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Abstract The radionuclide pair ~*Ce/"**La has been proposed as a positron emission tomography (PET) imaging partner to EXC ResIns contain lypophilic extractants physisorbed onto an
. . Surface of Porous Bead
the targeted alpha therapy radionuclide **>Ac". ***Ce is produced by the proton irradiation of lanthanum targets and decays (t;, = 3.2 || inert porous support. The extractant is
days) via electron capture into the positron emitting ***La (t1/> = 6.45 min). Results for the separation of cerium from up 25 grams of La || not covalently bonded to the support, . -
are provided, comparing anion exchange resin (AGMP-1) to extraction chromatography (EXC) resins containing acidic and neutral or- but held in the pores of the resin through j/j/\}
ganophosphorus extractants. *>Ce (t1,, = 137.6 days) is used as a surrogate for >*Ce throughout. Following dissolution of La,03 with hydrophobic interactions. This limits the (( V< Stasionesy
— Phase
HNO3, Ce(lll) is oxidized to Ce(IV) using sodium bromate in HNO; and separated from the bulk lanthanum using AGMP-1 or EXC resin. || mobile phases compatible with EXC /:/;\ nert
: : : : : : .. : : ] Support
Once recovered from the primary separation column using HNOs + H,0,, the Ce is concentrated using EXC resins containing DGA or resins to aqueous solutions. However, . <« mobie
. . . / | Phase
DOODA extractants and recovered in a medium that will allow a second Ce oxidation and separation cycle to provide additional the resulting material retains the ‘\..
.- . T \
decontamination from the very large mass of La target. The separation of Ce from La using EXC resins produces cerium in high yield selectivity of the extractant in liquid- /::—][
and purity with options for recovery of the radionuclide in dilute HNO3, HCl, or sodium acetate buffer. liquid solvent extraction. D
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Extractants/Functional Groups Extraction Mechanisms Ce oxidation
o o o \ BrO, + 6H" + 5e- €<= %2 Br, + 3H,0
i | i —P-0 O \P/ Ce(NOD T Eo(V) = 1.482
/\/j/\oa "OH /\/j/\d‘OH T Pon 0.t /| ghe T RO
et /|| BrO; +6H"+6e €= Br-+3H,0
e b CeNO)4 ’ Eo(V) = 1.423
- S 2-
] O O= :<_ / NP [Ce(NO3)¢] +N\—
/P\ | Ce3* &> Ce +e
Bis(2-ethyl-1-hexyl)phosphoricacid - 2-ethyl-1-hexyl (2-ethyl-1- Bis(2,4,4-trimethyl-1-pentyl) Cation Exchange Neutral (Solvating) Anion exchange E°(V) =-1.72
ADERP (LN Resin) hexy)phosphonic acid phosphinic acid Ce(lll) in HNO3 can be oxidized to Ce(IV)
HEH[EHP] (LN2 Resin) H[DTMPP] (LN3 Resin) | " i "
: : : : electrochemically or by using ozone,
o o Ce can be extracted from HNO; via 3 different mechanisms®. Cation exchange, Y Y & ;
: : : bromate, persulfate or bismuthate”.
b~ lg\/\/\/\/ neutral (solvating), and anion exchange. The LN, LN2, and LN3 resins can P
O / : : : Bromate was chosen because of solubilit
JJ O /_/_/_/ N_ [ extract Ce(IV) via all three mechanisms, depending on the degree of Y
: : and ease of use. Bromate oxidation
/ protonation of the extractant. UTEVA, UTEVA-2, and UTEVA-3 resins can
d B Br and d
: : : : roduces Br, or Br and proceeds more
Diamyl(amyl)phosphonate Tryalkylphosphine oxide Quaternary amine on extract Ce(lV) via the neutral and anion exchange mechanisms, while MP-1 P ‘ P
DA[AP] (UTEVA Resin) Cyanex 923 (UTEVA-2/UTEVA-3 Resin) macroporous Styrene . . : Completely from hlgher conce ntratlons Of
R=C6to C8 Divinlybenzene (MP-1 Resin) resin only extracts Ce(lV) via anion exchange.
