◔ 1 ☻כ◔ 2 3 

MoO3Ɑ꜠♇♩ [mm]  3.9 4.4 4.4 

MoO3Ɑ꜠♇♩ ↕[mm]  

(◌ⱪ☿ꜟ ─ ↕) 
43.4 45.6 50.0 

MoO3 [g] 517 709 778 

Mo-99

 

╡ ⇔  [Ci]  

[Bq]  

780 

2.9E+13  

1030 

3.8E+13  

1130 

4.2E+13  

╡ ⇔≡⅛╠ 1 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

130 

4.9E+12  

180 

6.5E+12  

190 

7.1E+12  

╡ ⇔≡⅛╠ 2 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

100 

3.8E+12  

140 

5.0E+12  

150 

5.5E+12  

Mo-99

 

( 10% 

╩ ) 

╡ ⇔ [Ci]  

[Bq]  

700 

2.6E+13  

920 

3.4E+13  

1010 

3.7E+13  

╡ ⇔≡⅛╠ 1 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

120 

4.4E+12  

160 

5.8E+12  

170 

6.4E+12  

╡ ⇔≡⅛╠ 2 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

90 

3.4E+12  

120 

4.5E+12  

130 

5.0E+12  

 

  



  

3.1. 4(1) - 5 

 

 

 

3.1.4(1) - 4 ┘ Mo  

☻כ◔  ☻כ◔ 1 ☻כ◔ 2 3 

MoO3Ɑ꜠♇♩ [mm]  3.9 4.4 4.4 

MoO3Ɑ꜠♇♩ ↕[mm]  

(◌ⱪ☿ꜟ ─ ↕) 
43.4 45.6 50.0 

MoO3 [g] 517 709 778 

Mo-99

 

 

╡ ⇔  [Ci]  

[Bq]  

2470 

9.1E+13  

3220 

1.2E+14  

3530 

1.3E+14  

╡ ⇔≡⅛╠ 1 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

420 

(1.6E+13) 

550 

2.0E+13  

600 

2.2E+13  

╡ ⇔≡⅛╠ 2 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

330 

1.2E+13  

430 

1.6E+13  

470 

1.7E+13  

Mo-99

 

( 10% 

╩ ) 

 

╡ ⇔ [Ci]  

[Bq]  

2220 

8.2E+13  

2890 

1.1E+14  

3170 

1.2E+14  

╡ ⇔≡⅛╠ 1 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

380 

1.4E+13  

500 

1.8E+13  

540 

2.0E+13  

╡ ⇔≡⅛╠ 2 ⁸ 

6 [6-day Ci/ ] 

[Bq]  

290 

1.1E+13  

380 

1.4E+13  

420 

1.6E+13  

 



  

3.1. 4(1) - 6 

 

 

 

3.1.4(1) - 1 Mo- 98 ⱪ꜡☿☻ 

 

  



  

3.1.4(2) - 1 

 

( 2 ◖☻♩ JAEA)ₒR4x  

ᵑ ⸗ꜞⱩ♦fi ▪ꜟⱵ♫⅛╠─Mo / ─  

1)  

↓╣╕≢─ ≢│⁸ Mo ⅛╠ ™ ≢MoO3╩ ╠╣╢↓≤╩ ╠⅛

⌐⇔⁸Moꜞ ◘▬◒ꜟ ─ ─ ╕≢ ⇔√⁹⇔⅛⇔⁸ ⌐Mo

⅛╠MoO3╩ ∆╢ ⁸Mo ≢№╢▪ꜟⱵ♫┼─Mo │ ≤│ ╠∏⁸

⌐╟∫≡⁸№╢ ─Ᵽꜝ≈⅝⅜ ∂╢≤ ↕╣╢⁹∕↓≢⁸ ≢│

⌐Mo ↕∑√▪ꜟⱵ♫╩ ⇔⁸ 3 ⌐ ⇔√ ⌐╟∫≡MoO3

≤⇔≡ ╠╣╢Mo ╩ ⇔√⁹ 

 

2)  

a) Mo ╖▪ꜟⱵ♫─  

Mo ╖▪ꜟⱵ♫≤⇔≡⁸ 500 g─▪ꜟⱵ♫╩ ⇔√⁹╕∏⁸500 g─

300 g⌐≈™≡│⁸▪ꜟⱵ♫50 g⌐ ⇔≡⸗ꜞⱩ♦fi ♫♩ꜞ►ⱶ (10 g- Mo/L, 

pH4)╩1 L ⇔⁸30 ↔≤⌐ ⇔⌂⅜╠ ≢3 Mo ↕∑√⁹Mo ⁸

▬○fi 3 L(500 mL×6)≢ ⇔⁸ Ⱶꜟ◐fi◓ ≤⇔≡

200 mL(50 mL×4)⌐ ⇔√ ⁸♦◌fi♥כ◦ꜛfi⌐╟╡ ╩ ⅝ ∫

√⁹ ╡─200 g⌐≈™≡│⁸▪ꜟⱵ♫100 g⌐ ⇔≡⸗ꜞⱩ♦fi ♫♩ꜞ►ⱶ

╩2 L ⇔⁸30 ↔≤⌐ ⇔⌂⅜╠ ≢3  Mo ⁸▬○fi 6 

L(500 mL×12)≢ ⇔√⁹∕─ ⁸ ⌐ Ⱶꜟ◐fi◓ ≤⇔≡

400 mL(100 mL×4)⌐ ⁸♦◌fi♥כ◦ꜛfi⌐╟╡ ╩ ⅝ ∫

√⁹ 

♦◌fi♥כ◦ꜛfi ─▪ꜟⱵ♫│∆═≡ − ╦∑⁸ ─╕╕Mo

⌐ ™√⁹↓─ ⁸ ─Mo ╖▪ꜟⱵ♫│864.6 g≢№∫√⁹  

Mo ╖▪ꜟⱵ♫─Mo≤Na─ ╩ 3.1.4(2) - 1⌐ ∆⁹Mo ╖▪ꜟ

Ⱶ♫─Mo │37 mg- Mo/g≢№∫√⁹ 

 

b) ⸗ꜞⱩ♦fi ⱪ꜡☿☻ 

↓─ ≢│⁸Mo ╖▪ꜟⱵ♫⅛╠Mo╩ ⇔⁸Mo ╩ √ ⁸

╩ ↕∑╢↓≤≢Mo╩ ↕∑╢⁹  

╕∏⁸Mo ╖▪ꜟⱵ♫╩●ꜝ☻ⱦכ◌כ┼ ⇔⁸Mo ╖▪ꜟⱵ

♫⌐ ⇔≡™╢ ╩ ⇔≡⁸1 mol/L▪fi⸗♬▪ 2 L≤⌂╢

╟℮⌐▬○fi ≤25 %▪fi⸗♬▪ ╩ ⇔√⁹↓╣╩90 ϴ≢4

⇔≡⁸Mo╩ ↕∑√⁹ ⁸♦◌fi♥כ◦ꜛfi⌐╟╡ ╖ ╩

⅝ ╡⁸╤ ⇔√⁹ ⌐⁸ ≤⇔≡⁸▬○fi 2 L╩ ⇔⁸

≢30 ⌐ ⇔√ ⁸♦◌fi♥כ◦ꜛfi⌐╟╡ ╖ ╩

⅝ ╡⁸╤ ⇔√⁹↓─ ╩4 ⇔√⁹ │ ∫√▪ꜟⱵ

♫⌐ ⇔≡ ╤ ╩ ⇔√⁹Mo ─ ╖ ≤ ╩ ╦∑≡Mo

≤⇔√⁹Mo ─ │9805 mL≢№∫√⁹Mo ─▪ꜟⱵ♫



  

3.1.4(2) - 2 

 

│105 ϴ⌐ ⇔√ ≢1 ↕∑√⁹  

Mo ─ ╩ 3.1.4(2) - 2⌐⁸Mo ▪ꜟⱵ♫─

┘Mo ╩ 3.1.4(2) - 3⌐ ∆⁹Mo ≤ ─ ⁸Mo │

96.1 %≢№∫√⁹ 

∕─ ⁸ 20 mg- Mo/g─Mo ≤ ⇔√▪ꜟⱵ♫⌐⅔™≡

≢№∫√Mo 13.6  g/L≤⌂╢╟℮⌐Mo ╩ ( 7.37

)⇔√⁹↓─ ⁸ ─▪fi⸗♬▪─ ╛ ─ ⌂≥╩

ⅎ╢√╘⁸35 % ( 11.3 mol/L HCl)╩65 mL ⇔≡ ⇔√ ⌐ ╩

∫√⁹↕╠⌐⁸Mo ⌐╤ ╩ ∫√⁹Mo ─ ─

╩ 3.1.4(2) - 4⌐ ∆⁹  

 

c) ⸗ꜞⱩ♦fi ⱪ꜡☿☻ 

≢│⁸ ⇔√Mo ⅛╠⁸MoO3─ ≤⌂╢⸗ꜞⱩ♦fi ╩ ╢⁹ 

80 ϴ⌐ ⇔√Mo ⌐35 % ( 11.3 mol/L HCl) 65 mL╩ ⁸1

╩ ™⁸⸗ꜞⱩ♦fi ╩ ↕∑√⁹ ⁸ ╤ ╩ ™⁸ ╠╣√

⸗ꜞⱩ♦fi ╩105 ϴ─ ≢1 ↕∑√⁹ 

Mo ≤╤ ─ ┘ ⸗ꜞⱩ♦fi ─ ╩ 3.1.4(2) - 5⌐ ∆⁹

⸗ꜞⱩ♦fi ─ ⁸ │97.3 %≢№∫√⁹ ╠╣√ ⸗ꜞⱩ♦fi ─

╩ 3.1.4(2) - 6⌐ ∆⁹ ⸗ꜞⱩ♦fi ─Na │0.033 wt%≤ ↄ⁸

─ ╩ ⌂ ≢№∫√⁹ 

 

d) ⸗ꜞⱩ♦fi ⱪ꜡☿☻ 

≢ ─ ⌂™ ⸗ꜞⱩ♦fi ⅜ ╠╣√⅜⁸ 3

⇔√ ⌐ ™⁸ ≢│ ⸗ꜞⱩ♦fi ⌐ ∆╢ ╩ ∆

╢⁹ 

⸗ꜞⱩ♦fi ⌐▬○fi 300 mL≤▪fi⸗♬▪ 24 mL╩ ⇔≡ ⇔√⁹

⁸80 ϴ⌐ ⇔≡35 % ( 11.3 mol/L HCl) 35 mL╩ ⇔⁸1 ╩

℮↓≤≢⸗ꜞⱩ♦fi ╩ ↕∑√⁹ ⁸ ╤ ╩ ™⁸ ╠╣√

⸗ꜞⱩ♦fi ╩105 ϴ⌐ ⇔√ ≢1 ↕∑√⁹ 

╤ ─ ┘ ⸗ꜞⱩ♦fi ─ ╩ 3.1.4(2) - 7⌐ ∆⁹Mo

│99.5 %≤ ™ ⅜ ╠╣√⁹ ╠╣√ ⸗ꜞⱩ♦fi ─ ╩

3.1.4(2) - 8⌐ ∆⁹ ╠╣√ ⸗ꜞⱩ♦fi ─ │⁸Al <0.001  %⁸

Na 0.001 %≤ ╘≡ ≢№∫√⁹ 

 

e) ⸗ꜞⱩ♦fi ⱪ꜡☿☻ 

≤⇔≡⁸ ╠╣√ ⸗ꜞⱩ♦fi ╩ ⇔≡ ⸗ꜞⱩ♦fi≤∆╢⁹ 

╕∏⁸ ⸗ꜞⱩ♦fi ╩ ⌐ ∑⁸ ⌐ ⇔√⁹ 470 ϴ⁸

2 ⁸ 3 ─ ≢ ↕∑√ ⁸ ⸗ꜞⱩ♦fi22.80 g╩

⇔√⁹ 



  

3.1.4(2) - 3 

 

╠╣√ ⸗ꜞⱩ♦fi─ ╩ 3.1.4(2) - 9⌐ ∆⁹ │╒╓ ╕

╣≡™⌂⅛∫√⁹╕√⁸ ⸗ꜞⱩ♦fi ⱪ꜡☿☻≢─Mo │⁸ ™꜡

☻⌂≥╩ ⇔≡99.9 %≤⇔√⁹ 

 

3) ╕≤╘ 

─ ⱪ꜡☿☻⌐⅔↑╢⁸ ─Mo ┘ ╩ 3.1.4(2) - 10⌐

∆⁹ 

3 ⇔√4≈─ⱪ꜡☿☻⅛╠⌂╢Mo ─ │92.9 %≤⌂

╡⁸ ⇔√MoO3 ─ ╙ ╘≡ ™ ≢№∫√⁹↓─ ⅛╠⁸ 3

⇔√20 mg- Mo/g─Mo ⅛╠ ⇔√Mo 37 mg- Mo/g─Mo ─

─▪ꜟⱵ♫≢№╣┌⁸ 3 ⇔√Moꜞ ◘▬◒ꜟ ⌐╟╡⁸Mo

90 % ⅛≈ ╘≡ ─MoO3 ╩ ⌂ ⇔⅜ ╠╣√⁹ 

 

ᵒ Tc- 99m ┼─  

⁸Mo- 99⅛╠Tc- 99m╩ ∆╢ ≤⇔≡⁸ ≢ ⇔√◒꜡ⱴ♩◓ꜝⱨ

כ▫ ─ ⁸ ⌐⅔™≡│ (1) ┘ (2)⅜ ↕╣≡™╢⁹

⅛╠ ∆╢Mo╩ ╗ ─ ( )╩ 3.1.4(2) - 11⌐ ∆⁹↓↓≢⁸◒꜡

ⱴ♩◓ꜝⱨ▫כ ⌐≈™≡│⁸ 3 ─ ╩ ⌐Moꜞ ◘▬◒ꜟ ╩

⇔≡™╢↓≤⅛╠⁸ 3 ─ Mo ⌐╟╢ ╩ ⇔≡™╢⁹ ⌐ ∆

≤⅔╡⁸ ┘ ⅛╠ ∆╢⸗ꜞⱩ♦fi ♫♩ꜞ►ⱶ ─Mo

│◒꜡ⱴ♩◓ꜝⱨ▫כ ⅛╠ ╠╣╢Mo ╟╡╙ ╘≡ ™√╘⁸ ∆╢↓

≤≢Mo ╩ ∆╢↓≤⅜ ≢№╢⁹╕√⁸ ─⸗ꜞⱩ♦fi ♫♩ꜞ►

ⱶ ⌐ ≤⇔≡ ╕╣╢MEK│⁸Mo ⌐ ⅝ↄ ⇔⌂™↓≤⅜ ↕

╣≡⅔╡(1)⁸⌂⅔⅛≈ ⌐╟∫≡MEK─ │╟╡ ↕ↄ⌂╢≤ ≢⅝╢⁹

⇔√⅜∫≡⁸ ≢ ⇔√Mo ⱪ꜡☿☻│⁸∕─ ─Tc- 99m ⌐ ⇔≡

╙ ⌂ ⇔╩ ≡™╢⁹ 

 

ᵓ Mo ⌐ ≠ↄ◖☻♩  

≢ ⇔√Mo- 99/Tc- 99m ⱨ꜡כ⌐ ≠⅝⁸Mo ⌐ ╢ ╩

∫√⁹Mo- 99/Tc- 99m ⱨ꜡כ( )╩ 3.1.4(2) - 1⌐ ∆⁹ ◖☻♩ ⌐№√

∫≡│⁸ 3.1.4(2) - 1⌐ ∆₈ ≢ ⇔√ ₉⁸₈ ⁸ ⌐ ⅜ ⌂

₉⌐⅔↑╢ ╩ ⇔⁸ ─Tc- 99m─ ♥◒Ⱡ◦fi♅  (285 /10 

MBq)─ ╩ (3)≤─ ╩ ℮↓≤≢ ⇔√⁹Mo- 99 ─ ◖☻♩─

⌐ ╢ ⌂ ╩ ⌐ ∆⁹ 

 

♩♇◕כ♃ ה ⌐ ╕╣╢ ─ │⁸Mo- 98 98 %⁸Mo │90 %≤

∆╢⁹Mo- 99 │⁸30 ≤⇔≡⁸ ≤⌂╢ Mo- 98 ╩ ∆╢⁹ 

─♩♇◕כ♃─≢PWR ה ╩7 ⁸ │4 ─◌ⱪ☿ꜟ╩ ™⁸ ⇔⁸

1 ⌐ ∆╢Mo- 99 ╩ ™╢⁹ 



  

