
 
 

 

ᶇ ═ ᶍ
ᶊᶧᶪ═ RIᶍ

ᶽḕḳ᷃ᴻ ᶊ ᵸᶪ  ⱳ (2023/09/15)

RI: Radioisotope ֩ ∞ )
R֩Iᶎ ♣ ᶆᵡᶩᴲ ᶆᶎ ᵣᶨᶫᶉᵣ֪



2
20211215_ 2 RI

2  RI 1



RI  

¥ ȋȍȦȱºɀ 2022 ȋȍȦȱºɀ

ÅSPECTǚǡ Ǟ
Å ═ ǡ 8 ȅ ǴǾ

Å ┌ǡƵǾ ǡʀ Ǟ
Å2016 ∙סּ 3



 RI 

Å 2008 7

Å

Å 2011 7

Å

5

ÅJAEA JMTR2012 2017

Å (

) Mo-99/Tc-99m

2017 JMTR

Å 2018 8

Å RI

Mo-99

4



Mo/Tc



6
20211215_ 2 RI

2  RI 1

RI



7
20211215_ 2 RI

2  RI 1



99Mo/99mTc

Å Mo-99 HEU

Å HEU LEU

Å (n,ɹ )

10

n,ɔ n,2n



5 PWR Mo/Tc

11

Å

Mo
7

Å  3600mm  MoO3 

4 1
PWR

(1000 Ci)  6 



225Ac



13

2019 4 11
Ҝ
2019 5 23 JAEA
2019 6 14 JAEA
2020



14



15

Ŭ
Targeted Alpha Therapy (TAT)

ᶊ ┌ᵶᵾᵫᶲ

225 Ac
ֺʀ ᶱ ᵸᶪ ᶍ )

ᵫᶲ ᶍ ᶊ
ᵶᶣᵸᵣ

L֩igand ֪

ᵫᶲ ᶍ ᶍᶞ
ᶊ ᶊ

Åᵫᶲ ᵪ 2ʝ25 Acᵫʀ ᶱ

Åʀ ᶎ ᵮᴲᵫᶲ ᶱ

ʀ ᶍ ֹ

Å ᵪᶨ ᶣ ᶹᶿḻᶱ ᵸᶪ ᶇ│ᶉᶩᴲ

ᶆ ᵸᶪ

Åʁ ᶧᶩ ᵫ ᵮᴲᶽḕḳ᷃ᴻᶱ ᶊ

Å 225 Acᶎʀ ᶱ4 ᴲᶽḕḳ᷃ᴻ

Ĥ ᶍ ᶱ ᶊ ᵧᶃᶃᴲ וֹ ᵫּס



( )
(1959 ) BNCT

16

100kW TRIGA (TRIGA-II)

Patients
treated

1976 2
1977 12
1978 12
1979 7
1980 5
1981 5
1982 7
1983 13
1984 9
1985 1
1986 5
1987 11
1988 9
1989 10
Total 108
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BNCT

http://www.aec.go.jp/jicst/NC/iinkai/teirei/siryo2018/siryo16/siryo1.pdf
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spallation

226Ra Neutron addition 226Ra Photon 

Nuclear 

Reaction

226Ra Nuclear 

Transmutation

230Th Neutron 

Addition

233UŸ
229ThŸ
225RaŸ225Ac

232Th(p,x)225Ra

Ÿ225Ac

226Ra(3n,2b)229Th

Ÿ225RaŸ225Ac

228Ra(n,g)229Ra*Ÿ
229ThŸ225RaŸ225Ac
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Ÿ225Ac

226Ra(g,n)225Ra

Ÿ225Ac

226Ra(p,2n)225Ac 230Th(3n,a2b)229Th

Ÿ225RaŸ225Ac

230Th(n,2n)229Th

Ÿ225RaŸ225Ac

Machine 229Th Solution 

Natural

Process

Lage Scale 

Accelerator

(>100MeV)

Nuclear Reactor Linear Accelerator Small Scale Accelerator

(<25MeV)

Nuclear Reactor

Institution ORNL

TerraPower

Tri-Lab, 

NorthStar

ORNL ANL

NIOWAVE

JRC,ZAG

DKFZ

JAEA

JRC TRIUMF OBRINSK* TRIUMF SCK-CEN

IPPE INR JAEA CNEA/IAEA

CNL CERN NPI

KIRAMS

QST

TRIUMF

Topic

63 GBq/y

FDA DMF R2~R4

2026

370 Bq Ac-

225

R2~R4
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JOINT IAEA-JRC WORKSHOP SUPPLY OF ACTINIUM-225
IAEA, Vienna October 2018
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ᴴ ᶍ №
ᴴ סּ ᶱ

30  mCi (1.11 GBq )

ᵼᶍ 220 mCi (8.14 GBq )

ᴴ ᶍ ᶊᶧᶪ ᶍ №
ᴴ ᶩ ᵰ ᶍ ᶩ ᶞ

177 mCi (6.55 GBq )
5ֹ7 mCi (2.11 GBq )

IAEA
Global Radium -

226 Management 
Initiative

ᴴ נּ
ᴴ ḩᴻḳᶆ ᶞ
2H023/6/5 9 Technical Meeting(web) נּ 1ֹ00  Ci  3֩.7 TBq ֪

ᵡᶩ 2ֹ2  Ci 0֩.81TBq ֪
2ֹ7 Ci 1֩.0TB ֪
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Å1898

Å 1600
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Å 225Ac
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1ton

U-238 993 [kg] U-235 7.20 [kg]

U-234 53.4 [g] Pa-231 330 [mg]

Pa-234 2.17ú10-10 [g] Th-231 2.93ú10-8 [g]

Pa-234M 4.81ú10-10 [g] Th-227 4.99ú10-7 [g]

Th-234 1.44ú10-5 [g] Ac-227 0.215 [mg]

Th-230 16.2 [g] Ra-223 3.04ú10-7 [g]

Ra-226 338 [mg] Fr-223 5.61ú10-12 [g]

Rn-222 2.17ú10-6 [g] Rn-219 1.20ú10-12 [g]

Po-218 1.20ú10-9 [g] Po-215 5.29ú10-16 [g]

Po-214 1.04ú10-15 [g] Po-211 4.21ú10-16 [g]

Po-210 7.42ú10-5 [g] Bi-211 3.74ú10-11 [g]

Bi-214 7.56ú10-9 [g] Pb-211 6.31ú10-10 [g]

Bi-210 2.69ú10-6 [g] Pb-207 582 [kg]

Pb-214 1.02ú10-8 [g] Tl-207 8.15ú10-11 [g]

Pb-210 4.35 [mg]

Pb-206 894 [kg]

1ton טּ

ORIGEN 29
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230ThO2 pellet
or

226RaO2 pellet

4.2m

PWR Ac- 225
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Mo-99/Tc-99m Ac-225
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Mo-98(n,ɹ )

Ra-226(3n,2̡ )

Th-230όоƴΣнʲʰύ

Joyo)
Mo (n,ɹ ) Ra-226(n,2n)

500 Ci/week  1 Ci/year
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Å

Å SRS
DOE 1998

Å 12.3 5.5%
Ҧ{w{

Å1988-1992 : (HWR) (HTGR)
(LWR)

Å1995-1998 : DOE
(dual use)

ÅDOE PNNL TPBAR
(PIE)

Å2000 : DOE
TPBAR

Å2002 : DOE Watts Bar
NNSA(National Nuclear Security 

Administration= )

Å TPBAR

(WABA, IFBA) ( WABA

TPBAR(Tritium Producing Burnable Absorber Rod)