HNOs;.
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T oS Ity B T Vi e AL e 105\ Primary Column  satch retention data for Ce exhibited a positive
| —=—LN - { —=—LN é i load Rinse  Rinse _ . . - :
o LNZ - N2 o, 5 1,BgdLa 6§HN03 e correlation with the concentration of HNOs, NaBrOs, and La(NOs)s. Higher
1 E Il i 3 = 1054 (0.36MLa) ¢ v NaBrO, i . - _ .
MP-1 | S éoﬁyMHSQBs; PMNEBO concentrations of HNO3; and NaBrO3; promote more efficient oxidation to Ce(lV),
3 LN2 © 10.1M NaBrO, _ .
i T |5 104'; while higher HNO3; and La(NOs); concentrations provide NO3; to promote extraction
.:') 10%; g 103 via the neutral and anion exchange mechanismes.
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10° £10°+ Preliminary column experiments were performed with all resins using 1 gram of La.
] = E —a— LN % ’ . _
100 S 1011 LN2 ) 1.0|\S/|tHF?\JO3_: For the LN, LN2, LN3 resins, Ce recovery ranged from 94-96%, while for the UTEVA
] 5 —A— | N3|[96% . scorbic] .
S ol o S s T resin Ce recovery was 65-70%, UTEVA-2 94-95%, and UTEVA-3 91-95%. Recovery of
O ey © N o o © 0 10 20 30 40 50 60 70 80 Ce from the loaded resins was tested using 1.0M HNO; with 0.1M H,0, or ascorbic
> - | mL Eluate
- acid added to reduce Ce(lV) to Ce(lll). Ce was recovered in a smaller volume using
. ‘ Cf hVSthfO%Z?? 50011%?£InaBr03 . ‘ CfgssiB;?éI?r:oﬁgy H;'NO?’ ‘ T;V_S La(:l:m)frsrr:(ﬁz?(':ﬂ)g”:c??mgr:m ﬁl_aBrO?’ Sution ﬁff;ﬁ%g 2 A ge (2o rams &) H,0, as the reducing agent, so subsequent experiments utilized only 1-3M HNO; +
| 1 UTevaz UTEvA2 10° covied | npee RUSR s 0.1M H,0, to recover Ce. Up to 3M HNO; did not decrease the efficiency of Ce
105 UTEVA-3 105 - 105 ]—=—LN(26MHNO,)  87% - :
: ] STEVAS f s |-~ LN(53MHNO,)  >09% ';:'ff "o ;S&, recovery from the LN or UTEVA resins.
- ! ! 10°3 —a—MP-1(7.8MHNO,)  82% | | NaBrO 0.1M
3 102 10° - : 3 . .
f f s = 20, Full scale tests with 25 grams of La were performed on 2 mL cartridges of LN and
o ] ] o . o ] Y 104 -
o 10 o 103 1% Tevas 3 MP-1 resins. From 2.6M HNO;, significant loss of Ce was observed during loading of
10'- 10'- 10'- e 10 ‘;;;ij'lf;3w?t;a§§;i2$g% O, LN resin, likely due to incomplete oxidation of Ce(lll) to Ce(IV). Increasing to 5M
. o) o) 102_;?:Zdo‘i'i'é’fffdti’vﬂﬁ%%(rlfshféf}“ HNO; decreased Ce breakthrough and led to >99% recovery of Ce on LN resin.
: f | Separation on MP-1 required 6-8M HNO; due to the lower retention of Ce, yielding
10— 10— 10" H—roror———— L e e e aaand L e a
10 10° 10 10° 107 107 107 10 10° 0 20 40 60 80 100 120 140 160 180 82% Ce recovery. THe higher HNO3 concentration used in the MP-1 separation also
[HNO,], M [NaBrO,], M [La], M mL Eluate
led to gas evolution, likely Br,.