3.1.4(2) - 4 

 

-⁸Mo ה 99 ╩ ⇔⁸ ⱷכ◌⅜Mo- 99 ╩ ↑ ╢╕≢─ ╩3

⁸5 ⁸7 ≤⇔≡⁸Tc- 99m ╩ ∆╢√╘⌐ ⌂Mo- 99 ─ ◖

☻♩╩ ⇔⁸ ─Tc- 99m ─ ⌐ ╘╢ ≤⇔≡ ∆╢⁹ 

-Mo ה 99 ─ │30 ⁸ │15 ─ ╩ ⇔⁸↓╣╠

─ ה ─ │ ∆╢⁹  

─≢PWR ה ⌂≥─ ≢ ⅜ ⌂╙─⌐≈™≡│⁸ ─ ≤∆

╢⁹⌂⅔⁸Mo- 99 ⅛╠Tc- 99m ╩ ה ∆╢ ⌐≈™≡│⁸Tc- 99m

ה ⅜ ↕╣≡™⌂™↓≤⅛╠ ⇔⌂™⁹ 

-Mo ה 98 ≤ Mo ≤─ │⁸Mo ─√╘─ ה ─ ⌐ ╢

⁸Mo ♩♇◕כ♃⁸ ╩ ⇔√ ≤∆╢⁹⌂⅔⁸ Mo ╩

∆╢ ⁸Mo │ ⇔⌂™⁹ 

 

ⱷכ◌⅜Mo- 99 ─ ╡ ╩ ⇔√Tc- 99m ╩ ∆╢╕≢─ ⌐

╘╢Mo- 99 ─ ◖☻♩─ ╩ 3.1.4(2) - 2⌐ ∆⁹↓─ ⁸ Mo- 98

│ ≢№╢⅜⁸ ⌐ ⇔⁸ ⇔√ Mo- 98 ╩ꜞ◘▬◒ꜟ∆╢↓≤⌐

╟╡⁸Mo- 99 ─ ◖☻♩─ │⁸ Mo ─ ≤ ⇔≡⁸ ≢⅝╢↓

≤⅜ ⅛∫√⁹╕√⁸ ≢─ ⌐╟╢Mo- 99 ─ ╩ ≤∆╢↓≤⌐╟╡⁸

ⱷכ◌┼─ ╡ ─ ╙ ╕╣⁸Mo- 99 ─ ◖☻♩─ ╘╢ ╙

ⅎ╠╣╢ ╩ ⇔√⁹ 

 

  

(1) ≈ↄ┌ ⱪ꜡☺▼◒♩ 6 ⱷfiⱣ₈,כ (♥◒Ⱡ♅►ⱶ )─

⌐ ╢ ─ 1 2 (2014 2020 ) ₉, JAEA- Rev. 

2021- 016, 2021, 102p.  

(2) K. Tatenuma, et al., A Mass - Production Process of a Highly Pure Medical Use 

99mTc from Natural Isotopic Mo(n, ɘ)99Mo without Using Uranium, RADIOISOTOPES, 

vol.63, no.11, 2014, pp.501 - 513 

(3) ⅔╟┘ ─⅔ ╠∑, ⱷ☺ⱨ▫☺♇◒☻ 2020 3

https://www.nmp.co.jp/sites/default/files/member/news/pdf/2020_03_05_1.pdf  

 

  



  

3.1.4(2) - 5 

 

 

 

3.1.4(2) - 1 Mo ╖▪ꜟⱵ♫─ ─  

 
Mo 

( wt%) 

Na 

( wt%) 

Mo ╖▪ꜟⱵ♫ 

(500g) 
3.754 0.324 

 

 

 

 

3.1.4(2) - 2 ⁸ ─  

 
 

(mL) 
pH 

Mo 

(g/L)  

Al  

(mg/L) 

Na 

(mg/L) 

Mo  9.805 9.83 1.84 0.74 139 

 

 

 

3.1.4(2) - 3 Mo ▪ꜟⱵ♫ ┘Mo  

 
Wet 

(g)  

Dry 

(g)  

 

(wt%) 

Mo 

(wt%) 

Na 

(wt%) 

Mo ▪ꜟⱵ♫ 646.40 487.65 24.56 0.15 0.053 

Mo (%)    96.1  

 

 

 

3.1.4(2) - 4 ─ ─  

 
 

(mL) 
pH 

Mo 

(g/L)  

Al  

(mg/L) 

Na 

(mg/L) 

 9805 9.83 1.84 0.74 139 

 1330 5.98 13.5 4.1 988 

 

  



  

3.1.4(2) - 6 

 

 

 

3.1.4(2) - 5 ⸗ꜞⱩ♦fi ╤ ┘ ⸗ꜞⱩ♦fi  

 
 

(mL) 
pH 

Mo 

(g/L)  

Al  

(mg/L) 

Na 

(mg/L) 

NH3 

(g/L)  

Mo  1330 5.98 13.5 4.1 988 ԇ26.6 

╤  1380 0.44 0.346 4.0   

⸗ꜞⱩ♦fi

(%) 
   97.3   

 

 

 

 

3.1.4(2) - 6 ⸗ꜞⱩ♦fi  

 
Wet 

(g)  

Dry 

(g)  

 

(wt%) 

Al  

(wt%) 

Na 

(wt%) 

⸗ꜞⱩ♦fi  28.96 26.89 7.15 <0.001 0.033 

 

 

 

 

3.1.4(2) - 7 ⸗ꜞⱩ♦fi ╤ ┘ ⸗ꜞⱩ♦fi  

 
 

(mL) 
pH 

Mo 

(g/L)  

Al  

(mg/L) 

╤  335 0.55 0.277 <0.1 

⸗ꜞⱩ♦fi

(%) 
  99.5  

 

 

 

 

3.1.4(2) - 8 ⸗ꜞⱩ♦fi  

 
Wet 

( g) 

Dry  

( g) 

 

(wt%) 

Al  

(wt%) 

Na 

(wt%) 

⸗ꜞⱩ♦fi  26.96 25.41 5.75 <0.001 0.001 



  

3.1.4(2) - 7 

 

 

 

 

 

3.1.4(2) - 9 ⸗ꜞⱩ♦fi  

 
 

(g)  

Al  

(wt%) 

Na 

(wt%) 

⸗ꜞⱩ♦fi 22.80 <0.001 0.001 

 

 

 

 

 

3.1.4(2) - 10 ─Mo ┘  

 Mo (%) 

⸗ꜞⱩ♦fi  96.1 

⸗ꜞⱩ♦fi  97.3 

⸗ꜞⱩ♦fi  99.5 

⸗ꜞⱩ♦fi  99.9 

 92.9 

 

  



  

3.1.4(2) - 8 

 

 

 

 

3.1.4(2) - 11 99mTc ⅛╠ ∆╢98Mo╩ ╗ ─ ( )  

99mTc  98Mo  

Mo (Mo )  

pH 
 

(L)  

Mo  

(g/L)  
 

◒꜡ⱴ♩ 

◓ꜝⱨ▫כ  

⸗ꜞⱩ♦fi  

▪ꜟⱵ♫ 
10.1 737.4 0.998 

Al: 2.34mg/L 

NH4: 3.60g/L  

Na: 0.175g/L 

Cl: 0.266g/L 

 
⸗ꜞⱩ♦fi  

♫♩ꜞ►ⱶ  
 0.620 215 

Na: 110g/L 

MEK:2mL 

 
⸗ꜞⱩ♦fi  

♫♩ꜞ►ⱶ  
 1.0 195.6 Na: 93.7g/L  

 

 

 

  



  

3.1.4(2) - 9 

 

 

 

3.1.4(2) - 1 PWR⌐⅔↑╢Mo- 99/Tc- 99m ─ ⱨ꜡כ( )  

 

 

 

3.1.4(2) - 2 ⌐ ╘╢Mo- 99 ─ ◖☻♩  

(♥◒Ⱡ◦fi♅  (285 /10MBq)─ ╩ )  



  

3. 1.5- 1 

 

3.1.5 ─ⱶכ◐☻ ( MHI)  ₒR2,R4x  

2 ⌐│⁸ ╕≢ ⅛╠─ Mo ⌐╟╡ ⅛╠─ ⅜ ↕╣≡

™√≤↓╤⁸ ≢─ ⌐ ⇔≡│ ה ╩ ╗ ╩ ⇔⁸ ⱷכ◌

⅛╠ ╩ ↑⁸ ─♩♇◕כ♃ ⁸ ⁸ ⁸Tc ─ Mo ─ⱦ☺Ⱡ☻╩

╡╕≤╘⁸ ╩ ∆╢ ╩ⱶכ◐☻ ⇔√⁹ 

 

ₒR4x  

2 ─ ⌐ ⅝ ⅝⁸Mo- 99 ⱪ꜡☿☻─ ⌐№√╡⁸ ╛

─ ┼ ∆╢ ╩ ╕ⅎ√⁸ ⌐ ≠™√ ╡ ™ ⌐≈™≡ ⇔⁸

─ⱶכ◐☻ ⇔ ┘ ╩ ⇔√⁹ 

1 ⌐ ≠™√ ╡ ™ ─ ┘  

Mo- 99 ⱪ꜡☿☻─ ⌐№√╡⁸ ╛ ─ ┼ ∆╢

╩ ╕ⅎ√⁸ ⌐ ≠™√ ╡ ™ ⌐≈™≡ ┘ ╩ ∫√⁹ 

╩ Mo- 99 ⱪ꜡☿☻⌐ ™╢↓≤╩ ⇔⁸ ─ 4 ⌐≈™≡ ╩

⇔√⁹ 

ₒ ≤⇔√ ₓ 

ü  

ü  

ü ⁸ ┘ ─ ⌐ ∆╢ ⁸₈ ₉≤

∆  

ü ─ ⌐ ∆╢ ⁸₈RI ₉≤ ∆  

 

⁸↓╣╠─ ⅜ ∆╢ ⌐≈™≡ ∆╢⁹ 

ₒ ₓ 

│ ≤⇔≡ ─ ╩ ⇔√╙─≢№╡⁸ ╩ ╘

≡™╢⁹ ∆╢ RI │⁸ ≢№╢↓≤⅛╠⁸ ⌐ ⇔√╙

─≢№╢≤ ⅎ╠╣⁸ ─ ⅛╠ ╣≡™⌂™⁹↓─√╘⁸

⌐≈™≡│⁸ ⌂≥─ ─ │ ⌂™≤ ⅎ╠╣╢⁹ 

 

ₒ ₓ 

│⁸ ⌐ ╩ ∆╢√╘⌐ ⌐ ╘╠╣╢ ╩ ╘√

╙─≢№╢⅜⁸RI │↓╣⌐ ⇔⌂™≤ ⅎ╠╣╢⁹↓─√╘⁸ ⌐

≈™≡│⁸ ⌂≥─ ─ │ ⌂™≤ ⅎ╠╣╢⁹ 

 

ₒ ₓ 

≢│⁸ ─ ⌐≈™≡ ⅜№╡⁸ ╩ ≤⇔√ ≤∆╢

⁸ ╩ ≤∆╢ ⌐ ⇔≡™╢⁹∆⌂╦∟⁸ │ RI ⌐

™√≤⇔≡╙⁸ ≤│⌂╠⌂™⁹↓╣⌐ ⇔ │⁸ ╩ ≤∆

╢↓≤│ ╘╠╣≡™╢⅜⁸∕╣ ─ ⌐ ∆╢↓≤│ ↕╣≡⅔╠∏⁸



  

3. 1.5- 2 

 

⌐│ RI ╙ ≤ ⅎ╠╣╢⁹ 

↓↓≢⁸ ─∕╙∕╙─ │⁸ₐ ╩ ≢ ⌐ ∆╢√╘

─ ╩ ∆╢╙─ₑ≤ ⅎ╠╣╢⁹∆⌂╦∟⁸ ─ ─ ≢

╩ ™√ RI ╩ ℮⌐│⁸ ─ ⌐ ╠⇔≡ ⌂™≤∆╢

─ ⅜ ≤ ⅎ╠╣╢⁹ 

↓╣⌐│⁸ ─ ⌐⅔™≡⁸ ─ ╩ ╘⁸№╦∑≡

⌂ ⌂≥╩⁸ ∆╢ ≢ ╘╢ ⅜№╢≤ ⅎ╠╣╢⁹ 

RIה ╩ ℮√╘⌐ ∆╢  

─╠╣↓ה ⅜ √∆═⅝  

╠╣↓ה ─ ⌐╟╡ ─ ⅜ ⇔⌂™↓≤ 

⅜⁸ ⅜ ⌐ ╘╢ ╩ √∆ ≢№╢↓≤  

ה ─ ⌐ ╩ ⅎ⌂™⌂≥⁸ ─ ⌐ ╩ ⅎ⌂™

↓≤ 

 

ₒRI ₓ 

RI │⁸RI ─ ⌐≈™≡ ╩ ╘≡™╢⅜⁸ ⌐╟╢ ╩

⌐ ™√ │⅔⅛╣≡™⌂™⁹↓╣│⁸ ≢│ ⌐╟╢ RI ⅜ ╦╣

≡™⌂™⅛╠ ⇔≡™⌂™╙─≢№╡⁸ ⌐╟╢ RI ╩ ⇔≡™╢≤

│ ⅎ╠╣⌂™ ⌐╟╢ RI ╩ ⇔√ │ ⅜⌂™ ⁹ 

↓↓⅛╠⁸RI ⌐≈™≡╙ ≤ ⌐⁸ ⌐╟╢ RI ⌐╟╡ √⌐

∂╢ꜞ☻◒ ─ ┌ↄꜞ☻◒ ⁸≤∕─ ⁸ ⌂≥⁸

╩ ™≡ RI ╩∆╢ ⌐ √∆═⅝ ⅜ ⌐≡ ╘╢ ⅜

№╢≤ ⅎ╠╣╢⁹ 

 

ₒ ₓ 

⌐╟╢ RI │⁸ ─ ╘╢ ⅛╠ ∆╢╙─≢│⌂ↄ⁸

─ ╙ ≢ RI ╩ ℮↓≤╩ ⇔≡™⌂™≤ ⅎ╠╣╢⁹⇔⅛

⇔⁸↓╣│ ⌐╟╢ RI ╩ ⅜ ⇔≡™⌂™↓≤⅜ ≤ ⅎ╠╣

╢√╘⁸ ┘⁸RI ─ ⌐⅔™≡⁸ ⌐╟╡ RI ╩ ℮√╘

⌐ √∆═⅝ ╩ ╘╢ ⅜№╢≤ ⅎ╠╣╢⁹ 

 

2  ⱶכ◐☻

2 ─ ⌐ ⅝ ⅝⁸ ╩ ≤⇔√ ≡™≈⌐ⱶכ◐☻ ⇔√⁹ 

≢│ ╛ ⌐ ∂≡ PWR≢─ Moה ╩ ≡╢≤≤╙

⌐⁸ ─ ╩♩♇◕כ♃ Mo ⱷכ◌⌐ ∆╢⁹ 

Mo ⱷ⁸│≢◌כ ─ MoⱭ꜠♇♩╩ ⇔⁸ ♩♇◕כ♃ ┼

∆╢⁹∕─ ⁸ ╩ ⌂ ╡ ∆╢↓≤≢⁸∕─ ─ ─

╩ ⅎ╢⁹ │⁸Mo ⱷכ◌⅛╠ ⇔√ Mo╩ ⇔⁸MoⱭ꜠♇♩ ה

♩♇◕כ♃ ⇔⁸PWR⌐ ⇔⁸PWR ╩ ⇔≡ ╩ ℮⁹↓─ ⁸



  

3. 1.5- 3 

 

