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TerraPower looks to turn DOE’s waste uraniu
actinium-225

Thu, Aug 6, 2020, 12:12AM

Around the Web

An article recently published in Cl

News describes TerraPower’s effq
actinium-225, a radioisotope witH
from highly radioactive uranium-:

Department of Energy and slated
others are working to ramp up pr
using a linear accelerator or cyclof
to harvest between 200,000 and
from U-233 to increase the global

This vial contains traces of actinium within
uranium. Photo: Isotek

bxture of thorium and

Disease-fighting potential: Ac-225, with a half-ife of 10 days, is currently being studied in clinid
treatment that make use of the alpha particles emitted from its radioactive decay. Because alpha |
short distance through the body—about the diameter of two or three human cells—there’s minil
tissues beyond the target. And attaching Ac-225 to drugs or antibodies that target diseased cell§

Bill Gates and like-minded visionaries determine the private sector

radiation to where it is needed. No actinium-based drugs have yet been approved by the U.S. F
Administration. Currently, Ac-225 is produced in small amounts at Oak Ridge National Laborator must act to develop clean energy resources to halt climate change

Laboratory, and Los Alamos National Laboratory. and to raise global living standards.

Milking the thorium cow: Isotek has been contracted by the DOE to eliminate the nation’s rema
radioactive U-233, which has a half-life of 160,000 years and decays to thorium-229, which itself
years, decaying to Ac-225. Isotek isolates Th-229 and ships it to TerraPower. TerraPower plans to
developed method of producing Ac-225 called “milking the thorium cow.”
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Accelerator Production via 232Th(p,x)22°Ac:

Initial R&D Promised Significant Impact
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Fig. 1. Experimental and theoretical cumulative cross sections for the formation of
5Ac by the proton bombardment of thorium.

Facility investments at IPF and BLIP have increased our projected production capacity
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IAEA

International Atomic Energy Agency
Atoms for Peace and Development

The Global Initiative to Recycle 226Ra
for the production of 225Ac.

Juan Carlos Benitez-Navarro
WTS, Division of Nuclear Fuel Cycle and Waste Technology
Department of Nuclear Energy

Countries B (Ra226 Recipients)

Country Profils I
)

Country Canada Country
Contactpoint  Peter D'Amico & Richard Dufour Gontaet point
E-mail peter damicog@enl.ca of richard.dufour@enl ca E-mail

Gountry Profil ia ‘
ountry Profile

v Rﬁ

Unit K

hris
qumas@he\sqnvnk

Recycling now  No
Recycling in plan NA

Country Profile -I

Couniry Australia Couniry Indonesia

Contact point  Dr. Kapila Fernando - Manager Nuclear wasle Solutions Contact point  Hendra Adhi Pratama

E-mail Kfe@ansto.gov.au E-mail hendrad1@batan go.id or hendra_adhipratama@brin go.id
Recyeling now Recycling now o

Recycling in plan Planning fo recycle Ra226 in the next 1.2 years Recycling in plan Planning to recycle Ra226 in fhe next 5-10 years

Country Profile - Couniry Profile -

Country Russia Gountry Russia
Contact point  Andrey Muratov Contact point  Konstantin Bugrov - Maxim Semenow
E-mail AnAMuralov@rosatom.ru E-mail mayak@pe-mayak.ru - cpl@po-mayak.ru
Reoycling now Recycling now s

Recycling in plan Planning fo recycle Ra226 in the next 2-5 years Recycling in plan Planning fo recycle Ra226 in the next 1-2 years

Country Profile -

Recycling now
Recycling in plan Planning fo recycle Ra226 in the next 5-10 years

Country Profils

Country Russia
Contact point  Igor Pron
E-mail IgAPron@raden.iu

Recycling now
Recycling in plan Planning fo recycle Ra226 in the next 12 years
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Creation of Harmonious Diversi
—

Thank you for your

attention.

