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Sources of Actinium Isotopes
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Ac-225 Sources
ORNL-150mCi Th-229 (on-going; ~600mCi Ac-225 annually)

INL-27MT LWBR fuel; #32Th/233U(~5000mCi/month Ac-225)

Chemical Separation of Th-229 from existing U-233 stocks
(~6000mCi/month Ac-225)

Cyclotron Production via Ra-226(p,2n)Ac-225
(~200mCi/month/cyclotron)

Photonuclear transmutation via Ra-226(y,n)Ra-225->Ac-225
(~400mCi/month/LINAC)

Reactor production of Th-229; Ra-226->Th-229 or Th-

High Energy Proton Spallation of Th-232
(~10,000mCi/month)



Spallation
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High energy protons strip neutrons and fragments from
thorium forming lighter nuclides.

Fragments can also combine with thorium to form
heavier nuclides.



Mass Distribution for Reaction of Protons with 29°Bj
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U beam-stop from ZG-Synchrotron (ANL), 12 GeV
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Target Dissolution (July 2011) -

Cu clad target
(0.127 cm Cu)

Physical
De-cladding '
> —>
359 Th Metal
(2.3x1.0x1.3cm)
Dissolve Th
Physical 8M HNO, +
De-cladding 0.01M HF
v

Cu Cladding Complex

analyzed for beam Residual F

characterization with Boric acid
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Separation of Ra and Ac from Th Stock

#1

(Batch Extraction Process)
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Feed: up to 100g of Th in 400 mL of 3M HNO,

Process Solvent: 0.5M DAAP in Isopar™-L

Stages 1 and 2: 2 L of Process Solvent/stage

Stage 3: 400 mL of Process Solvent
Mixing Time: 2 minutes/stage

A\ 4

Ra, Ac
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Tandem Column System for the rapid Extraction
and Purification of Ac-225
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Initial Dissolution and Ion Exchange Feed

900
Ac-225
800 (Fr-221)
X feed
= Diss
700
| Ac-225
600
Po-210 [‘h_zzj
-233 Ra-223
500 Act285 (Bi-211
Ra-223 n
400 q
Th-227
300 Th-228
ﬁ / Th-227 J Ra-223
200 Ra-223 f A Ac-225 (Rn-219
w U (Fr-221)
f h-227 M
100 \ M ﬂ V
0 T T T T T T T T T T T T T T 1

5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6.0 6.1 6.2 6.3 6.4 6.5



900

800

700

600

500

400

300

200

100

UTEVA/DGA Separation
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Yields of Key Isotopes
(5.9x10%° protons on 30g Th-232)

|sotope Half-life  Atoms ucCi
ggAC-225 10 d 7.7 x 1013 1700
agAC-227 22y 7.3 x 1013 2.0

oo Th-227 18.72d 8.1x1013 940
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Bulk Th Removal

1) Precondition: 25 mL 4M HNO ; =——>

2) Load =—>
3) Rinse 50 mL 4M HNO3 =—>

<€ 4) Th, 4x 25mL 6M HCI

<€ 5) Np and Pa, 50mL 0.1M
ammonium bioxalate

y e
< ,‘ 3l
Valence Adjustment/Load solution preparation: A '-“.'&g;
-0.25mL of dissolved Th Target X A
(22mg Th-232) = : )

-1mL 1.5M Sulfamic acid . &,}3; 1 12.5mL

-1 mL 1.5 M Ascorbic acid, A ) .

19 mL 4M HNO,, | 1.4cmid. x8.0 cm height

1) Waste <€ |
2)and3)Ra, < —> 4) Th Fraction
Ac, U, Pu, Am,

—> 5)Np and Pa



Th Alpha Spectrum (CeF; ppt, Immediate)

230Th

4203.44 4503 44 4803 .44 5103.44
Energy (ke




Th Alpha Spectrum (CeF; ppt, 3 years)
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count=

Np-Pa Alpha Spectrum (CeF; ppt, 3 years)
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Actinide Separations

1) Precondition: 10mL3M HNO;
2) Load: Fractions 2 and 3 from Th
removal + 1.1 g NaNO,