│⁸ RI ─ ╩ ∆╢⁹ 

╕√ ─ Mo╩ ⌐ ⇔ ─ ⱪ꜡☿☻╩ ≡ ⱷכ◌⌐

Mo╩ ∆╢⁹ Mo ╩ ⱷכ◌⅛╠ ∆╢⌐ √∫≡╙ ⅜

ה ⇔⁸MoO3 ╩ ⇔ ♩♇◕כ♃ ⌐ ∆╢ 3.1.5 - 1 ⁹ 

─ ⱶ≢│⁸כ◐☻ ⅛╠─ ≤ ⌐⁸ ─ ⅛╠ ┼

∆╢╕≢⌐ 6 ⅛⅛╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔⌂⅜╠⁸ ─ⱷꜞ♇♩≢

№╢ ╩ ∆╢↓≤⅜ ⌂√╘⁸╟╡ ≢╟╡ ↄ─ ╩ ∆╢

↓≤⅜ ≤⌂╢≤ ⅎ╠╣╢⁹ 

╕√⁸◖☻♩ ─√╘⌐⁸ ⌐⅔™≡│⁸ ─♩♇◕כ♃ ⅛╠─ │⁸

╩ ⇔≡™╢⅜⁸↓─ ╩ ∆╢↓≤⌐╟╡⁸↕╠⌂╢

╙ ≤⌂╢≤ ⅎ╠╣╢⁹ 

↓╣╠─↓≤╩ ↑⁸ ╩ⱶכ◐☻ ∆╢√╘⌐│⁸ ─ ╩ √

≢⁸╟╡ ╩ ╘≡™ↄ↓≤⅜ ≢№╢⁹



  

3.1. 5- 4 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. 1. 5- ⱶכ◐☻ 1  

Mo  

Mo ⱷכ◌ 

  
MoⱭ꜠♇♩
ה כ♃

◕♇♩  

PWR 

  
  

 
ⱷכ◌ 

 

▪▬♁♩
ⱪכ  

♩♇◕כ♃
 

Mo  

 

  

Tc   

 

  

Tc Mo  

Mo  

  

/  



  

 3.2- 1  

 

3.2 ≢─ Ac- 225   

 3.2.1 ♩♇◕כ♃ ≤ Ɽ☻─ ₒR2x  

( PWR) ≢Ac- 225╩ ∆╢√╘─⁸ ♩♇◕כ♃ ≤∕─

Ɽ☻⌐≈™≡ ⇔⁸ ⌂Ac- 225 ╩ ⇔√⁹ ♩♇◕כ♃ ≤⇔≡

Ra- 226≤Th- 230─2 ╩ ⇔⁸ ⌐⅔™≡│⁸ 3.2.3 - 1⁸ 3.2.3 - 2⌐ ∆Ra-

226(3n,2ɗ)⁸Th- 230(3n,ɖ2ɗ)─ Ɽ☻⅜ ≢№╢↓≤╩ ╠⅛⌐⇔√⁹ 

 

 3.2.2 ╛ ─ ₒR3x  

╛ ☻Ɑ◒♩ꜟ─ ™⌐╟╢Ac- 225 ╩ ™⁸ ─ ™

Ac- 225╩ ⌐ ∆╢√╘─ ╛ ─ ╩ ∫√⁹

Ⱨfi♩♇◕כ♃⁸≡⇔≥ ─ ⁸ Ⱨfi 8 ⌐╟╢ ─

╩ ⇔√ ⁸Ac- ⌐fiכ▼♅ 225 ∆╢ ─ n,ɘ ─ ⁸

┘ ─ ⌐╟╡⁸Ac- 225 ⅜ ↕╣╢↓≤╩ ⇔√⁹ 

 

3.2.3 ה  ┼─ ₒR4x  

2 ⁸ 3 ≢ √ ╩ ⌐⁸ 4 │⁸ ╙⇔ↄ│ כ♃─

◕♇♩ ─ ┼─ ╩♩♇◕כ♃⁸ ⇔√

─ ♩♇◕כ♃⁸ Ra- 226⁸Th- 230⁸Th- 232 ─ ⌐ ℮ ╛

╩ ♩♇◕כ♃√⇔ ⁸ ╛ (♪♇ⱪꜝכ ⁸Ⱳ▬♪ )

─ ╩ ∆╢↓≤⌐╟╡⁸ ╛ ─ ⅛╠PWR⌐⅔↑╢Ac- 225

─ ╩ ⇔√⁹ 

( ה (1  

─ ⌐│⁸ ◄Ⱡꜟ◑כ⸗fi♥◌ꜟ꜡◖כ♪ MVP- 3.0 [ 1] ┘∕─

-MVP╢№≢ꜟכꜙ☺⸗ BURN[ 1]╩ ™⁸ 3411 MWt ─ PWR[ 2] ╩

⇔√⁹ ╩ 3.2.3 - 1 ⌐ ∆⁹17×17 ─ ⁸ /

│Ⱨfi ≢⸗♦ꜟ ⇔√ 3.2. 3- 3 ⁹1◘▬◒ꜟ╩ 390 ⁸ ╩ 90

≤⇔⁸193 ─ ╩ 3Ᵽ♇♅≢ ∆╢ ─ Ɽ♃כfi 3.2.3 -

4 ╩ ⇔√⁹ │ 4.1 wt%─ UO2 ≤ 8 wt% [ 3]─ Gd ─ 2

≤⇔⁸∕╣∙╣─Ᵽ♇♅⌐⅔↑╢ ─ │⁸1 ─

⅛╠ ╘√ ╩ ⇔√⁹Gd ─ Ⱨfi ╩ 3.2. 3- 5⌐ ∆⁹◔

Ⱶ◌ꜟ◦ⱶ ⌐≈™≡│⁸ⱱ► ╩ 300 1200 ppm─ ≢ ⌐ ∂≡

⇔√⁹ 

─♩♇◕כ♃ ≤⇔≡│⁸ 3 ╕≢≤ ⌂ᵑRa- 226/Th- 230 כ◔

☻⌐ ⅎ⁸Th- 230⌐ Th- 232⅜ ∆╢ᵒTh- 232 ─☻כ◔ 2 ╡╩ ⇔√⁹

►ꜝfi 3 ton ⌐│ Ra- 226⅜⅔╟∕ 1 g⁸Th- 230⅜⅔╟∕ 50 g ∆╢⁹↓↓≢ Th-

230 │►ꜝfi ─ ≢№╢⅜⁸ ⁸►ꜝfi │ ∏ ⅛─♩ꜞ►ⱶ

(Th- 232)╩ ∆╢√╘⁸ ⌂ Th- 230 ╩ ╢⌐│ Th- 232≤ Th- 230─

⅜ ≤⌂╢⁹∕↓≢ ≢│⁸ ─ ⌐ ⇔⁸Th- 230 ⌐ ⇔≡

600 ─ Th- 232⅜ ∆╢ᵒTh- 232 ╩☻כ◔ ⇔√⁹Ac- 225─ ⌐│



  

 3.2- 2  

 

≢⅝╢∞↑ Th- 232 ⅜ ⌂™ Th- 230 ─ ™ ─♩ꜞ►ⱶ ╩ ™╢ ⅜ ╕

⇔™↓≤⅛╠⁸U Th ⅜ 100:1 ─ ꜞfi ( Florida Ή8b) [ 4]╩ ⇔√⁹↓

─ꜞfi ─ 3 ton ─►ꜝfi ⌐│ 50 g─ Th- 230≤ 30 kg─ Th- 232⅜ ╕╣╢

√╘⁸ Th- 230/ Th- 232│ 50/30,000=1/600╩ ⇔√⁹ 

PWR ⌐⅔™≡⁸ ⌐ ⇔⌂™ │⁸ ─ ╩ ╠∆

√╘⁸ⱪꜝ◑fi◓♦Ᵽ▬☻ 3.2.3 - 6 ⅜ ↕╣ ↕╣≡™╢⁹∕↓≢⁸↓─ⱪ

⌐Ⱨfi♩♇◕כ♃╩◓ꜝ ⅝ ⅎ ∆╢ ╩ ⇔√⁹ 

 

( 2) ♩♇◕כ♃  /  

ᵑ Ra- 226/Th- 230  ☻כ◔

3 ─ │Ⱨfi♩♇◕כ♃⁸╠⅛ ⇔⁸ ∆╢↓≤≢ Th- 229

⅜ ∆╢ ⅜ ↕╣≡™╢⁹ ⅎ≡⁸ Ⱨfi│ ⌐╙ ≢№╢↓≤

⅛╠ Ra- 226⁸Th- ♩♇◕כ♃╙╣∏™230 │ 0.1 cm≤ ⇔√⁹ │∕╣∙

╣ 1 g⁸50 g≤ ≢№╢√╘⁸1 ╩♩♇◕כ♃≢ ∆╢ │ ⌐╙

⇔ 4◌ 3.2.3 - 7 ⁸↓─ ╩ ⌐ 4◌ 3.2.3 - 8 ─ 16

⌐ ⌐ ─♩♇◕כ♃⁸╡╟⌐╣↓⁹√⇔≥≥↓╢∆ ↕│ Ra- 226⁸Th- 230 ∕

╣∙╣ 0.53 cm⁸11.31 cm≤⌂╡⁸↓╣╩ ↕ ⌐ ∆╢↓≤╩ ⇔√⁹ 

 

ᵒ Th- 232  ☻כ◔

Th- 232 -⁸Th│≢☻כ◔ 230─ 600 ─ Th- 232╩ ♩♇◕כ♃™ ⅜ ∆╢

√╘⁸╟╡ ↄ─ ╛ ┼─ ⅜ ≤⌂╢⁹↕╠⌐ ─ Th- 232

⅜ ↕╣╢↓≤≤⌂╢√╘⁸ ⌐╟∫≡ ≢№╢ U- 233 ⅜

─Ⱨfi♩♇◕כ♃⁸╣↕ ⅜ ⇔ ⅜ ⌂╦╣╢ ⅜№╢⁹∕↓≢⁸

┼ ─Ⱨfi♩♇◕כ♃╢∆ ╩ ╘╢√╘─ ╩ ⇔√⁹ 

 

1). Ⱨfi♩♇◕כ♃╢╟⌐  ─  

⌐≤╙⌂™ Ⱨfi♩♇◕כ♃╢∆ ╩ ⇔⁸ ┼─

╩ ♩♇◕כ♃╢∆⌐ ╩ ⇔√⁹ ─ ⌐№√∫≡│⁸ч)♃כ

◕♇♩ ⁸ш) ─Ⱨfi♩♇◕כ♃≥ ─

─ ⁸щ) ─ 3≈╩ ♩♇◕כ♃⁸≡⇔≥

≤ ↕⁸ ╩ ⇔√⁹ 

 

a) ה  

⌐ Ⱨfi♩♇◕כ♃√╣↕ 1 ╩ ≤⇔⁸

│ ≤⇔√⁹ ≤ ╩∕╣∙╣ 3.2. 3- 9⁸ 3.2. 3- 2⌐ ∆⁹ 

♩♇◕כ♃ │⁸ ⌐╟╢ Th- 239 ╛ ─ ⅛

╠│ ⅜ ╕⇔™ ⁸ ⌂ ─ Th♃כ◕♇♩╩ ∆╢ ╙№╢√╘⁸

0.2 cm≤ 0.3  cm─ ╩☻כ◔2 ♩♇◕כ♃⁹√⇔ ↕│ ↕ 3.6 m╩

≤⇔≡ 0.5 3.5 m─ ≢ ╩ ∫√⁹ ─



  

 3.2- 3  

 

│⁸ ─ ─ ╛ ⌐╟╡ ∆╢↓≤╩ ⇔⁸

4.5 m/s╩ ≤⇔≡ 0 4.5 m/s─ ≢ ⇔√⁹ 

─♩♇◕כ♃ │ ⌐ ∆╢≤≤╙⌐⁸ ⌐╟╡ ∆

╢√╘⁸ ⅛≈ ≢ ♩♇◕כ♃ 0.2 cm─

4.4 kW/m⁸ 0.3 cm─ 8.8 kW/m ⅛╠ ╩ ⇔√⁹↓↓≢

Ⱨכ◐fi◓ │ 1.5⁸ ⌐≤╙⌂℮ ─ │

ORIGEN2(Version2.2)♪כ◖ ╟╡ ⇔√⁹↓─ ⁸1 │ ⁸MVP-

3.0 ⌐╟∫≡ ╘√ ╩ ⇔√ ╩ ™√⁹ ⌐│

≤ ─ 2 ─ ╩ ™ ↑≡⅔╡⁸ ⇔√

╩ 3.2.3 - 3⌐ ∆⁹ 

─ ⌐│ ╩ ∆╢⅜⁸ │

⌐ ⇔⁸ │ ⌐ ╩ ≈⁹ ≢│ ⌐

─ ╩ ∆╢↓≤≢ ╩ ⇔√⁹ 

─♩♇◕כ♃⁸│ ╩ ∑∏⁸ ⅛╠

⇔√⁹ 

 

ч)♃כ◕♇♩  

♩♇◕כ♃   ⌐│⁸ ♁ꜟⱣ FlexPDE╩ ™≡

♩♇◕כ♃╡╟ ─ 2 ╩ ♩♇◕כ♃⁹√⇔ ⌐│

⁸ ⌐│ ╩ ™╢↓≤≢ ╟╡ ⇔™

≢ ╩ ⇔√⁹ ⌐ ⇔√ ╩ 3.2.3 - 4 ⌐ כ♃⁹∆

◕♇♩(ThO2) ┘ (☺ꜟ◌꜡▬- 4)─ │ T[K]╩ ≤∆╢

╩ Ⱨfi─◑ꜗ♇ⱪ♩♇◕כ♃⁸™ (He)─ │ ┘ ─ 2

⌐╟∫≡ ∆╢√╘ ≤⇔√⁹ 

 ─ ⌐│ ≢ ─ ⌐ ≢⅝⁸ ─

h│ 3.2. 3- 1 [6 ]╟╡ ╘√⁹ 

 

È .Õ  (3.2.3 - 1) 

 

k:  

De:  

Nu:♯☿ꜟ♩  

 

 ╕√⁸♯☿ꜟ♩ Nu│ Dittus - Boelter ─ (3.2. 3- 2) [6]╟╡ ⇔√⁹ 

 

.Õ πȢπςσ2ÅȢ0ÒȢ 3.2.3 - 2  

 

Re:꜠ ▬ⱡꜟ☼  



  

 3.2- 4  

 

Pr:ⱪꜝfi♪ꜟ  

 

─ ♩♇◕כ♃⁸ 0.2 cm⁸0.3 cm─ ╩ 3.2.3 - 10⁸ 3.2.3 -

11⌐ ∆⁹ 0.5 4.5 m/s─ ♩♇◕כ♃⁸│≢ │ Ⱨfi

(1800 ϴ) [5]╩ 1200 900 ϴ─ ╩╙∫≡ ╡⁸ ⌐ ≢

№╢≤™℮↓≤⅜ ⅛∫√⁹ 

 

ш) ♩♇◕כ♃- ─  

≥♩♇◕כ♃ ≤─ ─ ⌐ ∂╢ │⁸

♩♇◕כ♃≥ ⁸ ↕⌐ ♩♇◕כ♃─↓⁹╢∆ ─ ⅜

≤ ⌐⌂╢ ♩♇◕כ♃≥ ╩ ⇔√⁹ ⌐│

♩♇◕כ♃⁸[5] ⌐│ ╩ ™√⁹╕√⁸ ≢№╢

Ⱨfi─ ─ ⌐│ ≢№╢ 4.5 m/s [6]╩ ™√⁹ 

Ⱥp│ 3.2. 3- 2 [ 6]╟╡ ↕╣╢⁹ 

 

ЎÐ ς ʎÕÆ   (3.2.3 - 2) 

 

L ─ ↕ 

De  

ɦ  

uz ⌐ ∫√  

f  

 

f │ ≢ ╦╣╢ ╠⅛⌂ ≢│꜠▬ⱡꜟ☼ Re[- ]╩ ™≡

Blasius ─ (3.2. 3- 3) [ 6]╟╡ ╘╠╣╢⁹ 

 

Æ πȢπχωρ2Å Ȣ    (3.2.3 - 3) 

 

≤ ─ ╩ 3.2. 3- 12⁸ 3.2. 3- 13⌐ ∆⁹

Ⱨfi─ ≤ ♩♇◕כ♃) ↕⁸ ─ )─ │⁸

Ⱨfi≤ ─ ♩♇◕כ♃╢⌂≥ ↕≤ ─ ╖ ╦∑ ( ♃

♩♇◕כ 0.3 cm─ ⁸ 2.5 m/s⁸♃כ◕♇♩ ↕ 2.36 m)╩ ⇔

♩♇◕כ♃⁹╢™≡ ↕╩ ↄ∆╢ ⁸ ≤ Ⱨfi─ ╩ ↕

∑╢√╘⌐│⁸ ╩ ↕∑╢ ─№╢↓≤⅜ ⅛╢⁹ 

 