Elution of Ce on 2 mL Cartridge of DOODA Resin ( R
O O O 10° 50-100 um, 21(1)C, Load/Rinse 4 mL/min, Strip 2 mL/min 1) Precondition 10 mL 6M HNO, - 0.1M NaBrO, 3) Rinse 50 mL 6M HNO;-0.1M NaBrOs,.
R ! load 3MHNO,  Rinse Rinse  Strip | | | 4 Rinse 25 mL 6MHNO,,
R\ )& \)‘k /R )K/ N - 3 iy inse . Strip 2) Load target. 3
R/N O N\R R\!\I O\/\OW R 106 0.1M H,0, HNO, a'\gl . £ 6) Strip Ce with 10 mL 3M HNO -0.1M H,0,,
R O s 0.1M HCI
DGA, normal R = n-octyl 3 b 0.05M HNO, 5) Precondition 10 mL 3M HNO
_ DOODA, R = n-octyl & | |
DGA, branChEd R - 2-EthY|-1-1hexy| QE) 10 1|:/Itsod||l:||rréo L 3 E?nse ;8 m:: 2::44 E(’\;l(zs
8102_; A | 1)29.3g a0, powder. N 9) Strip Ce with 5 mL 0.05M HNO,.
. : o ] 2) Slurry in 10-30 mL Dl water.
Seconda ry Column after recovery from the primary . >987% 2 Slowy add 50 mL 70% HNO, T L ——— siEmE Waste
107 5 3mL ] 4) La,0, dissolves exothermically. 2) Recover Target T >C <J:)—>l
. . ] 5) Dilute to 100 mL with DI/HNO, to < 3
COIumn IN HNO3_H202; the Ce can be retalned ond Secondary C0|umn 100 Lererrrrrrerrrrrrrrrrrerrrrrrrbrrr—————————————————— achieve desired final HNO, concentration. v (9) Purified Ce**
. : 0 5 10 15 20 25 30 35 40 45 50 55 60 6) Cool toroom temperature. (1)(3)(4)Waste |~ , ,
of DGA or DOODA resin. The secondary column does not provide mL Eluate 7) Add 1.5 g NaBrO, M N, 0.1 NaBLC, alanses heoem s cotond sorof LN
additional decontamination from La, but does allow concentration of ooty on LN - DOODATesim it be pesfomen omit o sucond DOODA sarrdge. Co can be rosoverod 2 mi of
- . the HClL rinse in the first of DOODA resinin the first cycle. 0.1M HCl or 1.0M sodium or ammonium acetate, pH=#6.0.
the Ce, removal of NaBrOs, Br, Br,, and H,0,, and exchange of the matrix from HNO; to HCI or buffer. DGA, normal
or branched can be used for recovery of Ce in HCl, while DOODA resin allows recovery in dilute HNO3 or HCl or 1M FIOWShEEt
: : : : : The complete flowsheet for separation of Ce from 25 grams of La is
sodium or ammonium acetate buffer. From a 2 mL cartridge of DOODA resin, >98% of the Ce can be recovered in P P &
2-3 mL of 0.05M HNOs, 0.10M HCl or 1.0M ammonium acetate, pH 6.0. presented above. After a single LN - DOODA resin cycle, stripping the Ce from DOODA in 10 mL
. .. : : : of 0.05M HNOs, the recovery of Ce was 98% with 1.5-2.5 ug of La impurity. Following two LN -
For additional decontamination from La, the Ce can be stripped from the primary column directly onto DOODA ’ . Y ° 5 .p Y 5 .
_ - _ , - DOODA cycles, recovering Ce from DOODA in 3 mL of 1.0M ammonium acetate, pH 6.0 in the
resin. Omitting the HCl rinse, the Ce is then recovered from the DOODA resin in 0.05M HNO3, HNO3; and NaBrOs; are : : : -
: : : second cycle, the recovery of Ce was >95% with the lanthanum impurity below the limit of
added, and a second separation cycle is performed on LN and DOODA or DGA resins. : : : ..
detection via atomic emission spectrometry (AES), < 0.01 ug La.
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