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Abstract  The radionuclide pair 134Ce/134La has been proposed as a positron emission tomography (PET) imaging partner to 

the targeted alpha therapy radionuclide 225Ac1. 134Ce is produced by the proton irradiation of lanthanum targets and decays (t1/2 = 3.2 

days) via electron capture into the positron emitting 134La (t1/2 = 6.45 min). Results for the separation of cerium from up 25 grams of La  

are provided, comparing anion exchange resin (AGMP-1) to extraction chromatography (EXC) resins containing acidic and neutral or-

ganophosphorus extractants. 139Ce (t1/2 = 137.6 days) is used as a surrogate for 134Ce throughout. Following dissolution of La2O3 with 

HNO3, Ce(III) is oxidized to Ce(IV) using sodium bromate in HNO3 and separated from the bulk lanthanum using AGMP-1 or EXC resin. 

Once recovered from the primary separation column using HNO3 + H2O2, the Ce is concentrated using EXC resins containing DGA or 

DOODA extractants and recovered in a medium that will allow a  second Ce oxidation and separation cycle to provide additional       

decontamination from the very large mass of La target. The separation of Ce from La using EXC resins produces cerium in high yield 

and purity with options for recovery of the radionuclide in dilute HNO3, HCl, or sodium acetate buffer. 
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EXC Resins contain lypophilic extractants physisorbed onto an  

inert porous support. The extractant is 

not covalently bonded to the support, 

but held in the pores of the resin through 

hydrophobic interactions. This limits the 

mobile phases compatible with EXC    

resins to  aqueous solutions. However, 

the resulting material retains the           

selectivity of the extractant in liquid-

liquid solvent extraction. 

Ce oxidation 

Ce can be extracted from HNO3 via 3 different mechanisms2. Cation exchange, 

neutral (solvating), and anion exchange. The LN, LN2, and LN3 resins can       

extract Ce(IV) via all three mechanisms, depending on the degree of              

protonation of the extractant. UTEVA, UTEVA-2, and UTEVA-3 resins can        

extract Ce(IV) via the neutral and anion exchange mechanisms, while MP-1  

resin only extracts Ce(IV) via anion exchange.  

BrO3
- + 6H+ + 5e-

→½ Br2 + 3H2O
Eo(V) = 1.482

BrO3
- + 6H+ + 6e-

→ Br - + 3H2O
Eo(V) = 1.423

Ce3+
→Ce4+ + e-

Eo(V) = -1.72
Ce(III) in HNO3 can be oxidized to Ce(IV) 

electrochemically or by using ozone,       

bromate, persulfate or bismuthate3.       

Bromate was chosen because of solubility 

and ease of use. Bromate oxidation         

produces Br2 or Br- and proceeds more 

completely from higher concentrations of 

HNO3.  
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Primary Column    Batch retention data for Ce exhibited a positive 

correlation with the concentration of HNO3, NaBrO3, and La(NO3)3. Higher             

concentrations of HNO3 and NaBrO3 promote more efficient oxidation to Ce(IV), 

while higher HNO3 and La(NO3)3 concentrations provide NO3
– to promote extraction 

via the neutral and anion exchange mechanisms.  

Preliminary column experiments were performed with all resins using 1 gram of La. 

For the LN, LN2, LN3 resins, Ce recovery ranged from 94-96%, while for the UTEVA 

resin Ce recovery was 65-70%, UTEVA-2 94-95%, and UTEVA-3 91-95%. Recovery of 

Ce from the loaded resins was tested using 1.0M HNO3 with 0.1M H2O2 or ascorbic 

acid added to reduce Ce(IV) to Ce(III). Ce was recovered in a smaller volume using 

H2O2 as the reducing agent, so subsequent experiments utilized only 1-3M HNO3 + 

0.1M H2O2 to recover Ce. Up to 3M HNO3 did not decrease the efficiency of Ce        

recovery from the LN or UTEVA resins. 

Full scale tests with 25 grams of La were performed on 2 mL cartridges of LN and    

MP-1 resins. From 2.6M HNO3, significant loss of Ce was observed during loading of 

LN resin, likely due to incomplete oxidation of Ce(III) to Ce(IV). Increasing to 5M 

HNO3 decreased Ce breakthrough and led to >99% recovery of Ce on LN resin.      