щ) -♃כ◕♇♩ ─  

 ╩ ╢ ─♩♇◕כ♃│ ⌐╟╡ ⅜ ⇔⁸

≢ ─ Ⱨfi⅛╠ ≡⅝√ ≤ ∆╢⁹↓─ ⁸
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≤ ⌐ ⅝⌂ ⅜№╢≤⁸ⱪꜝfi♩ ╩ ↕∑╢⌂≥─

⅜ ∂╢⁹∕↓≢⁸ ♩♇◕כ♃- ─ ⅜

≤ ♩♇◕כ♃╢⌂≥ ⁸ ╩ ⇔√⁹ 

⌐⅔↑╢ ≤ ─ ȺT ╩ ─ (3.2.3 - 4)╟╡ ∆╢⁹ 

 

Ў4
ה

ה ה ה
    (3.2.3 - 4) 

 

ɬ ♩♇◕כ♃  

h ♩♇◕כ♃ ↕ 

ɦ  

A  

V  

CV  

 

─ ╩ 3.2. 3- 14⁸ 3.2. 3- 15 ⌐ ∆⁹

≤ ♩♇◕כ♃) ↕⁸ ─ )─ │⁸

≤ ♩♇◕כ♃╢⌂≥ ↕⁸ ─ ╖ ╦∑( ♩♇◕כ♃ 0.3 

cm─ ⁸ 2.5 m/s⁸♃כ◕♇♩ ↕ 2.36 m)╩ ♇◕כ♃⁹╢™≡⇔

♩ ↕╩ ↄ∆╢ ⁸ ≤ ╩ ↕∑╢√╘⌐│⁸

╩ ↕∑╢ ─№╢↓≤⅜ ⅛╢⁹ 

 

─Ⱨfi♩♇◕כ♃(  

─ч)♃כ◕♇♩ ⁸ш) ⁸щ) 

≢ ╠╣√∕╣∙╣─ ╩ ♩♇◕כ♃∆√ ↕≤ ─ ╖

╦∑╩ 3.2. 3- 16⁸ 3.2. 3- 17⌐ⱪ꜡♇♩⇔√⁹∕─ ♩♇◕כ♃⁸ 0.2 

cm─◔כ☻≢│ ≤ ─ ⅜ ∆╢ ⅜ ⇔⌂⅛∫√

⅜⁸ 0.3 cm─ ♩♇◕כ♃⁸│ ↕ 2.36 m⁸ 2.5 m/s≢

≤ ⅜ ≤ ≤⌂╢ ⱳ▬fi♩⅜ ∆╢↓≤⅜ ⅛

╡⁸↓╣╩ ≤⇔√ 3.2.3 - 5 ⁹ 

╩♩♇◕כ♃ ∆╢⌐│⁸ ╩ ╣╢ ─ ╩ ⌐ ∆╢↓

≤⌐⌂╢⅜⁸∕─ ♩♇◕כ♃│ 1 №√╡ ─ 6.52×10- 4 %≤

⅛≢ ╡⁸ ┼─ │ ↕™≤ ⅎ╠╣╢⁹ 

─↓≤⅛╠ ⌐╦√∫≡ ⅛≈ ┼─ ⅜ ↕

Ⱨfi♩♇◕כ♃™ ⅜ ≢⅝√⁹ 

 

2).  Th- 232 ─☻כ◔ Ⱨfi ≤  

Th- 232 -⁸Ra│≢☻כ◔ 226/Th- 230 ⌐☻כ◔ ═⁸ ♩♇◕כ♃

⅜ ♩♇◕כ♃⁹™ / ↕│ b)─ ≢ ╠╣√∕╣∙╣ 0.3 cm⁸
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2.36 m≤⇔≈≈⁸1 №√╡ 24⅛ ∆╢ ─ ≡⌐

╩♩♇◕כ♃√╕⁹√⇔≥≥↓╢∆ ∆╢ ⌐≈™≡│⁸ 193

─ ─ ⁸a) ╩ ⇔⌂™ ≢№╢↓≤⁸b) ♩♇◕כ♃ 

⅜ ™⌐ ∑∏ ≢⅝╢↓≤⁸─ 2≈─ ╩ ∆╢ 36 ≤⇔

Ⱨfi♩♇◕כ♃⁹√ ╩ 3.2.3 - 18 ♩♇◕כ♃⁸⌐ ─ ╩

3.2.3 - 19⌐ ∆⁹ 

∫≡⁸1 №√╡ 24[ / ]×36[ / ]=864 ╩Ⱨfi♩♇◕כ♃─

∆╢↓≤≤⇔⁸↓─ ♩♇◕כ♃─ │ 577 kg- ThO2≤⌂╡⁸↓─

Th- 230─╖─ │ 845 g≤⌂∫√⁹ 

 

( 3)  Th- 229  

ᵑ Ra- 226/Th- 230  ☻כ◔

⁸│≢☻כ◔ √╡─ Ra- 226 ⅜ 1 g⁸Th- 230⅜ 50 g≤ ⌂ↄ⁸♃כ◕

♇♩ ⅜ ⌐ ═≡ ╘≡ ↕™⁹╟∫≡ ╩ ≤⇔√⸗fi♥◌ꜟ꜡

─┼♩♇◕כ♃│≢ ⅜ ⌂ↄ⁸ ⅜ ⅝ↄ⌂╢ ≤⌂╢⁹∕↓≢ Th-

229 ≢│⁸ ≢─ 1 ╩ ∫√⁹↓─

◔Ⱶ◌ꜟ◦ⱶ │⁸ ≤ ⌐∆╢√╘⁸ⱱ► ╩ 300 1200 ppm─

≢ ☻♥♇ⱪ⌐ ∂≡ ↕∑√⁹1 ≢─ ─☻כ◔ Th- 229─ ╩

3.2.3 - 20⌐ ∆⁹Ra- 226─ │ 4◘▬◒ꜟ(1920 ) ≢ Th- 229 │ ∟≤⌂

╡ 300 MBq⁸Th- 230─ │ 8◘▬◒ꜟ(3840 ) ≢ 570 MBq≤⌂╢↓≤⅜ ⅛∫

√⁹ 

ᵒ Th- 232  ☻כ◔

⁸│☻כ◔─↓ ─ Ra- 226/Th- 230 │≥☻כ◔ ─♩♇◕כ♃⌐ ⅜

⅝™√╘⁸ ⌐≡ Th- 229 ╩ ⇔√⁹ ≢─ Th- 229─ ╩

3.2.2 - 21⌐ ∆⁹∕─ ⁸8◘▬◒ꜟ( 3840 ) ⌐≡⁸25.3 GBq─ Th- 229╩

≢⅝╢ ≤⌂∫√⁹↓─ ╩ Th- 230─ ≢ ∫√ 1 g№√╡─ │ 29. 9 

MBq/g- Th- 230≤⌂╢⁹ 

≢ 50 g─ Th- 230 ≢─ │ 11.4 MBq/g- Th- 230≤ Th- 229 ⅜ Th-

230 ⌐ ⇔≡™⌂™↓≤⅜ ⅛∫√⁹↓╣│⁸Th- 230⅛╠─Ɽ☻∞↑≢│⌂ↄ⁸

Th- 232─( n,ɘ) ⅛╠ ↕╣√ U- 233─ ⌐╟╢ Th- 229 Ɽ☻⅜ ╦∫√↓≤

⅜ ─ ≈≢№╢≤ ⅎ╠╣╢⁹Th- 232⅛╠ U- 233╩ ⇔≡ Th- 229╩ ∆╢Ɽ☻

╩ 3.2. 3- 22⌐ ∆⁹ 

Th- 230⌐ Th- 232⅜ ∆╢ ⌐≈™≡ ╩ ╘╢√╘⁸♩ꜞ►ⱶ ╩ ⇔⁸

Th- 232/Th- 230 ╩ ↕∑√ ─ Th- 229 ╩ ⇔√⁹ │ ╩

⇔√ 3 ×3 ─ 9 ⁸ ─ 1 ♩♇◕כ♃╩ ≤⇔√

3.2.3 - 23 ⁹ │ ≡ ♩♇◕כ♃⁸ │ ─ ≤ ≢№╡⁸

♩ꜞ►ⱶ │ ≤⇔≡ 16 kg- ThO2⁸♩ꜞ►ⱶ ≤⇔≡ 14.1 kg⁸Th- 230

─╖─ │∕─ ⌐ ∂≡ 23 g 14 kg≢№╢⁹ ╩ 3.2.2 - 24⌐ ∆⁹

Th- 232/Th- 230 ╩ ↕ↄ∆╢ Th- 230 ╩ ↄ∆╢ ╒≥ Th- 229 │
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⌐ ⇔⁸ ≢ Th- 229 (Th- 230 1 g№√╡─ Th- 229 )│ ⌐

⇔√⁹ ─ │⁸Th- 230─ ─ ⌐╟╢╙─≤ ⅎ╠╣╢⁹ 

 

( 4)  Ⱶꜟ◐fi◓ ≤ Ac- 225  

Th- 229─ │ 7940 ≤ ⌐ ™√╘⁸ ↓╣╩ ⇔√ │Ⱶꜟ◐fi◓╩  

℮─╖≢ Ac- 225╩ ≢⅝╢⁹↓─Ⱶꜟ◐fi◓ ≤⇔≡⁸Ac- 225─ ≢№╢ 8

( 60 ) [9] ┘ Ac- 225─ ─ Ra- 225─ 15 ╩ ⇔⁸↓↓≢│ 30

⌐ ℮↓≤╩ ⇔≡ ─ Ac- 225 ╩ ⇔√⁹ 3.2. 3- 25─ ╡⁸Th- 229

─ 10 ─ Ac- 225╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

( 5) ♩♇◕כ♃  ⌐╟╢ ┼─  

ᵑ Ra- 226/Th- 230  ☻כ◔

1) ┼─  

Ra- 226/Th- 230╩∕╣∙╣ ⇔√ ─ ╩ 3.2.3 - 6 ⌐ ♩♇◕כ♃⁹∆

│ Ra- 226─ 1 g⁸Th- 230─ 50 g≤ ≢№╢√╘⁸ ₁─

│™∏╣╙ 0.002 %dk/kkΐ≤ ≢№∫√⁹ 

ᵒ Th- 232  ☻כ◔

1) ┘⁸ ┼─  

Th- 232 ─☻כ◔ ╩ 3.2.3 - 7⌐ ∆⁹ │≢☻כ◔ 193 ─

─ 36 ⌐ Th- 232 ╩♩♇◕כ♃ ∆╢⅜⁸ ┼─ │ ╩ ∂≡

0.3 %dk/kkΐ≤⌂∫√⁹ 

⌂⅔ ─♩♇◕כ♃⁸│≢☻כ◔ ⅜ 577 kg- ThO2≤ Ra- 226/Th- 230 ☻כ◔

⌐ ═≡ ™⌐ ↄ⁸ ≢№╢ U- 233╩ ∆╢ Th- 232⅜ 516 kg╙

∆╢√╘⁸ ┼─ ⅜ ↕╣╢⁹∕↓≢⁸♪♇ⱪꜝכ ┘Ⱳ▬♪ ─

╩ ∫√⁹♪♇ⱪꜝכ │ ╩ 900 Kǀ1300 K┼ ↕∑⁸Ⱳ▬♪ │

Ⱳ▬♪ Ⱥɖ╩ 50 Void%≤⇔≡ ╩ ∫√⁹∕╣∙╣─ ╩ 3.2. 3- 8 ≤

3.2. 3- 9 ⌐ ∆⁹∕─ ⁸♪♇ⱪꜝכ ┼─ │- 2×10- 6 ⁸Ⱳ▬♪ ┼─

╙- 6×10- 5 ≤ ⅛≢№∫√⁹ ╟╡⁸600 kg ─ Th- 232 ♩♇◕כ♃

╩ 36 ─ ⌐ ∆╢↓≤⌐╟╢ ┼─ │ ≢№╢↓≤⅜ ⅛

∫√⁹ 

2) ♩♇◕כ♃╢╟⌐ ┘  

Th- 232 ─♩♇◕כ♃ⱶ►ꜞ♩│≢☻כ◔ ─ ⅝↕⅛╠⁸ ⌐≤╙

⌂™ ╛ ⅜ ⅝ↄ⌂╢↓≤⅜ ↕╣╢⁹ №√╡─ ♇◕כ♃⁸

♩ 1g№√╡─ ╩⁸Ra- 226/Th- 230 ≥☻כ◔ ⇔≡ 3.2.3 - 26⌐⁸╕√

─ ╩ 3.2.3 - 27⌐ ∆⁹ 

Th- 232 ─☻כ◔ ♩ꜞ►ⱶ♃כ◕♇♩Ⱨfi 24 ─╖⁸

╩ ╕∏ │ 0.4  MW/ ≤⁸ ─ ─ 17.7 MWt─ 2 %

⌐ √∏⁸Ra- 226/Th- 230 ─⧵⌐╠↕│≢☻כ◔ 1/100 ≤ ♩♇◕כ♃⁹™↕

1 g№√╡─ │⁸Ra- 226 ≢☻כ◔ 32 W/g⁸Th- 230 ≢☻כ◔ 120 
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W/g⌐ ⇔⁸Th- 232 ≢☻כ◔ 27 W/g≤⁸Th- 230 ─☻כ◔ ⅜ ⅝⅛

∫√⁹⌂⅔⁸↓─ Th- 232 ─♩♇◕כ♃ │⁸3.2.2 - (2) -ᵒ≢─♃כ◕♇♩Ⱨ

fi ≢ ⇔√ ORIGEN2⌐╟╢ ─ ╟╡ 15 % ↕™⁹∆⌂╦∟⁸

≢│╛╛ ↕╣√ ⌐ ≠™√ ⌂ ≤⌂∫≡™╢↓≤⅜ MVP

⌐╟╡ ↕╣√⁹ ⌐≈™≡│⁸Ra- 226 ☻כ◔ │ ≢╙ 1 GWd/ton ⌐

√⌂™⅜⁸Th- 230 ╛☻כ◔ Th- 232 ≢☻כ◔ 10 100 GWd/t ≤ ↄ⌂

╢⁹ 

3)  Th- 232 ─≢♩♇◕כ♃ U- 233  

 Th- 232 ─≢♩♇◕כ♃ ⅜ ↕╣╢ U- 233│⁸1 ─ ─ ─

╩ ⇔ⅎ⌂™ ≢№╢ ⅜ 8 kg≤↕╣≡™╢⁹Th- 232 ─≢♩♇◕כ♃

U- 233─ ╩ ⇔ ╩ 3.2.3 - 28 ⌐ ⇔√⁹Th- 232 ╩♩♇◕כ♃ ⇔

√ 36 ≢ 577 kg- ThO2 516 kg- Th ╩ ∆╢ ⁸960 ≢ ─ 8 kg

╩ ⅎ⁸1920 ≢ 10 kg─ ≤⌂╢↓≤⅜ ⅛∫√⁹U- 233 ╩ ⇔≈≈

Th- 229╩ ╢⌐│⁸Ra- 226╙⇔ↄ│ ⇔√ Th- 230╩ ™╢⌂≥─ ╩ ∂

╢ ⅜№╢⁹ 

 
( 6)  ≢─ Ac- 225 ╕≤╘ 

Ra- 226 ⁸Th- 230 ⁸Th- 232 ─∕╣∙╣ ♩♇◕כ♃⁸≡™≈⌐☻כ◔3

⌐╟╢ PWR ─ ╛ ┼─ ⁸ ─Ⱨfi♩♇◕כ♃⁸ ⁸

╩ ⇔√⁹ ⌐⁸ ─ ⌐ ⇔♩ꜞ►ⱶ ─ ↄ⌂╢ Th- 232 ☻כ◔

⌐≈™≡│⁸ ⁸ ⁸ ╩ ⇔√ ╩ ⇔√⁹ 

36 ─ ⌐ 577 kg- ThO2 ─♩ꜞ►ⱶ╩ ∆╢ Th- 232 ⁸│≢☻כ◔

0.3 %dk/kkΐ─ ┼─ ⅜№╢╙── ╛ ⌐│ ⅝⌂ ⅜⌂

™↓≤⁸╕√ ─ ⌂™ Ra- 226/Th- 230 ─♩♇◕כ♃⁸│≢☻כ◔ ⅜

╘≡ ≢№╢ ╩ √⁹ 

╙☻כ◔─╣∏™ Ac- 225─ Th- 229─ ╩ ⇔≡⅔╡⁸1 ─ ─╖≢

⌐ Ac- 225╩ ≢⅝╢ ≢№╢⁹Ra- 226/Th- 230 ─☻כ◔ Ac- 225 │∕

╣∙╣ 3 GBq/y⁸6 GBq/y≤⌂∫√⁹ ⁸Th- 230─ ⇔⌐ ─♩ꜞ►ⱶ

╩ ∆╢⁸Th- 232 ─☻כ◔ Ac- 225 │ 250 GBq/y≤⌂∫√⁹↓─ │

─ U- 233⅜ ↕╣╢↓≤⌐ ⅜ ≢№╢⁹ 
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3.2.3 - 1 PWR  