Stay safe and
healthy!
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®aosT
SHEBICHITSE. M0-99/Tc-99mORIE(CHIT/=HiH
- {al.))

o Flm:
o TC-99MODNLREFRIE : /NELTO RSN BN, YPIERY(C(ETC-99mDEIE(S R e
o Tc-99MODXIBHEE 99%(FIERKL TS D RIREMEN D
o INEEF, 1uAx1h®rH, #8-10 mCi (IRIF—IXEE)
o A~RZAMI24 MeV, 18 MeVTERIAE (=T ORERSEF) | 12 MeVIZENMRDEELL
o BIVFETHESIND P°MTcO,~ \=FIFTAK) THNILFIABIEENELNEL

o Rm:

o  TCc-99IMODIMRERRIS : [RFIF TEIESNS Mo-99 DIRZIBEL TSNS Tc-99m ZHITRE L
FA - mBERILAHI FNEIZL CL\BIes, BEIIEA TS Tc-99m OEFAICFERENZL)

o [RERITHDIEME Mo-100 DHEE(CPRFENSHD, ENC Tc-96, -94 BRENET D, INSHEVIRILF
—DADNIREH L MERERBLEEAFORS BELRD

o Tc-99m ODILIRGTREMEL, FIER TIFTHLE 999/99m =3: 1, BsfEliFBe H(CEL TS, —Hb
DEEIARF TSR

o Tc-99m RAILL TREZAHLSNDES > FRA| (MDP, HMDPRRE) THIABIHECERNDNSN,
—HEBORA] (Fyb) (HMELEREIREDTHIRME N EERE DD ERMEL TORFAGRIEST
EAW

o Mo-QOMNIERERELE : BHFDS TR — SNBSS (A% SFAC, Mo-99 ZNIEESELE I 3(C (S AR
HUE., BIETEIOR40 MeVIL_EATRAE, IRIC40 MeVOBBSTIEIAEICASTE, Mo-99MIRE
(& 3 mCi/uAhEBKRL

e F. Mo-100 OFRIC Mo-99 HERTBI%. BHEDSTRL — LI T MISKBRBITRL 4
— DB, BIX SRy ML PAHBZ B DL SRR (53 RiAH

. WELE BFSOBABBEBH=TEE. EREHENCHED TRLL 35



sEER . KERHE (—)) BHZ2—4v  BE OBRE >

[J:f)‘l;)] X _’7’/]‘ FIEﬁ

(1 h 5] = 7 A EIK
E— I A - % TBIRZE
L
§§R§EE J/
]\%j-/%c\l o EF_\’ /// 7 ///
Al, 50 pm T .
» 2307
® ERE#HX—4F v AR
SAMEEEEE =Ty KA (19Mo0x) % HNENZE [E] ~EFE - 8718 (130-150 °C)
® ik (REtt) HrouEE (EFf) ~:
E— LB EICERITI-EERIRDERE~, IR Mo &z LRk
@ GHEMLEE

E—LETAMICH L TR A2 2 =7 v FTHZERD, HEIC Mo BZRHFAT D
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SEER . 42—4y F BRENIICHTE X #7= 100MoOx B Dl QST

Mo £ — 4y bR

1500 mg in 10 cc-H,0,

E—LAFBL bR

ALIBRERE

=158/ G-5mmBOFTH - &i@) s 7o
B =05 B (FRE | TR A A STk & L CEIR) K=Ty MTHZER

* |AEA Radioisotopes and Radiopharmaceuticals Report No. 2 — Cyclotron based production of Technetium-99m (2017)

https://www.iaea.org/newscenter/news/crp-success-story-f22062-accelerator-based-alternatives-to-non-heu-production-
of-mo-99/tc-99m-2011-2015 37



s£%R: BEBHAZ—Fv F 5 o QST

( 00 pl
Coolant out ! ResHrm
Flange = [
O-ring % ﬁ
Nb foil -
O-ring /
N
Al chassis
Recess

O-ring

Al chassis (bottom)
O-rings (coolant path)

® LI ARBAERROX—7 v b THEBETATEE LS
— BERARETCE-—LHTELICKETE S EEBEAZ -4y FXF—3 3 VA
> o 0O v S 27T N — T N2 )L T —
® Z—7 v FBRERNILTAMA]EE 2Ty P EETLE
— RIETAE(SIC) DEWIEEMIZ LV
R Ras & AR TN D
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SEER  10Vo B - 9Tc HEHREE () &QsT

in TARGET ROOM ‘ in HOT CELL
i
i
N2 N2 i
i
. . . I
reservoir Ségr;aelcilssolvmg ﬁ . reservoir
nc 3 |
-way
8(?0 S S 2 solenoid :
com
I
& 3-way i
rotary i
i
=3 exhaust | !
reagents :
target [1]-[5] i
1
‘\_ EEE L . 3 :
b
g EQEIE]
N2 reservoir
filters w/ rgnt. [11]
reagents
[] quartz wool [6]-[10] 49 B
== 0.22-vented if]& Hb E/\j L\_ Lj:
i e faray
reservoir |
A T_]—