3) Rinse: 25mL 3M HNO3. —

TEVA Resin
50-100um
2 mL cartridge

UTEVA Resin
50-100pm
2 mL cartridge

DGA Resin
50-100pm
2 mL cartridge

1) Waste <€

2) and 3) Ra and
Fission Products




Actinide Separations

1) Rinse1:20mL 0.5M HNO,

2) Rinse2:25mL 8.0M HCI

3) Strip Ac: 30mL 2.5M HCI

4) Strip Am/Cm: 20mL 0.1M HCI

DGA Resin
50-100 um
2 mL cartridge

1) and 2) Waste (G
3) Acfraction €

1) Rinse: 25mL 8M HCI
2) Strip Pu: 20mL 0.1M

ammonium bioxalate

1) Waste

2) Pu Fraction

«—
4) Am/Cm
fraction
1) Rinse: 20mL 5M HCI +
0.05M oxalicacid
2) Strip U: 20mL 1.0M HCI
TEVA Resin
50-100 um
2 mL cartridge
<€
1) Waste
<€

2) U Fraction

UTEVA Resin
50-100 pum
2 mL cartridge



U Alpha Spectrum (CeF; ppt, immediate)
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count=s

U Alpha Spectrum (CeF; ppt, 3 years)
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Pu Alpha Spectrum (CeF; ppt, 3 years)

[ 4
3003

3203

03 3603

303

4003

4203 4403

4603

209 PO

4803 3003

208Pq

2203 9403
Energy (keV)

603 3803

G003

G203 6403

BA03

B3




Am-Cm Alpha Spectrum (CeF; ppt, immediate)
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Am-Cm Alpha Spectrum (CeF; ppt, 3 years)
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Ac Alpha Spectrum (CeF, ppt, 1 day)
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Ac Alpha Spectrum (CeF; ppt, 3 years)
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Elution on Sr Resin
2mL catridge, 50-100 um, 2mL/min, 21(1)°C
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“Radium Determination Method Based on Extraction by Crown Ether from Dilute Perchloric Acid,” D. R. McAlister, E. P. Horwitz, 57t
Annual Radiobioassay and Radiochemical Measurement Conference, San Destin, FL, October 31- November 4, 2011.



Ra Alpha Spectrum (BaSO,, immediate)
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Ra Alpha Spectrum (BaSO,, 3 years)
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Pb/Po Separation

1) Precondition: 10mL2.0M HCI

2) Load: 0.25mL dissolved Th € 5) Strip Pb: 20mL
target+ 20 mL 2.0M HCI 0.05M ammonium
3) Rinse: 20mL 2.0M HCI citrate
4) Strip Po: 25mL 6.0M HNO;

Sr Resin

50-100 pum

2 mL cartridge

1), 2) and 3) Waste
4) Po fraction

5) Pb fraction

AAA



Po Alpha Spectrum (Nickel Disk)
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Light Nuclides Formed by Spallation of Thorium
Target with Protons

ool N 230, 228, 227, 226 s3EU 147, 146
goAC 2217, 225 s.PM 148m

ggRa 225, 223 gCe 144,141, 139

.P0 210, 209, 208, 206 ~Ba 140) 133, 131

soPb 210 30Y 88
-0Yb 169 agol 90, 85
52Gd 153, 148, 146 ,19C 46




Atoms Produced

Spallation Yield for Thorium-232 with 8 GeV Protons

——————
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Separation of Ac, La, Ce, Pr and Nd on DGA Resin
Slurry Packed 25-53 um DGA Resin, Operating Temperature 50(1) °C
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ppm/mL vs. Bed Volumes of Eluate

Slurry Packed 25-53 um LN Resin, Preconditioned with 0.50 M (Na,H)OAc, 50(1) °C
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Conclusion/Future Work

Demonstrated the feasibility of producing Ac-225, Ra-225, Ac-
227 using high energy proton (8 GeV) bombardment of Th-232
target (30Q).

Repeat using lower energy protons (200-400 meV) and smaller
targets ~3g.

- Higher yield of key nuclides

- Fewer bi-products

- Easier processing of targets

Production of Actinium-225 via High Energy Proton Induced Spallation of
Thorium-232. Final Technical Report DE-SC0003602.
http://www.osti.gov/bridge/servlets/purl/1032445/1032445.pdf