 3411 [ MWt] 

 4.1[wt%]  

 17×17  

◘▬◒ꜟ 390 90  

Ɑ꜠♇♩  

(☻Ⱶ▪ )  

0.820 

(0.96  TD%) 

[cm]  

 0.950 

 1.220 

 0.972 

Ⱨ♇♅ 1.260 

↕ 366 

●☻ⱪ꜠♫ⱶ ↕ 17 

 

ⱱ►  
300 1200 [ppm] 
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3.2.3 - 2 ─  

  
♩♇◕כ♃  

0.2  0.3cm 

Ⱨfi─◑ꜗ♇ⱪ♩♇◕כ♃  cm 0.01 њ 

 cm 0.07 њ 

 cm 0.29 0.19 

 cm 0.04 њ 

↕  3.66 њ 

 K 562 њ 

 K 598 њ 

♩♇◕כ♃ ─  W/cm 43.94 88.29 

♩♇◕כ♃ ─  W/cm 65.36 131.32 

♩♇◕כ♃   ThO2 њ 

   ☺ꜟ◌꜡▬- 4 њ 

 

3.2.3 - 3  

    

 ϴ 300 327 

 Mpa 15.5 њ 

 kg/m3 726.5 661.1 

 ɡPaהs 88.5  77.5 

 W/(mהK) 0.56  0.52 

 kJ/(kg  K) 5.46  6.53ה

 

3.2.3 - 4  

 [W/(mהK)]  

ThO2[ 7]  
ρ

πȢπςρφπȢπππςρς4
 

☺ꜟ◌꜡▬- 4[ 8]  πȢρσψzρπ ςȢςυzρπ4 πȢχςυzρπ4 

He[ 6]  0.30 

 

3.2.3 - ♩♇◕כ♃ 5  

♩♇◕כ♃  
[cm] 0.3 

↕[ m]  2. 36 

[m/s]  2.5 
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3.2.3 - 6 Ra- 226/Th- 230 ─☻כ◔ ┼─  

 

 

 

 

 

 

 

 

 

 

3.2.3 - 7 Th- 232 ─☻כ◔ ┼─  

 

 

 

 

 

 

 

 

  

  Ra- 226 Th- 230 

BOC 

k- eff  1.06264 1.06248 1.06239 

ɦ 

(%dk/kkΐ) 
 - 0.014 - 0.022 

EOC 

k- eff  1.00116 1.00125 1.00115 

ɦ 

(%dk/kkΐ 
 0.009 - 0.001 

  
Th- 232  

 ♩♇◕כ♃

BOC 

k- eff  1.06264 1.05906 

ɦ 

(%dk/kkΐ) 
 - 0.32 

EOC 

k- eff  1.00116 0.99845 

ɦ 

(%dk/kkΐ 
 - 0.27 
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3.2.3 - 8 Th- 232 כꜝⱪ♇♪─☻כ◔  

 

 

 

 

 

 

 

 

 

 

 

 

3.2.3 - 9 Th- 232 ♪▬Ⱳ─☻כ◔  

 

 

 

 

 

  

  BOC EOC 

      

Ⱥɦ 
[ dk/kk']  

- 9.54E- 03 - 9.74E- 03 - 7.62E- 03 - 8. 36E- 03 

Th- 232 ♩♇◕כ♃ ⌐╟╢ 

♪♇ⱪꜝכ ┼─  

[ - ]  

- 4.97E- 07 - 1. 84E- 06 

  BOC EOC 

      

Ⱥɦ 

[ dk/kk']  
- 1.30E- 01 - 1.33E- 01 - 1.45E- 01 - 1.47E- 01 

Ⱳ▬♪ [dk/kk'/Void%]  - 2.60E- 03 - 2.66E- 03 - 2.91E- 03 - 2.94E- 03 

Th- 232 ♩♇◕כ♃ ⌐╟╢ 

Void ┼─  

[ - ]  

- 6.03E- 05 - 3. 34E- 05 
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3.2.3 - 1 Ra- 226(3n,2ɗ)Ɽ☻ 

 

 

3.2.3 - 2 Th- 230(3n,ɖ2ɗ)Ɽ☻ 
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3.2.3 - 3 ⌐ ™√ 17×17 ─ Ⱨfi  

 

 

 

 

 

 

 

 

 

3.2.3 - 4 ⌐ ™√ Ɽ♃כfi 

 

   

 

264  

 

25 
 

 

( ) 289  

ID   

A 52  

B 32 1cycle  

C 13 2cycle  

D 16 (Gd) 

E 36 1cycle (Gd) 

F 44 2cycle (Gd) 

( ) 193  
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3.2.3 - 5 ─ Ⱨfi≤ Gd Ⱨfi─   

   

 

248  

 

25 
 

 

 

16 Gd(8wt%)  

( ) 289  
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3.2.3 - 6 ⱪꜝ◑fi◓♦Ᵽ▬☻≤ PWR┼─♃כ◕♇♩  
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3.2.3 - 7 ─ Ra- 226/ Th- 230 ♩♇◕כ♃  

 

 

 

 

 

 

 

3.2.3 - 8 Ra- 226/Th- 230 ╩♩♇◕כ♃ ⇔√ ─  

 

  

ID   

A 52  

B 32 1cycle  

C 13 2cycle  

D 16 ( Gd) 

E 36 1cycle (Gd) 

F 44 2cycle (Gd) 

TAR 4 
Ra- 226/ Th- 230 

Target  

( )  193  



  

 3.2- 19  

 

 

3.2.3 - 9 ─  

 

 

 

3.2.3 - )Ⱨfi♩♇◕כ♃ 10 0.2 ) ─  

 

300
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0.00 0.05 0.10 0.15 0.20 0.25 0.30

[ϴ
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Ⱨfi



  

 3.2- 20  

 

 

3.2.3 - )Ⱨfi♩♇◕כ♃ 11 0.3 ) ─  

  

300
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700

900

1100

1300

1500

1700

1900

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

[ϴ
]

[cm]

Ⱨfi

[m/s]



  

 3.2- 21  

 

 

3.2.3 - 12 ─ ♩♇◕כ♃) 0.2 )  

 

 

3.2.3 - 13 ─ ♩♇◕כ♃) 0.3 )  
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Ⱨfi



  

 3.2- 22  

 

 

3.2.3 - 14 ─ ♩♇◕כ♃) 0.2 )  

 

 

3.2.3 - 15 ─ ♩♇◕כ♃) 0.3 )  
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♩♇◕כ♃ ↕
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 3.2- 23  

 

 

3.2.3 - ♩♇◕כ♃ 16 ▬ⱬכ◘ ♩♇◕כ♃) 0.2cm)  

 

 

3.2.3 - ♩♇◕כ♃ 17 ▬ⱬכ◘ ♩♇◕כ♃) 0.3cm) 

  



  

 3.2- 24  

 

 

3.2.3 - 18 ─ Th- 232 Ⱨfi♩♇◕כ♃  

 

 

 

 

 

 

3.2.3 - 19 Th- 232 ♩♇◕כ♃ ─  

 

  

ID   

A 32  

B 20 1cycle  

C 9 2cycle  

D 16 ( Gd) 

E 36 1cycle (Gd) 

F 44 2cycle (Gd) 

TH 36 
Th(Th- 230 Th- 232) 

♩♇◕כ♃   

 53 
◒ꜝ☻♃ 

 

( )  193  



  

 3.2- 25  

 

 

3.2.3 - 20 Ra- 226/ Th- 230 ─♩♇◕כ♃ Th- 229  

4 ┼ Ra- 226(1g)╙⇔ↄ│ Th- 230(50g)╩  

 



  

 3.2- 26  

 

 

3.2.3 - 21 Th- 232 ─♩♇◕כ♃ Th- 229  

36 ┼ 577[kg- ThO2](Th - 230 845[g]) ╩  

 

 

 

3.2.3 - 22 Th- 232⅛╠─ Th- 229 Ɽ☻ 

 



  

 3.2- 27  

 

 

 

 

 

3.2.3 - 23 Th- 232/ Th- 230 ≤ Th- 229 ─ ⌐ ™√ 

♩♇◕כ♃┘ ─  

 

  



  

 3.2- 28  

 

 

 

 

 

3.2.3 - 24 Th- 232/ Th- 230 ≤ Th- 229 ─  

14.1 ─♩ꜞ►ⱶ╩ 4◘▬◒ꜟ( 1920 )  

 

 

 

 

  

Th- 232/ Th- 230 Th- 232/ Th- 230 



  

 3.2- 29  

 

 

3.2.3 - 25 Th- 229⅛╠ 30 ⌐ Ac- 225╩Ⱶꜟ◐fi◓∆╢ ─ Ac- 225  

 

  



  

 3.2- 30  

 

 

3.2.3 - ─♩♇◕כ♃ 26 ┘  

 ( Th- 232:577 kg,  Th- 230; 50 g,  Ra- 226; 1 g)   

 

 

 

  



  

 3.2- 31  

 

 

3.2.3 - ─♩♇◕כ♃ 27  

( Th- 232:577 kg,  Th- 230; 50 g,  Ra- 226 1g)   

 



  

 3.2- 32  

 

 

3.2.3 - 28 Th- 232 ─♩♇◕כ♃ U- 233  

36 ≢ 577[kg- ThO2]  (Th- 230 845 g╩ )  

 

  



  

 3.3 .1 - 1  

 

3.3 ₈ ₉ ≢─ Mo- 99  ה

  3.3.1 ⌂ ─ ( ⁸ JAEA ₒR2- R4x  

  1 ₒR2- R4ₓ 

2 │⁸ ≢ ⌂⁸ ╩ ∆╢ ╩ ⇔√⁹

╩ ∆╢ ─ ╩ ⇔⁸ ─ ╩ ⇔√⁹↓─

⌐ ≠⅝⁸ ─⸗fi♥◌ꜟ꜡ ─ ⱨ□▬ꜟ╩ ⇔⁸ ╩ ⇔√⁹

╕√⁸ ⁸ ─ ─√╘⁸ ╩  

⇔⁸ ⌂ ⅜ ⌂ ╩ ⇔√⁹ ≢─ Mo- 99 ⌐ ⇔√

╩ ∆╢√╘─ ⁸ ─♃כ♦ ╩ ™⁸Mo/Tc ─ ╩ ⇔√⁹ 

 2 ₒR2- R3x  

2 ⌐ ╩ ™⁸ 3 │ 2 ⌐ ⇔√ ⌐⅔™≡⁸

─ ⁸ ─ ╩ ⇔√⁹╕√⁸ ╩ ↑≡⁸

╩ ⇔√⁹ ≤⇔≡⁸Be⁸Al ┘ Graphite ≢⁸Mo- 99─

─ ╩ ∫√ ⁸Be Graphite Al ─ ≢ ™↓≤⅜ ≥♩♇◕כ♃⁸√╕⁹√∫⅛

↕∑╢ YD2 ─ │ ↕ↄ⁸ ⌐ ≢⌂™↓≤⅜ ⅛∫√⁹

↕╣√ ╩ ™≡ 2 ⌐ ⇔√ ⁸ ה

≢Ɽꜝⱷכ◘♃כⱬ▬╩⇔⁸ ╙ ⌂ ╩ ⇔√⁹ 

 

( 3)  ₒR4x  

 3 ╕≢─ ╩ ╕ⅎ⁸₈ ₉ ⌐⅔↑╢ Mo- 99─ ─ ─

┘∕─ ⅛↕╩ ⇔√⁹ 

ᵑ ⅛↕  ♪כ◖

 ─ ⅛↕ ꜡ꜟ◌♥fi⸗ꜟ♃כ♩─╘√─ ⌐ ≠ↄ ╩♪כ◖ ⇔√⁹

3.3.1(5) - 1 ⌐ ⱨ꜡כ╩ ∆⁹ ☻Ɑ◒♩ꜟ⅛╠ ╩⁸ ☻Ɑ◒♩

ꜟ≤ ╠⅛ꜞꜝⱩ▬ꜝ♃כ♦ 1 ╩ ⅛↕ ⅝≢ ∆╢⁹ ⅛↕─ ≢

╩ ™≡ ┘ 1 ─ ─◘fiⱪꜟ☿♇♩╩ ⇔⁸↓╣╠─◘

fiⱪꜟ≢ ⌐╟╢ ORIGEN2.2 ╩ ⇔⁸Mo- 99 ─ ≤

╩⁸ ─ ┘∕─ ⅛↕≤∆╢ ╩♪כ◖ ⇔√⁹ 

 



  

 3.3 .1 - 2  

 

 

3.3.1(5) - ꜡ꜟ◌♥fi⸗ꜟ♃כ♩ 1 ⌐ ≠ↄ ⱨ꜡כ 

 

ᵒ ┘∕─ ⅛↕  

 ≢ ⇔√ ╩♪כ◖ ™≡⁸₈ ₉ ⌐⅔↑╢ Mo- 99─ ─ ─

┘∕─ ⅛↕╩ ⇔√⁹ 

 1 │ 3.3.1(5) - 1 ╩ ™≡⁸MCNP◖כ♪≢ ╘√ ☻Ɑ◒♩ꜟ≤

NJOY◖כ♪≢ ⇔√ ⅛╠ ⇔√⁹⌂⅔⁸Mo- 99 ⌐⅔™≡│⁸ ⌐

⅔™≡ 98Mo(n,g) ≤ 100Mo(n,2n) ─ ╩ ⇔⁸98Mo(n,g) ⅜ 99.9 %╩ ╘

꜡ꜟ◌♥fi⸗ꜟ♃כ♩⁸╠⅛≥↓╢ ⌐⅔™≡ ≢ ╢ 1 │ 98Mo(n,g) ─╖≤

∆╢↓≤≤⇔√⁹╕√⁸ ─ Mo ⁸│♃כ♦ ≢ ™≡™╢

JENDL4,5⅜ ╩♃כ♦ ⇔≡™⌂™√╘⁸↓↓≢│ ENDF/B- VII.1 ╩ ™╢↓≤≤⇔√⁹

 3.3.1(5) - 1  

 

 ⌐≈™≡│⁸MCNP◖כ♪⌐╟╢ ☻Ɑ◒♩ꜟ ─ ╩ 3.3.1(5) - 2 ⌐

∆ ≢ ⇔√ ⇔√⁹ │⁸3.3.2 ≢ ⌐ ═╢⅜⁸ ≢│⁸Be

─ ╩ ╕ⅎ≡⁸ ◖fiⱤכ♩ⱷfi♩ ♃▬ⱪ─ 7 ◒ꜝ☻♃ ≤⇔⁸

─ ꜝ♇Ɽ ⌐ ∆╢ │ 60.2 %≤⇔√⁹╕√⁸ ♩♇◕כ♃

űcÜȹűc
(MCNP6 Ver1.0)

űÜȹű

(ENDFB-VII.1)

űÜȹű(m)
1
űÜȹű(m)

(ORIGEN2.2 )

Mo-99 NMo-99

Mo-99

Mo-99 NMo-99 ȹNMo-99

Total Monte Carlo calculation 

= /



  

 3.3 .1 - 3  

 

≢№╢MoO3│ ±25 cm─ 50 cm⌐ ◖fiⱤכ♩ⱷfi♩⌐ ⇔√⁹MoO3Ɑ꜠♇♩─

│ 95 TD%≤⇔⁸♃כ◕♇♩ ⌐│ ─ Mo╩ ⇔√ MoO3Ɑ꜠♇♩╩

5.15 kg ⇔√⁹ 

 ⌐ ⇔√ ꜝ▬Ⱪꜝꜞ│ JENDL- 4⌐ ɘ ╩♃כ♦ ⇔√₈ ₉⌐⅔™

≡ ⌐ ⇔√ AceLib╩ ™√⁹ ꜝ▬Ⱪꜝꜞ╩ ™╢↓≤≢⁸1 ─ ɘה

⌐⅔™≡ 1 √╡─ ⅜ ≢⅝⁸ ┼─ ⅜ ⌐⌂╢ⱷꜞ

♇♩⅜№╢⁹ 

 