€ 0Oy LR Z FEDH A VIZEEER

— B Y[EER, EEERHBTEHY bEILICEREREA [EUX
¢ HREENE FFICOEEFE % EE

—  2TEFED Tc EIRAUHEBE 4RI A 27 A B (TEVA, Analig)



SEEH . BE SEFEORREL/S:  xsowe: sEnootcsr (@ QST

BESZF ¢ Ep = 18 MeV (nominal) on 1Mo
Bt —o7 v b — 5.6 = 0.34 mCi/pA-1 hirrad. (up to 15 pA)
-

BEE LT 100 mCi/ 15 pA-3 h-irrad.

TTERRX—7 v b —— 8.0 £ 0.05 mCi/pA-1 hirrad. (up to 12 pA)
g o

BlEE LT 165— 185 mCi/ 10-12 pA*3 h-irrad.

5% n -3

B 5 (10 cc) 88.9+t6.0 @
TEVA 5% 25 0.2%0.1
m &b
*rlc DBEENE P 100\ o [E] 4N 4 29+2.4
RIBEE 100Mo frE T 4 )L X 1.6 1.0
AnaLigﬁ‘B’J 3.9+1.4

Analig @ (TEFRER) 2.5%3.2
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SEER T 8 RETEORE2/5 GENE

-

@QST

EIVFS | LOG T 3696
= AT 3908

Counts(in x10%)

i: . 162 [ 14044  kev] 511790 Cnt 1023

RFEHL (99mTc/100Mo BB TR R)
2.5 h from EOB

EhyFS LOG LT 2908
= RT: 3213

A 511keV E

i o 162 [ 14044  keV] 320852 Cnt 1023

—

BB ("Tco,” ZKIBR)
4.5 h from EOB

Ey

FRATHE T B D
somTc B

=99.9%+

URZE (/1 pA-1 h irrad.) R4

Tc-99m ( 6.0 h) 8.0 mCi Mo-100
Mo-99 (66 h) 2.6 uCi Mo-92
Tc-94 (4.9h) 0.033% of °™Tc at EOB Mo-94
Tc-95 (20 h) 0.036% Mo-95
Tc-96 (103 h) 0.012% Mo-96
Nb-97 (1.2 h) (5.2%) Mo-97
Mo-98

*CoA, Trace Science International, Inc.

99.6 atom%
<0.004%
<0.0018%
<0.0014%
<0.0013%
<0.0015%
<0.39%
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%}%ﬁ*ﬂ- . %"" |:| quﬁa)%% 3 /5 . 99%8Tc in 99mTc (ground state in meta-stable) "".)Q_ST

N (atoms)

20000
A 15000 ¢} —
[Not in scale] "
Y & 10000 |
5000 ¢}

99mT¢, totally produced

=Cy'A'T

=1.93x1013 (atoms) 0 o eafonal,

P v 90 9 100 105 110
——————————— // == m/z
// 10000
999T¢, directl ted ; :
/ (4C87 IEC1 )ég)ifl%rg e (<1 ppm in the final prod.)
~ = 2.94x10%3 (atoms)
999Tc from %°mTc decay //\ 1000
4 T (time) 800 | e
where A : Decay constant for °™Tc
1 hirradiation T : Irradiation time 600 |
=1—e™MT C, : Considered saturation yield of ®*™Tc at 10 pA 4
= 10.9 (sat%) (*C, is only applicable in this condition) O
400 |
200 |,
/ . 0 UV L < aAs
1 KA BB 5T TR 7= 38 TR - 90 95 100 105 110
m/z

@® 15.8mCi(1.83 13 atoms) of Tc-99m
® 5Bq (4.87 £13 atoms) of Tc-99g (BB ETH#R T H> © FF1£)