Separation on MP-1 required 6-8M HNO3 due to the lower retention of Ce, yielding 

82% Ce recovery. THe higher HNO3 concentration used in the MP-1 separation also 

led to gas evolution, likely Br2. 

 

 

 

 

 

 

Flowsheet       The complete flowsheet for separation of Ce from 25 grams of La is 

presented above. After a single LN - DOODA resin cycle, stripping the Ce from DOODA in 10 mL  

of 0.05M HNO3, the recovery of Ce was 98% with 1.5-2.5 ug of La impurity. Following two LN -    

DOODA cycles, recovering Ce from DOODA in 3 mL of 1.0M ammonium acetate, pH 6.0 in the  

second cycle, the recovery of Ce was >95% with the lanthanum impurity below the limit of        

detection via atomic emission spectrometry (AES), < 0.01 ug La. 

 

Secondary Column After recovery from the primary    

column in HNO3-H2O2, the Ce can be retained on a secondary column 

of DGA or DOODA resin. The secondary column does not provide        

additional decontamination from La, but does allow concentration of 

the Ce, removal of NaBrO3, Br-, Br2, and H2O2, and exchange of the matrix from HNO3 to HCl 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 

sodium or ammonium acetate buffer. From a 2 mL cartridge of DOODA resin, >98% of the Ce can be recovered in   

2-3 mL of 0.05M HNO3, 0.10M HCl or 1.0M ammonium acetate, pH 6.0. 

For additional decontamination from La, the Ce can be stripped from the primary column directly onto DOODA  

resin. Omitting the HCl rinse, the Ce is then recovered from the DOODA resin in 0.05M HNO3, HNO3 and NaBrO3 are 

added, and a second separation cycle is performed on LN and DOODA or DGA resins. 
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mL Eluate

Elution of 139Ce on 2 mL Cartridge (25 grams La)
50-100 mm, 21(1)C, Load/Rinse 5 mL/min, Strip 2 mL/min

Load: 29.3 grams La2O3 

dissolved with 50 mL 70% HNO3 

and diluted to 100 mL (1.8M La).

Ce oxidized with 0.1M NaBrO3. 

Rinse

6.0M 

HNO3

0.1M 

NaBrO3

Strip

1-3M 

HNO3

0.1M 

H2O2

Rinse

6.0M 

HNO3

1) 29.3 g La2O3 powder.
2) Slurry in 10-30 mL DI water.
3) Slowly add 50 mL 70% HNO3.
4) La2O3 dissolves exothermically.
5) Dilute to 100 mL with DI/HNO3 to 
achieve desired final HNO3 concentration. 
6) Cool to room temperature. 
7) Add 1.5 g NaBrO3.

L
N

D O O D A

2) Load target.

1) Precondition 10 mL 6M HNO3 - 0.1M NaBrO3.

(1)(3)(4) Waste

2) Recover Target

3) Rinse 50 mL 6M HNO3-0.1M NaBrO3.

4) Rinse 25 mL 6M HNO3.

6) Strip Ce with 10 mL 3M HNO3-0.1M H2O2.

5) Precondition 10 mL 3M HNO3.

(6)

7) Rinse 10 mL 3M HNO3.
8) Rinse 20 mL 8M HCl*.
9) Strip Ce with 5 mL 0.05M HNO3.

(5)(6)(7)(8) Waste

(9) Purified Ce**

**After the first separation cycle, Ce can be acidified to 20 mL 
6M HNO3-0.1M NaBrO3 and passed through a second set of LN 
and DOODA cartridges for additional La target removal. From 
the second DOODA cartridge, Ce can be recovered in 2 mL of 
0.1M HCl or 1.0M sodium or ammonium acetate, pH = 6.0.

*HCl inhibits the oxidation of Ce(III) to Ce(IV). If a second 
separation cycle on LN - DOODA resin will be performed, omit 
the HCl rinse in the first of DOODA resin in the first cycle. 