 

3.3.1(5) - 2  

 

 1 ─ ♃כ♦ ─ ⅛↕│⁸ ♃כ♦ ┘MCNP≢ ╘√ ☻Ɑ◒♩

ꜟ⅛╠ ( 3.3.1(5) - 2)⌐╟╡ ╘√⁹⌂⅔⁸ ⌐⅔™≡│ ☻Ɑ◒♩ꜟ ⌐⅔↑╢

♪◦ⱷכ♃ ⌐╟╢ ─ ⁸╘√™⌂⅜♃כ♦ ☻Ɑ◒♩ꜟ─ ⅛↕⌐ ∆

╢ 1 ─ ⅛↕│ ⇔⌂⅛∫√⁹ 

 

  .  ( 3.3.1(5) - 2)  

 

 ╩ 7 ≤⇔⁸Mo- 99 ─ ⌐⅔↑╢ ╩ 90 %≤⇔√ ╩

3.3.1(5) - 1⌐ ∆⁹1 │ 0.449 barn⁸ ♃כ♦ ─ ⅛↕│ 4.02 %≢№∫√⁹

─ ⅛↕│ 14 %╩ ⇔√⁹Mo- 99─ ─ ╩⇔√ │⁸ ≢

324.6±47.0 GBq/g- Mo⁸1 №√╡ 1,115 TBq≤⌂∫√⁹₈ ₉⅛╠ FMF┼─

MoO3

2.05cm

2.60cm

SUS316

SUS316

MoO3100cm

27.5cm

22.5cm

50.0cm

7B1

6B1

7A7

7B2

8B2

8B1

8A8

Mk-IV
(MCNP )

7 Be

MoO3 7



  

 3.3 .1 - 4  

 

5 ┘ 1 ─ 6 ╩ ⅛╠ Mo ╕≢─ ≤⇔√ ⁸

│ 68.0 GBq/g- Mo⁸1 №√╡ 233.3 TBq≤⌂∫√⁹ 

 

 

 

 

 

 

3.3.1(5) - 1  

 

 

 

 

 

1.0ú108

Neutron

Flux

Total Flux 5.88ú1014 [n/cmḱs]

Error 14.0%

X-sec

Reaction (n,Ὕ)

1Gr.X-sec 0.449[barn]

1Gr.X-sec  error 4.02%

99Mo 324.6Ü47.0 [GBq/ g-Mo]

Error 14.6%



  

 3.3 .2 - 1  

 

 3.3.2 ─ ( JAEA - JOYOₒR2- R3x  

1  

  2 │ 3. 3. 1 ─ ╩ ↑≡⁸ ─ ╩ ⇔√⁹ 

  3 ⌐│ 7 Ⱨfi ≤ ⁸ ⌐ √ ⁸1  

Ⱨfi Sb- Be ─ ╩ ⇔⁸ ─ ⌐ ╦∑

≡ ─ ╩ ∆╢↓≤⌐╟╡⁸ ≤∆╢ ╩ ∆╢↓≤⅜≢⅝╢↓≤╩

⇔√⁹╕√⁸ ─ ⌐≈™≡│⁸₈ ₉─ ⌐⅔™≡│ⱬꜞꜞ►ⱶ Be

≤ ☺ꜟ◖♬►ⱶ ZrH1.65 ⅜ ⁸∕─ Graphite⁸Al⁸YD2╩ ⇔√⅜⁸Be

⅜ ≢№╢≤ ↑≡™╢⁹ 

⌐ ∆╢ Mo- 98(n,ɘ) │ ⌐ ─ ≢ 60 80 %≢ ╩ ≈ ≢№

∫√⁹↓╣╩ ╕ⅎ⁸Be─ ⁸▪fi♅⸗fiכⱬꜞꜞ►ⱶ ─ɘ ≢№╢▪fi

♅⸗fi╩ ⇔√ ╩ ↑ ╣╢ ↑ ≤⇔≡ ─ ⅝ Be─

⅜№╢↓≤⅛╠⁸ ─ ╩ ≤⇔≡⁸ ╩ ♫♩ꜞ►ⱶ ─

∆⌂╦∟⁸ ─ ≢ ∆╢↓≤≤⇔≡ ╩ ⇔√⁹ 

 2  

 ◐ꜗⱪ☿ꜟ─ ╩ ⇔√⁹ ∆╢ Mo- 99 │ ⅜ 2.6 ≤ ™√╘⁸

⁸◐ꜗⱪ☿ꜟ╩ ⌐ ╡ ⇔≡ MoO3─ ╩ ℮ ⅜№╢⁹↓─√╘⁸

◐ꜗⱪ☿ꜟ─ ╩ ⇔√⁹ 

 

 3.3.3 ─  ( JAEA - JOYO,FMF ₒR2- R4x  

1 ה⇔ ─ ₒR2- R3x  

 PIE ⌐⅔↑╢☿ꜟ ≢─ ─╠⅛☻◒♇ⱩⱲכ꜡◓⁸ ⇔─ ╩

⇔√⁹ ╩ ∆╢╕≢─ ⌐№√∫≡│⁸☿ꜟ ─ ⌐ ─

⅛╠ 5 ╩ ∆╢ ╖≢№∫√⅜⁸☿ꜟ ≢─ ╩ ⇔⁸1 ⌐

≢⅝╢ ╖╩ √⁹╕√⁸ ╡ ⇔√◐ꜗⱪ☿ꜟ╩◓꜡כⱩⱲ♇◒☻┼ ∆╢

╙ ─ ╩ ☻◒♇ⱩⱲכ꜡◓⁹╢™≡⇔ ╩ ↄ ⌐≈™

≡│ ─ │⌂⅛∫√⁹ 

2 ₒR2x  

─√╘─◖fiⱤכ♩ⱷfi♩╛◐ꜗⱪ☿ꜟ⌐≈™≡ ⇔⁸ ⌐

╛ ─ ╩ ─ ⁸ ─ ⅜ ≢№╢↓≤⅜ ⅛∫√⁹  

3 GB ₒR2- R3x  

─☻◒♇ⱩⱲכ꜡◓    ╩ ♪ꜟכ◖⁸⇔ ─ ╩ ∫√⁹ 

4 ₒR2x  

♪ꜟכ◖ ─ ≤⇔≡ ⌂ ─ ╩ ≈⌐☻◒♇ⱩⱲכ꜡◓⁹√∫

™≡│⁸  2 ─ ╩╙≤⌐ ─ ─ ╩ ™⁸ ⌂ ⁸

⌐≈™≡ ╩ ∫√⁹  

5 ה⇔ ─ ₒR4x  

ה⇔  ─ ≤⇔≡⁸ ꜞ◓─ ╩ ╕ⅎ⁸ ─ ┘◐

ꜗⱪ☿ꜟ─ ╩ ∫√⁹



  

 3.3 .3 - 1  

 

 

 ꜞ◓─ ≤⇔≡│⁸◖fiⱤכ♩ⱷfi♩╩ ≢⅝╢◦ꜗ♩ꜟ ꜞ◓≤ ┌╣╢Ɫ

fi♪ꜞ◓Ⱬ♇♪⌂≥╩ ≢│⌂ↄⱠ☺ ⌐⇔√ ╩ ⇔⁸ ─ ≤

⁸⌡∂ ⌐ ⇔≡♩ꜟ◒ ≤ ╩∆╢↓≤≢⁸☿ꜟ ≢ ─Ⱨfi♩♇◕כ♃≢

⌐Ⱨfi♩♇◕כ♃⁸⇔ ↕╣╢ Mo ◐ꜗⱪ☿ꜟ╩ ⌐≢⅝╢↓≤╩ ⇔√⁹ 

 ◐ꜗⱪ☿ꜟ─ ╡ ™ ☻◒♇ⱩⱲכ꜡◓╩ GB ≢ ∆╢↓≤≤⇔⁸◐ꜗⱪ

☿ꜟ─ ⁸Ɽ▬ⱪ◌♇♃כ ─ ─◖fi♃Ⱶ╩ ⅎ√ ≢ ∆╢↓

≤≢ ⅛≈◖fi♃ⱵⱠכ◦ꜛfi╩ ∆╢↓≤≢⁸ ┼ ⌐ ™ ∑╢↓

≤╩ ⇔√⁹ 

 ◐ꜗⱪ☿ꜟ GB⁸ GB⁸ ה ™ ⇔ GB╩ ∆╢↓≤≢⁸

⌂ ™ ⇔⅜≢⅝╢↓≤╩ ⇔√⁹



  

3. 3. 4- 1 

 

3.3.4₈ ₉≢─  ( JAEA- JOYOₒR3- R4x  

 3 ⌐│ ─ ⌐ ⌂ ⌐≈™≡ ⇔⁸₈ ₉─ ─

⌐ RI ─ ⁸ ╙⇔ↄ│ ⌐ MoO3─ ╩ ∆╢ ⅜⁸

FMF⌐⅔™≡│⁸RI ─ ⁸ ⁸ ─ ⅜ ≤ ↕╣√⁹ 

 

ₒR4x  

 ≤⇔≡⁸₈ ₉ ─ ⌐ ↑√ ⁸ ╩

⇔⁸ ( )╩ ⇔√⁹ 

(1)  

│⁸ⱱ♇♩ⱪ꜠☻ │ SPS ⌐╟╡ ↕╣√ MoO3 ⸗ꜞⱩ♦fi

─ ♦▫☻◒≤⇔≡™╢⁹ ⅜ ⅝™╒≥ ⌐ ⌐ ≤↕╣≡™╢↓≤

⅛╠ ╩ɫ16×H10 mm/ ≤⇔⁸↓╣╩ 50 ∆╢↓≤≢ ↕╩ 500 mm≤∆╢⁹

│⁸JMTR⌐⅔↑╢ɫ10×1 ♦▫☻◒─ SPS ⌐╟╢ 96.7 %T.D.

JAEA- Tech. 2014- 034 ⅛╠⁸95 %T.D. ≤⇔≡™╢⁹ 

(2) ◐ꜗⱪ☿ꜟ 

◐ꜗⱪ☿ꜟ─ ╩ 3.3.4 - 1⌐ ∆⁹ ≢№╢ MoO3│⁸ Na≤ ⇔

ↄ ∆╢≤↕╣≡™╢↓≤⁸╕√⁸ ⁸MoO3♦▫☻◒─ ⌐◐ꜗⱪ☿ꜟ

≢№╢☻♥fi꜠☻ ≤─ ⌐╟╢ ─ ╩ ↑╢√╘⁸ ◐ꜗⱪ☿ꜟ│⁸Mo

≤⇔⁸☻♥fi꜠☻ ◐ꜗⱪ☿ꜟ ╩ He ●☻ ≢ ∆╢ ≤⇔≡™╢⁹

╕√⁸ ◐ꜗⱪ☿ꜟ ⌐ ⇔⁸ ⱱꜟ♄כ ┘ Mo ꞉▬ꜘ≢ MoO3♦▫☻◒

╩ ⇔⁸Mo ◐ꜗⱪ☿ꜟ⌐ ╗ ≢№╢⁹⌂⅔⁸ ◐ꜗⱪ☿ꜟ ⌐⁸

◐ꜗⱪ☿ꜟ ⌐≈™≡╙ He●☻⌐ ≢⅝╢ ≤∆╢⁹ ─ ⌐╟╢●

☻ │⌂ↄ⁸●☻ⱪ꜠♫ⱶ│ ≢№╢⅜⁸MoO3─ ↕⅜ 500 ≢№╢↓≤⅛╠⁸

◐ꜗⱪ☿ꜟ │⁸700 mm╩ ⅎ╢ ╖≢№╢⁹ 

 



  

3. 3. 4- 2 

 

 

3.3.4 - 1 ◐ꜗⱪ☿ꜟ─  

  

(3)  

⌐⅔↑╢◐ꜗⱪ☿ꜟ │⁸MoO3─ ≤↕╣╢ 600 ϴ ⌐⌂╢╟℮⁸

◐ꜗⱪ☿ꜟ │ He●☻≢ √⇔⁸ ─ ⌐ ╩ ∆╢⁹ 

(4) ( )  

╕≢─ ╩ 3.3.4 - 2⌐ ∆⁹ ─ ה │ ┌ↄ

⁸ ─ ─√╘⌐ ╙ ╘≡ ⇔√ ⅜ ≢№╢⁹╕√⁸◐ꜗⱪ☿ꜟ

─ ⁸MoO3 ⁸ ⌐╟╢ ꜞ◓─ ⇔─ ⌐╟╡

⅜ ≢№╢⁹RI ⌐ ╢ ⁸ ─√╘─ ⁸ ◐ꜗⱪ☿ꜟ ┘

ꜞ◓ ╩ ⌐ ╘╢ ≢№╢⁹ 



  

3. 3. 4- 3 

 

 

3.3.4 - 2 Mo- 99/Tc- 99m ⌐ ↑√ ( )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

3. 4. 1- 1 

 

3.4 ₈ ₉ ≢─ Ac- 225  

 3.4.1 Ac- 225 ─  

ₒR2- R3x  

2 │⁸ ( ⁸ )≤ (Ac- 225 )≢ ╡ ™ ╩ ה

⇔√⁹ 

3 │⁸Ac- 225─ ⌐⅔™≡ ↕╣╢ ⌐≈™≡⁸ ┼─

╩ ≤⇔√ ╩ ™⁸ ─ ™ ╩ ╠⅛⌐⇔√⁹ 

 

ₒR4x  

─ ─ ⌐ ⇔≡│⁸ ⅜ ⅛ ⅛⌐⅛⅛╦

╠∏⁸ ─ ⅛╠ ⌐ ╢╕≢─ ╩∆═≡ ⌐ ∆╢

⅜№╢⁹⇔⅛⇔⌂⅜╠⁸ ≤ ─ ⅜ ⌂╢ ⁸ ⅜

╩ ⌐ ∆╢ ⅜№╡⁸ ─ ─ ⌐

∆╢ⱡ►Ɫ► ─ ╣⅜№╢⁹ Drug Master File: DMF ≤│⁸

│ ─ ⅜ ─ ה ה ⌐ ╢

⌐ ⌂ ╩ ⌐ ∆╢╙─≢№╢⁹↓╣⌐╟╡⁸ ⅜

─ ⌐ ⇔ ⌐ ⌂ ─℮∟ ⱡ►Ɫ► ⌐ ╦╢ ╩

∆╢↓≤⌂ↄ⁸ ─ ⅜ ╩ ℮↓≤⅜ ≢№╢⁹ 

⁸Ac- 225╩ ⇔√ ─ │ ⌐⅔™≡│ ╦╣≡™

⌂™⅜⁸ ⌐⅔™≡│ ─ ─ ⅜ ╦╣≡™╢⁹∕─ ≤⇔≡─ Ac-

225⌐≈™≡│⁸ ▪ⱷꜞ◌ FDA ⌐⅔™≡∆≢⌐ 2021 4 ⌐ Oak 

Ridge National Laboratory (ORNL) ⅜ DMF ╩ ∫≡⅔╡⁸ ─ ⌐⅔™≡│

DMF⌐ ≠ↄ Ac- 225─ ⅜ ╦╣≡™╢⁹↓╣⌐╟╡⁸Ac ─ ╩ ∆╢

ⱷ⁸│◌כORNL≢ ↕╣√ Ac- 225 ╩ ≤⇔≡ ⅜ ≢№╡⁸

DMF│ ™ ⌐ ∆╢╙─≢№╢⁹ 

⌐⅔↑╢ Ac- 225 │◘▬◒꜡♩꜡fi⌐╟╢ ⁸ ⌐╟╢ ⅜ ↕╣

≡™╢⅜⁸◘▬◒꜡♩꜡fi │ ⱷכ◌⅜ ∆╢◘▬◒꜡♩꜡fi⅜

≢№╢─⌐ ⇔⁸ ╩ ⱷכ◌⅜ ∆╢↓≤│ ╘≡ ≢№╡⁸

≢ ↕╣√ Ac- 225─ ה ─ ╩ ╢√╘⌐│⁸ ≤⇔≡─ Ac- 225

╩ ∆╢ ⅜ DMF ⌐⅔↑╢ ╩ ℮↓≤⅜ ≢№╢≤ ⅎ╠╣

╢⁹ ─ U- 233 ─ Ac- 225 ┘ ─ U- 233 ─ Ac- 225⌂╠┘⌐ Th- כ♃╩232

◕♇♩≤⇔√ ─ Ac- 225 ⌐≈™≡│⁸♪▬♠ ►ꜝfi ITU ╕

√│ ⱪכ♩♁▬▪ ☿fi♃כ NIDC ⌐⅔™≡ ↕╣√╙─⅜ ⌐

™╠╣≡™╢⁹ITU⁸NIDC⅜ ↕╣≡™╢ │ ─≤⅔╡≢№╢⁹ 

ITU  

-Thה 229/U- 233  90 ppm ɖ ☻Ɑ◒♩꜡ⱷ♩ꜞ  

-Raה 225  20 ppm ɘ ☻Ɑ◒♩꜡ⱷ♩ꜞ  

ה ─ ╩ ICP- MS  
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NIDC  

ₒ233U ₓ 

-Acה 255   98 % 

-Raה 255  2 % 

ₒ ₓ 

-Acה 255   ֓ 99 % ɘ ☻Ɑ◒♩꜡ⱷ♩ꜞ  

-Acה 227≤∕─ ╩ ╕⌂™↓≤ ─ Ac- 277  ֒ 2 %  

 