%%ﬁ*ﬂ- . %iﬁ- |:I|=|I:| quﬁa)%% 3 /5 . 9%Tc in ¥mTc (ground state in meta-stable) @Q_,ST

g/ mlb (BIEHDKE < 43T ELLRSEHNET =EmE)

B8 BY A5 S [h]
1(11%) 1.67 2.77 3.74
2 (21%) 1.82 o 2.99 4.02
3 (29%) 1.98 3.21 4.30
6 (50%) 2.49 3.93 5.21
12 (75%) 3.65 5.57 7.27

V %) V2L —2hkORHE ()

BT 5> DRI [h]

@ IR o - T B 3 0.06
BEAAHT A 2L —XHED 2 0.12
9OMTc & DELER T, ¥ D LT aE 3 0.18
(HEmRELNAD 12 7F Y T 1) 6 0.39
12 0.87

24 2.11 @]
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SEER : WG REMEOBEREAL/S ¢ msiensE oTco,)  (YQST

ZVFERB/ AT NI T T 4 —IC & BEH
ML FHIRLE = 99%+
EEESES

Silica-gel 60; 100% methylethylketone
TVFRAF¥ NS,

Marita system (Raytest)

V ZoftiER (HAEBS 16kk ©°m1co, (2B - 7238)%E)

FAE R Ui

ET ) < 5% 99%+ (Radio-TLC)
TRETHR D[R E 0.140 MeV photopeak HESY (HPGe)

pH 4.5-7.0 5.78 (pH meter)
da=2ioE Nty A3+, < 10 pg/mL <1 ppm (FERAK)
=BT 0.9-1.1 (£ & ) 1.01 (RBEET)
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moae * & QST

EER . BE.-SEFMEOERS5/5 EHERRD 9TcO, i

HOOC, S, ] .S~ aCOOH
Te
"
S ‘S\I\:COOH

HOOC

OEtEtO OEt
tetrofosmin, (Myoview®)

(OVER MR 22 I 38R
. .1 . B T2 ™ sn(oH),
_.. ,_

0
chIN# §TCH3
¢ - -
H4C "N”CHs - -

]&—ﬁ
EtO
(Kidney-scinti®)

dimercapto succinic acid,
EXJ;—& 70N IZI/ ’EK

-

-
R4

H
exametazime, (Cerebrotec®) stannous colloid, (Sn-colloid®)
JE P B [0 7R E2 T 382 AT B B2 M

\ — O, OH OH HO 0O
P O\ QII)
L HO=  >Te. >_0H
== k| p—07
SR R——— o” oH oH' Mo %o
av mﬂ'i.@gdi+@}"]]d]§nﬂ@bg§j hydroxymethylene diphosphonate, (Clearbone®)
) r_/u l:l/[—-ﬁ—;‘?%

* collaborated with
(2011-2012)
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SEZER . RE- mEMMOFERS /5 ¢ mmsmko snTco, mum &QsT

SHE &l 22 22
R RTLC
% b Mol | BRSO,
(BHHRBE) (AR B &, (rr¥tx, ' oz
R I EFE) Rffi&)
-] tetrofosmin ' CH,Cl,/acetone
| : - 15 mCi/ ?"5 cc Silica gel 99%+
| i 15 min Rf = 0.1-0.2
DMSA 1 acetone
4 mC|/? cc Alumina 99%
2 10 min Rf = 0.0-0.1
exametazime : A) MEK: Silica gel: Rf = % X
) MEK; Silica gel; Rf = 0.9-1.0 A) 30%
30 mC|( e B) saline; Silica gel; Rf = 0.0-0.1 B)75% X X
i 5 min C) CH,CN; Paper; Rf = 0.9-1.0 C) 98%
= Sn colloid : RS
i' 3 mCi/ 1.5 cc e 96%
‘ H:F/H??-H@ 20 min Rf = 0.0-0.1
HMDP 20 mC|/ 6 cc ;\lcl-iIéCI/urea/NaZSO3/pon-phosphoIic )
% 10 min Silica gel 99%+
Rf = 0.9-1.0

OBEEICHET S 2o, &, 524 >DF v MEH A ATAE
> Exametazime (¥ = 2 L — XKD 9T TH->TH
18 (BEgioE s 02BEUA) B 0ZmEL T B0
LE RGBT BE DIE W B 27 99mTco,” TIEER W\ (k& U D 8E 46
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