 

 

 

 

 

 

 

 

 

 



  

 3.4. 2- 1  

 

 3.4. 2 Ac- 225 NucMedₒR2⁸R4x  

ₒR2x  

Ac- 225 │⁸ ≢ ↕╣≡™╢╙─⅜⌂™⁹ ∫≡⁸ ⌐⅔↑

╢ Ac- 225 ─ │⁸ ⌐ ╠╣≡™╢⁹ ⌐⅔↑╢ ─ ┘

⌐≈™≡─ ⌂ │⌂™⅜⁸Th- 229╩ ≤⇔≡ 63 GBq ⅜ ↕╣≡™

╢╙─≤ ↕╣⁸∕─ ⅜ ┼─ │⁸1 MBq№√╡ 50,000 ≢№╢╟℮

∞⁹Ac- 225─ ─ ⌐ ⌂ ⅜ ╕∫≡™╢ ⌐⅔™≡│⁸ ─

─ ⌐ ⌂ ─ Ac- 225─ │⅔╤⅛⁸ ─ Ac- 225╩ ⌐ ∆╢

↓≤∆╠ ⌂ ⌐№╢⁹ 

2 │⁸Ac- 225 ─ ─ ≈≤⇔≡ ≢ ⅜ ╪≢™╢

⅜╪╩ ⌐⁸ ⅜ ⌐⅔↑╢ Ac- 225─ ⌂ ─ ╩ ╖√⁹ 

⅜╪─ ⌐⅔↑╢ │ 9 2019 ≢№╡⁸ ₁

⇔≡™╢⁹ ⅜╪│⁸ ⱱꜟ⸗fi⌐ ⇔≡ ⇔ ∆╢↓≤⅛╠⁸ ⌂

│↓╣╩ ∆╢↓≤╩ ≤⇔≡™╢⁹∕─ ≢⁸™╦╝╢ ─

⅜╪╙⁸ ≢ 10 % ╖╠╣⁸↓─ │ ⅜ ∆╢⌐≈╣≡ ⅜∫≡

™ↄ≤↓╤⁸↓℮⇔√ ⅜ ≤⌂╡╛∆™⁹Ac- 225 ⅜↓─

≡⇔⌐♩♇◕כ♃╩╪⅜ ↕╣╢≤ ⇔√ ⁸ ⌐⁸ ⌐⅔™≡│

1 ⅜ ≤⌂╢↓≤⅜ ↕╣╢⁹ 

Ac- 225 ─ ╩ ≢ ∆╢↓≤⌐│ ╩ ℮⅜⁸ ⅜╪╩ ≤

⇔√ ─ ≤⇔≡─ ⅜ 160 ⌐ ↕╣≡⅔╡⁸╕√ꜝ☺►ⱶ

223 Ra- 223 ─®◗▫ⱨכ♂╢№≢ ⅜ 1 697,614 ≢№∫≡ 6 ╕≢

≢№╢↓≤⌐ ╖⁸™∫√╪ 200 ⅛╠ 400 ─ ─ ╩ ∆╢⁹↓─

≤⅝⁸ ≤⌂╢ ⅜╪ ─ ⅜ Ac- 225 ⌐╟╢ ╩ ↑╢≤ ⇔

√ ⁸ ⌐⅔↑╢Ⱨכ◒ ─ ╡ →│ 100⌂™⇔ 200 ≢№╤℮≤

↕╣╢⁹ ↄ─ ⌐≈™≡⁸ ⅔↑╢ │ ─ 1 ≢№╢↓≤⅛

╠⁸ ≤⇔≡│ 1,000⌂™⇔ 2,000 ≢№╤℮⁹ ⅜╪∕─ ─ ┼─

⁸ ╩ ∆╣┌⁸↓─ 1.5 ─ ╩ ⇔℮╢⁹ 

Ac- 225 ─ ─ ≤⇔≡─ Ac- 225 ─◖☻♩╩≥─╟℮⌐ ⅎ╢⅛≤™℮

⌐≈™≡╙⁸ ≢ ⌂ ╩ ℮↓≤│ ≢│⌂™⁹ ⱪכ♩♁▬▪○☺ꜝ

─◖☻♩≤⇔≡ ╡ →─ 20 % ╩ ⇔℮╢─⅛╙⇔╣⌂™⅜⁸ ⌐│ ─₈

₉│╙∫≤ ↄ⁸╕√ ≢№╣┌∕─ │╟╡ ↄ⌂╢↓≤╩ ╕ⅎ╣┌⁸

≢╙ 10 % ≢№╢≤ ╙∫≡⅔ↄ═⅝≢№╤℮⁹↓╣╠─ ╩⁸ ≤ ─

╩ ╘≡ ≤⇔√ ─ ╡ →Ⱨכ◒ ─Ac- 225─RI≤⇔≡─ │⁸ ≢ 10⅛

╠ 80 ⁸ ≢ 100⅛╠ 800 ≢№╢≤ ⅎ╠╣╢⁹ 

 

ₒR4x  

4 │⁸ ─℮∟ Ac ─ ≤⌂╢ ⅜ 3,400

≢№╢ ┘ 43,000 ≢№╢ ⅜╪⌐≈™≡ √⌐ ─ ≤⇔√⁹

№√╡─ Ac ⅛╠ ╙∫√ ─ ⌐≈™≡│ ⅜
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╪─ ⁸ ⅜╪⌐≈™≡│ 4 ≤⌂╢↓≤⅜ ↕╣√⁹ ≤⇔≡⁸↓╣╠ 3

─Ⱨכ◒ ─ ─ │ ⌐ ╙∫≡ 550 ꜟⱣכ꜡◓√╕⁸

│ ─ 10 ≤⌂╡℮╢⁹⌂⅔⁸ ─ RI─ ╩ ⌐ 10 %

≤ ╙∫√ ─ Ac225─ │⁸55 ≤⌂╢⁹ 

⌐⅔↑╢ Ac- 225 ─ ┘ ─ ⁸╕√ ≤⇔

≡─ Ac- 225─ ┘ ─ ⌂ ⌐╟∫≡⁸Ac- 225 ─ │

⅝ↄ ╩ ↑╢↓≤⅜⁸ ─ ≤⌂╢⁹ 

Ac- 225 ⌐ ⇔≡╙⁸₈ ⱪכ♩♁▬▪○☺ꜝ ה ▪◒◦ꜛfiⱪ

ꜝfi₉⌐⅔™≡⁸ ╩ ∆═⅝ ⱪ≢№╢≤↕╣≡⅔╡⁸כ♩♁▬▪

₈ ₉⁸ ╩ ™√ ⅜ ↕╣≡™╢⁹ ≢│⁸ ≤⌂╢ Ra- 226 ─

⅜ ≢№╢↓≤⅜ ─ ≈≤⌂∫≡⅔╡⁸2022 ⌐ ⇔√ ─

⌐ ↑╢ ⁸ ⌐№√╡⁸ │ ⅜ ⌂ ╩ ∫≡™ↄ ⅜

№╢⁹ 
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3.4. 3 ⌂ ─ ( ⁸ JAEA- JOYOₒR2- R4x  

ₒR2- R3x  

2 │⁸(1) ≤⇔≡⁸₈ ₉⌐⅔™≡⁸Ra- 226 226Ra 

(n,2n) ⁸Th- 230  Th- 229/Ac- 225 ☺▼Ⱡ꜠כ♃ 230Th(n,2n)

╩ ∆╢─⌐ ⇔√ ╩ ─₈ ₉⌐⅔™≡ ⌂ ≢ ⇔√⁹ 

(2) ≢│⁸ ≢─Ac- 225 ⌐ ⇔√ ╩ ∆╢

√╘─ ⁸ ─♃כ♦ ╩ ℮≤≤╙⌐⁸  MK- IV ─ Ac- 225

╩ ⇔√⁹ 3 │ 2 ⌐ ⇔√ ⌐⅔™≡⁸Ra- 226

⁸Th- 230  Th- 229/Ac- 225 ☺▼Ⱡ꜠כ♃ ╩ ∆╢─⌐ ⇔√

─ ╩ ⇔√⁹ ╩ ↑≡⁸ ╩

⇔√⁹ ≤⇔≡⁸Be⁸Al ┘ Graphite ≢⁸Ac- 225─ ≢№╢ Th- 229─

─ ╩ ∫√ ⁸Be Graphite Al─ ≢ ↄ⁸╕√♃כ◕♇♩≤ ↕∑

╢ YD2 ─ ⌐ ™⁸ ─ ⅜ ╠╣⁸Ac- 225 ⌐│ ─

⅜ ≢№╢↓≤⅜ ⅛∫√⁹ ─ ≢│⁸ ↕╣√

╩ ™≡ 2 ⌐ ⇔√ ≤ ⌐Ɽꜝⱷכ◘♃כⱬ▬╩ ⇔⁸ ╙

⌂ ╩ ⇔√⁹ 

 

 

 ( 1)  ( JAEA- JOYO)  ₒR4x  

 3 ╕≢─ ┘ 3.4.2 ─ ╩ ╕ⅎ⁸₈ ₉ ⌐⅔

↑╢ Ac- 225─ ─ ─ ┘∕─ ⅛↕╩ ⇔√⁹ 

 

ᵑ ⅛↕  ♪כ◖

 ─ ⅛↕ ꜡ꜟ◌♥fi⸗ꜟ♃כ♩─╘√─ ⌐ ≠ↄ ╩♪כ◖ ⇔

√⁹ 3.4.3(5) - 1 ⌐ ⱨ꜡כ╩ ∆⁹ ☻Ɑ◒♩ꜟ⅛╠ ╩⁸

☻Ɑ◒♩ꜟ≤ ╠⅛ꜞꜝⱩ▬ꜝ♃כ♦ 1 ╩ ⅛↕ ⅝≢ ∆╢⁹ ⅛↕

─ ≢ ╩ ™≡ ┘ 1 ─ ─◘fiⱪꜟ☿♇♩╩

⇔⁸↓╣╠─◘fiⱪꜟ≢ ⌐╟╢ ORIGEN2.2 ╩ ⇔⁸Ac-

225─ ≢№╢ Ra- 225─ ─ ≤ ╩⁸ ─ ┘∕─

⅛↕≤∆╢ ╩♪כ◖ ⇔√⁹ 
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3.4.3(5) - ꜡ꜟ◌♥fi⸗ꜟ♃כ♩ 1 ⌐ ≠ↄ ⱨ꜡כ 
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ᵒ ┘∕─ ⅛↕  

 ≢ ⇔√ ╩♪כ◖ ™≡⁸₈ ₉ ⌐⅔↑╢ Ra- 225 ─ ─

─ ┘∕─ ⅛↕╩ ⇔√⁹ 

 ☻Ɑ◒♩ꜟ│ MCNP◖כ♪⌐╟╡ ⇔⁸MK- III ≢ ⇔√ ♪◦ⱷכ

♃⌐╟╢ ⇔√ ⌐╟╢☻Ɑ◒♩ꜟ▪☺ꜗ☻♩ⱷfi♩⇔√ ☻Ɑ

◒♩ꜟ≢ ⇔⁸ ≤⇔√ 3.4.3(5) - 1 ⁹ 

 

  ( 3.4.3(5) - 1)  

↓↓≢⁸ 

 

≢№╢⁹ 

 ☻Ɑ◒♩ꜟ─ ⅛↕│⁸MCNP◖כ♪⌐╟╢MK- IV ≢─ ⁸

╩ ⇔√ MK- III ≢─ ⌐⅔↑╢ ┘ ⌐╟╢ ☻

Ɑ◒♩ꜟ─ ╩ ( 3.4.3(5) - 2)⌐╟╡ ⇔√⁹ 

 

  ( 3.4.3(5) - 2)  

 

 1 │ ( 3.3.1(5) - 1)╩ ™≡⁸MCNP◖כ♪≢ ╘√ ☻Ɑ◒♩ꜟ≤

NJOY◖כ♪≢ ⇔√ ⅛╠ ⇔√ 3.4.3(5) - 3 ⁹⌂⅔⁸Ra- 225 ⌐

⅔™≡│⁸ ≢ 226Ra(n,2n) ⌐(n, ɘ)⁸(n,3n) ⁸(n,f) ╙ ⇔⁸

꜡ꜟ◌♥fi⸗ꜟ♃כ♩⌐ ⌐⅔™≡ ≢ ╢↓≤≤⇔√⁹╕√⁸ ─ Ra

⁸│♃כ♦ ≢ ™≡™╢ JENDL4,5⅜ ╩♃כ♦ ⇔≡™⌂™√╘⁸

JAEA ♃כ♦ Gr.─ ─ ⁸ ⅛↕ ⅝─ ╖ꜝ▬Ⱪꜝꜞ╩ ⇔≡ ™╢

↓≤≤⇔√⁹ 

 

 ( 3.4.3(5) - 3)  

 

 ∆╢ ☻Ɑ◒♩ꜟ ─ ⅛↕│⁸ ♃כ♦ ┘ MCNP≢ ╘√

☻Ɑ◒♩ꜟ─ ⅛↕⅛╠ ( 3.4.3(5) - 4)⌐╟╡ ╘√⁹ 

 

MCNP

= /
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 ( 3.4.3(5) - 4)  

 

 1 ─ ♃כ♦ ─ ⅛↕│⁸ ♃כ♦ ┘MCNP≢ ╘√ ☻Ɑ◒

♩ꜟ⅛╠ ( 3.3.1(5) - 5)⌐╟╡ ╘√⁹ 

 

 ( 3.4.3(5) - 5)  

 

 ⌐ 1 ─ ⅛↕│⁸ ∆╢ ☻Ɑ◒♩ꜟ ─ ⅛↕≤ 1

─ ♃כ♦ ─ ⅛↕╩ ( 3.4.3(5) - 6)≢ ⇔ ╦∑≡ ⇔√⁹ 

 

   ( 3.4.3(5) - 6)  

 

 ╩ 3.4.3(5) - 1⌐ ∆⁹₈ ₉≢ 60 ⇔√ Ra- 225─ ─ ╩

⇔√ │⁸ ≢ 18.7±7.5 GBq/g- 226Ra≤⌂∫√⁹₈ ₉⌐⅔™≡│⁸

⅛╠ FMF─ GB╕≢ 5 ⁸ ≢ 1 ─ 6 ⅜

≢⁸6 ⌐⅔™≡│ 14.1 GBq/g- 226Ra≤⌂╢⁹↓↓⅛╠⁸ ╙ ⌂Ⱶꜟ◐fi◓≤

⇔≡ 17.5 ≢ Ac- 225 ─ Ac- 227 │ ↄ ╩ ∆╢≤⁸42 ─

≢ 16.5GBq─ Ac- 225╩ ╠╣╢⁹ 

 

 ▪◒♅♬►ⱶ │⁸8 ≢ 3 ─ 6.4 MBq ≤─ ⅜№╢⁹↓─√╘⁸₈

₉─ Ɽ♃כfi╙ ╩☼כ♬ ⇔≡⁸ │ Ra- 225 ─ ╩ ⇔≡ 3

≢№╢ 45 ⁸8 ⅔⅝─ ⌐ ∆═ↄ ╩ 2 ≤⇔≡⁸ 6

◘▬◒ꜟ─ Ɽ♃כfi╩ ⅎ╢⁹↓─ │ ≤⇔≡ ≢№╢⁹╕√⁸

45 ─ │⁸1 №√╡─ Ra- 225─ │⁸15.4±6.2 GBq/g- 226Ra≤⌂╡⁸

∆╢ Ra- ╩♩♇◕כ♃226 g ∆╣┌⁸ ─ ⅜╪ UICC TNM stage IV

14,500 / ─ ╩ √∑╢ ⅜№╢⁹ 

 

 ₈ ₉⌐⅔↑╢ Ac- 225 ─ ╩ ™⁸ ⅛↕╩ ⇔≡╙ ╩ ╕

ⅎ√ ☼כ♬ ה ╩ ≢⅝╢ ⇔╩ √⁹ 
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3.4.3(5) - 1  

 

 1.0Ĭ10
8

 

Neutron 
 Flux 

Total Flux  
[n/cm/s] 

3.9Ĭ10
15

 

Error 14.0% 

X-sec 

Reaction (n,Ὕ) (n,2n) (n,3n) (n,f) 
1Gr.X-sec  
[barn] 

2.6E-01 2.0E-03 5.2E-06 3.8E-05 

Error :Ѝ(1.
2
+2.

2
) 39.9% 37.0% 59.7% 25.4% 

1. Neutron spectrum 35.0% 32.1% 54.4% 23.3% 
2. Nuclear data 19.0% 18.4% 24.6% 10.2% 

 

225
Ra  

[GBq / g-
226
Ra] 

18.7Ñ7.5 

Error 40.0% 
 

 

 

 

 

 

 



 

 3.4. 4- 1   

3.4.4 ╖ Ra- 226⅛╠─ Ac ⁸Ra- 226 JAEA ₒR2- R4ₓ 

  2 │⁸ ≢ ⇔√ Ra ⅛╠ Ac- 255╩ ⌐ ⇔⁸╕√⁸   

Ra╩ ∆╢√╘─ ╩ ⇔√⁹ ꜠☺fi ⌐ N, N, N' , N' -

tetra - n- octyldiglycolamide TODGA 3.4.4 - 1(a) ╩ ⇔√ DGA꜠ ☺fi ┘

di(2 - ethylhexylorthophosphoric acid HDEHP 3.4.4 - 1(b) ╩ ⇔√ Ln꜠☺fi⁸ ┘

⌐ ꜠☺fi ⌐MnO2╩ ⇔≡ ⇔√MnO2꜠☺fi╩ ⇔√⁹ 

 

3 │⁸DGA꜠ ☺fi⌐╟╢ Ac ⱪ꜡☿☻╩ ♪ꜟכ◖─╘√╢∆ ╩  

⇔√⁹DGA꜠ ☺fi◌ꜝⱶ⌐ ⇔≡⁸La Ac─ │⁸0.5 4 M≢ 100 % ∆╢⅜⁸Ba Ra

─ │⁸0.01 4 M ≢ ⇔⌂™⁹꜠☺fi⌐ ↕∑√ La│⁸0.001 0.01 M

≢╒╓ 100 % ≢⅝╢⁹╕√⁸1 M ≢ La(Ac)╩꜠☺fi⌐ ⇔√ ∆╢ Pb⁸ 

Th⁸Bi ⅜ ∆╢⅜⁸0.1 M ╩ ∆╢↓≤≢ Pb╩ ⌐ ↕∑ ∆╢↓

≤⅜ ≢№╢⁹∕─ ⁸0.01 M ╩ ∆╢↓≤≢ La(Ac)─╖╩ ↕∑

⅛╠ ∆╢↓≤⅜≢⅝╢⁹DGA꜠ ☺fi◌ꜝⱶ│ La ⌐ ≢№╢↓≤⅜ ≢⅝√

⅜⁸Ba(Ra)⌐≈™≡│ Cs⁸Te⁸Tl ⅜ ─ ╩≤╡ ∆╢√╘⁸DGA꜠ ☺fi⌐╟╢

│ ≢№╢⁹DGA꜠ ☺fi┼─ La │⁸DGA꜠ ☺fi◌ꜝⱶ 2 mL№√╡ 12.6 mg≢

№╢↓≤╩ ⇔√⁹ 

 

Ac Raה ₒR4x  

4 │⁸Ra ⱪ꜡☿☻╩ ∆╢√╘⁸Ln꜠☺fi ┘MnO2꜠☺fi╩ ™╢

╩ ⇔√⁹Ac⁸Ra ┘ ⌐╟╡ Ra♃כ◕♇♩ ⌐ ↕╣╢ ─

ה ╩⁸ 3.4.4 - 1⌐ ∆ ─ ╩ ♪ꜟכ◖╢™ ⌐╟╡ ═

√⁹╕√⁸ 3 ┘ 4 ⌐ ♪ꜟכ◖√⇔ ≢ ⇔√ⱪ꜡☿☻╩

∆╢√╘⌐ Ac≤ Ra╩ ™╢ⱱ♇♩ ╩ ⇔√⁹ 

(1) ה   

ᵑ  

≤⇔≡⁸Ln꜠☺fi Eichrom 50- 100 ɡm 2 mL ┘ MnO2꜠☺fi

Eichrom 75- 150 ɡm 2 mL ╩☺♇ꜞ♩כ◌─ ™√⁹ 3.4.4 - 2⌐

ה ⌐ ™√ ╩ ∆⁹꜠☺fi◌ꜝⱶ┼─ │⁸ ⱴ♬ⱱכꜟ♪╩ ™≡

1 mL/min─ ≢ ∫√⁹ 

ה ─ ╩ 3.4.4 - 3⌐ ∆⁹Ln꜠☺fi│⁸ ⌐ 1 4 M 10 50 

mL╩ ⇔≡ ╩ ⇔√⁹Ac ┘ Ra─ ≢№╢ La ┘ Ba─╒⅛⁸Tl⁸

Pb⁸ Bi⁸Te⁸ Cs⁸Th 20 ppb ╩ ╗ ╩ ≤⇔≡ ™√⁹

⌐⁸꜠☺fi─◖fi♦▫◦ꜛ♬fi◓≤⇔≡⁸ ∆╢ ≤ ∂ ─ 10 ml╩

◌ꜝⱶ⌐ ⇔√⁹ ⌐⁸ ╩ ⇔ ╩₈ ה ₉≤⇔≡ ⇔

√⁹∕─ ⁸ ≤ ∂ ─ ╩ 10 mL ⇔≡◌ꜝⱶ⌐ ⇔⌂

™ ╩ ™ ⇔⁸↓─ ╩ ─₈ ה ₉≤ ╦∑√⁹◌ꜝⱶ⌐ ⇔

√ ─ ∆╢√╘ ─ ⌂╢ ╩ 10 ml ⇔≡ ∆╢ ╩

⇔₈ ₉≤⇔√⁹ ─ ╩⁸ICP- MS⌐╟╡ ⇔√⁹ 
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─ ╩ ═╢√╘⁸Ln꜠☺fi⌐≈™≡│⁸ ─

╩ 0. 002 1 M─ ≢⁸ ─ │⁸ ╘ ─ ╩ 0.002 M

⌐ ⇔≡ ↕∑⁸ ─ ╩ 0.01 2 M─ ≢ ↕∑√⁹⁹MnO2꜠☺

fi⌐≈™≡│⁸ ─ │ ╩ 1×10- 4 M⌐ ⇔⁸ ─ ╩ 3

×10- 4 2 M─ ≢ ↕∑√⁹ 

 

ᵒ  

─ ┘ │ ─ ⅛╠ ⇔√⁹ 

  ( %)  = 
ה ─

─
×100  

  ( %)  = 
─

─
×100  

 

ᵓ  

1) Ln ꜠☺fi 

Ln꜠☺fi◌ꜝⱶ⌐ ∆╢ ─ ─ ╩ 3.4.4 - 4(a)⌐ ∆⁹La

Ac │⁸0.002 0.1 M ≢ 100 % ∆╢⅜⁸1 M≢ ⇔⌂⅛∫√⁹Ba Ra

│⁸0.002 M ≢ 100 % ∆╢⅜⁸0. 01 M ─ ≢ ⇔⌂⅛∫√⁹ ─

⌐≈™≡│⁸Th│ 0.0 02 1 M ≢╒╓ 100 % ⇔⁸Bi │ 0.0 02 0.1 M

≢╒╓ 100 % ⇔ 1 M ≢ 50 %╕≢ ⅜ ⇔⁸Te⁸Cs ┘ Tl │

0.002 1 M ≢ ↕╣⌂⅛∫√⁹Pb│ 0.002 0.01 M ≢│╒╓ 100 %

∆╢⅜⁸0.1 M ─ ≢│ ⇔⌂⅛∫√⁹ 

0.002 M ─ ≢꜠☺fi⌐ ↕∑√ ╩ ↕∑√ ─ ─

╩ 3.4.4 - 4(b)⌐ ∆⁹La│⁸0.01 0.1 M≢│ ∑∏⁸1 M ─ ≢╒╓ 100 %

⇔√⁹Ba│ 0.01 M ─ ≢╒╓ 100 % ⇔√⁹0.002 M ≢ ⁸0.1 M

≢ ⇔≡ ⇔√ Ba(Ra) ─ La(Ac)─ │>100≢№∫√⁹╕√⁸0.002 M 

≢꜠☺fi⌐ ⇔√ Ba(Ra)⌐│ La⁸Pb⁸ Th⁸Bi ⅜ ∆╢⅜⁸ ╘ 0.01 M ≢

╩ ⌐ ↕∑√ ⁸0.0 02 M ≢ Ba(Ra)─╖╩ ↕∑ ∆╢↓≤

⅜≢⅝╢ 3.4.4 - 5 ⁹ ∫≡⁸Ln꜠☺fi◌ꜝⱶ│ Ba ⌐ ≢№╢↓≤⅜ ≢⅝

√⁹La(Ac)⌐≈™≡│⁸Bi ⅜ ─ ╩≤╡ ∆╢√╘⁸Ln꜠☺fi⌐╟╢ │

≢№╢⁹ 

2) MnO2꜠☺fi 

1×10- 8 1×10- 4 M≢ Ba⅜ ∆╢↓≤⅜ ╠╣≡™╢√╘⁸ 1×10- 4 M

≢꜠☺fi⌐ ↕∑√ ╩ ↕∑√ ─ ─ ╩ ═√⁹ ╩

3.4.4 - 6⌐ ∆⁹꜠☺fi⌐ ⇔√ La Ac ┘ Ba(Ra)│⁸ ⅜ ∆╢⌐≈╣

≡ │ ↄ⌂╡⁸La Ac │ 0.1 M╟╡ ─ ≢⁸Ba(Ra)│ 0.5 M ─

≢ 100 % ⇔⁸ ─ ≢№╢↓≤⅛╠ │ ≢№╢⁹╕√⁸

⇔√ Cs─ 10 % ⅜ Ba⌐ ⇔≡ ∆╢⁹↕╠⌐⁸ ⅜ ∆╢⌐≈╣≡

─Mn⅜ ⇔ ⌐ ∆╢↓≤⅛╠⁸ ≤⇔≡ ∆╢↓≤│ ≢№╢⁹ 
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(2)  ─  

ᵑ  

Ln꜠☺fi◌ꜝⱶ│⁸ ה ≤ ⌐ ╘ ⇔⁸0.002 M ≢◖fi♦▫◦ꜛ♬

fi◓⇔√ ⁸ Ba:509 ppm╩ ╗ 0.002 M ╩ ⇔⁸ ╩

↔≤⌐ ⇔√⁹ ⇔√ ⌐ ╕╣╢ La ┘ Ba╩⁸ICP- OES⌐╟╡ ⇔⁸

╩ √⁹ 

 

ᵒ  

│ ⅛╠ ─ ╩ ™≡ ⇔√⁹ 

  = La ×ôò0
V 

La

La
dV  

ᵓ  

╠╣√ ╩ 3.4.4 - 7⌐ ∆⁹Ba│⁸ ⅜ 8 mL ≢ ⅜ ╕╡⁸

⅜ 40 mL ≢│╒╓ ↕╣∏⌐ ⇔√⁹ ╠╣√ Ln꜠☺fi─ Ba

│⁸Ln꜠☺fi◌ꜝⱶ 2 mL№√╡ 7.0 mg≢№∫√⁹ 

 

3 ↕╣╢ ⱪ꜡☿☻ 

3.4.4 - 8⌐ 3 ⌐ ⇔√ ⅛╠ ↕╣╢ Ac- 225─ ⱪ꜡☿☻≤

4 ⌐ ⇔√ ⅛╠ ↕╣╢ Ra─ ⱪ꜡☿☻╩ ∆⁹ ─ Ra

╩ ⇔√ ╩ 1 M ≤⇔⁸DGA꜠ ☺fi◌ꜝⱶ≢ Ac- 225,227╩ ↕∑╢⁹↓

─ ⁸Pb⁸Bi⁸ Th╙ DGA꜠ ☺fi⌐ ↕╣╢⁹ ╩ ⇔√ Ra ╩ Ra- 225/Ac- 225

☺▼Ⱡ꜠⁹╢∆≥♃כ ⌐ √⌐ ∆╢ Ac- 225╩ 1 M ≢ DGA꜠ ☺fi⌐

↕∑ Ra- 225≤ ⇔⁸0.01 M ≢ ∆╢⁹╕√⁸La─ ⅛╠ ∆╢≤

Ac- 225─ │ DGA꜠ ☺fi 2 ml№√╡ 22 mg≢№╡⁸Ra 1 g ⅛╠ ╠╣╢ Ac╩

∆╢⌐│ 0.5 ml─꜠☺fi⅜ ≢№╢≤ ↕╣╢⁹ 

Ra─ ⱪ꜡☿☻⌐≈™≡│⁸Ac- 225─ ⁸0.002 M ≢ Ra╩ Ln꜠☺fi⌐

↕∑ Fr ─ ≤ ⇔⁸0.1 M ≢ ∆╢⁹╕√⁸Ba─ ⅛╠

∆╢≤ Ra- 226─ │ DGA꜠ ☺fi 2 ml№√╡ 11.4 mg≢№╡⁸Ra 1 g ⅛╠

╠╣╢ Ra╩ ∆╢⌐│ 175 ml─꜠☺fi⅜ ≢№╢≤ ↕╣╢⁹ 

╩ ♪ꜟכ◖√™ ≢ √ ╩ ∆╢√╘⌐⁸Ac- 225≤ Ra- 226╩

™╢ⱱ♇♩ ╩ ⇔√⁹DGA꜠ ☺fi ┘ Ln꜠☺fi─ ה ≤ ╩ɖ

⇔≡ √ɖ☻Ɑ◒♩ꜟ╩ 3.4.4 - 9⌐ ∆⁹DGA꜠ ☺fi≢│⁸ ה ⅛╠

Ra- 226⌐ ↕╣╢Ⱨכ◒─╖⅜ ↕╣√⁹╕√⁸ ⌐│ Ac- 225─Ⱨכ◒─╖

⅜ ↕╣√⁹Ln꜠☺fi≢│⁸ ה ⌐│ Ac ┘ Ra│ ↕╣∏⁸

⅛╠ Ra- 226Ⱨכ◒─╖⅜ ♪ꜟכ◖⁸╡╟⌐╣↓⁹√╣↕ ─ ╩≤╢↓

≤⅜ ≢⅝√⁹  



 

 3.4. 4- 4   

3.4.4 - ╡╟⌐ORIGEN ♪כ◖ 1 ⇔√⁸ ─ Ra

⌐ ╕╣╢ ≤∕─ ┘  

  /Bq  /g  ⇔√  

He 0 9.64×10- 6 -  

Tl  8.43×109 1.14×10- 9 Tl  

Pb 8.23×1010 7.60×10- 5 Pb 

Bi  8.22×1010 4.68×10- 5 Bi  

Po 1.19×1011 1.39×10- 7 Bi, Te  

At  3.71×1010 6.15×10- 13 -  

Rn 4.49×1010 6.39×10- 6 -  

Fr  3.73×1010 5.58×10- 9 Cs 

Ra 7.55×1010 9.94×10- 1 Ba 

Ac 5.19×1010 5.54×10- 3 La 

Th 1.13×1010 4.99×10- 5 Th 
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3.4.4 - 1 TODGA( a)≤ HDEHP(b)─  

 

 

 

 

 

3.4.4 - ה 2 ─  

 

  

(b)(a)


