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Introduction

Phosphors in CFL bulbs contain rare

: k' Ce-139 vs HNO. k' Ce-139 on LN2 vs NaBrO.
Ce Separation from Rare Earth O r e ea rt h e I eme ntS .
H H LNz 4 .
— Nitrate Solutions i .
summary of Method Cerium is oxidized from Ce(lll) to Ce(IV) using C‘I 107 o kg TR 10 i
socium bromate and then selectively extracted from rare earth nitrate solufions g o ey g
using a column of LN2 resin. LN2 is an extraction chromatographic resin con- /\g/\ﬂ ] . . « " ] Y E u T b C e
taining 2-ethyl-1-hexyl{2-ethyl-1-hexyl)phosphonic acid (HEH[EHF] . 8 *a 8 20 M . ) ) )
Ce can be oxidized to Ce(V) from solutions of nifric acid and rare earth x> mA > - e DTSMENO,
nifrate using NaBr(s, while the other rare earth metal ions remain in the trivalent LN2 107y A 10' L‘ﬂg“’ 1
oxidation state. The oxidation of Ce(lll} to Ce{lV) and the retention on LNZ A N 0.75M
increases with the concenfration of nitrate. The oxidation will not work from HEH[EHF] 10 0.75M 1P 20w @ Y/YB(NO;), |
chloride solutions. Berkelium (BK) can also be ovidized to Bk(IV) and separated o YIYD(NO,), AN,

Adjusted

from other trivalent actinides and rare earths using very similar conditions. +0.1M NaBrO, s with HNO, re d h O S h O r Y 2 O 3 ] E u 3 + YOX
Once oxidize, the Ce(IV) or B(IV) are retained on the LN2 resin from 2-3M HNO/Rare Earth Nitrate solutions, 107 T 107 T .

_ _ 10" 10° 10' 1l|]'3 16'1 ot
while frivalent metal ions are not retained. After ninsing with HNCs to remove any residual frivalent metal ions, the Ce or

Bk can be recovered from the LN2 by elution with 0.25-0 50M HCI or HNO: + reducing agent (HzOz, hydroxylamine or [HNO,], M [NaBrO,], M
ascorbic acid). Removal of Ce from 500 mL 2M HNO= + 0.75 M Y/Yb{NCz)= was >%9.9% using a 10 mL column of LN2
resin[1].
Reagents . .
g Stripping Ce(1V) from LN2 Resin Ce Separation
LN Bk Resin (25015 i Hierriinnl | green phosphors
Nitric: Acid (70%) k' Ce on LN Series Resins vs HNO, —=— 025 M HNO,, 0.1M H,0, (1) Adjust rare earth sample to 2-3M HNOs.
X g o | —a— D.25M HCL 0.1M H,NOH 1
Hydrochloric Acid (37%) . 50-100:m, 21(1°C, 2h s e o (2) Add enough NaBrOs to make 0.05-0.10M.
Sodium Bromate (NaBrOs) 1M NaBIo P N 1 (3) Precondition LN2 resin with Sbed ] . + +
H202 (30%]. Hydroxylamine-HCI or Ascorbic Acd 350 por ol SR Y . volumes of 2M HNO-0.05M NaBrOs a . e
Deionized Water I | I . 1 2|
10° ! o i L . (4) Load sample
o EE .y S e ] (5) Rinse LN2 with 5-10 bed volumes of [J
3 U | 8 401 . o= 2-3M HNOs-0.05M NaBrOs

Equipment gt ! ] o] (6) Rinse LN2 with 2 bed volumes of
Empty Cokamns - 2-3M HNOs.

| e (Gd,Mg)B5012:Ce3+Th3+ (CBT)

2 mlL cap tip (AC-100-MT-PP) 100 u Bed Volumes (Reverse Flow) 0.5M HCI + 0.1M reducing agent. ) e

5 ml (AC-50E-5M) =

20 mL {AC-20E-20M)

Column Reservoir

For 2 mL columns (AC-120-TK) 10’ - |

250 mL For 5.and 20 mL columns (AC-20X-20M) 10 10° 10
Column Rack [HNO;], M

Tb)MgAI11019 (CAT
15 hole for 2 mL columns (AC-103) 1) D.R. McAlister and E.P. Horwitz, unpublished data (2013). e g
12 hole for 5 and 20 mL columns (AC-20M-RACK) J

50 mL Gentrifuge Tubes m 1955 University Lane Lisle, IL 60532, USA  +1 (530)963-0320 www eichrom. com

Application note AN-1811-10 blue phosphor BaMgAI11017:Eu2+

www.eichrom.com



Introduction

The: Sep aration ﬂﬂdhﬁ:mﬂﬂ:ﬁlmwmum Owide Target .
. 134Ce (t,/, = 3.16 days) decays via electron capture to
_:.:..:E:EE.:“:: h;:::iiﬁ..::.::z st b |
e T e~ 134 = i +

— ===l La (t,, = 6.45 minutes) &/f3
ofo e vl 3156 % meewed T
P | e e e —
. ) - % * i . . . .
e A e [ Proposed as the imaging part of a theranostic pair
2 T oot et s e .
T . GEme, [ e e s ol = with:
——— T . .o
7P | SR Shannon lonic Radii (CN=6)
%Tﬁijfﬁfﬁﬁﬁﬁﬁ? 225 / 134Ce(|||) Trivalent Tetravalent
=~ &~ _-j::f::{*:’““_:l A
— e 227Th / 134Ce(IV) ‘ ‘.
e e el Produced by proton irradiation of large La targets

e S S — . |WTTCH _ ) _ 134 134 , _
o e S S = T.A. Bailey, et al. “Developing the ***Ce and *3*La pair as companion

“““““““““““““““““““““““““““““““““““““““““ positron emission tomography diagnostic isotopes for 22°Ac and 22’Th
Poster WTTC19, August 2024 radiotherapeutics,” Nature Chemistry, 13, pp. 284-289 (2021).
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REE extraction
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Atomic Number (Z)

Difficult to separate adjacent REE(lll), but Ce(lll) can be oxidized to Ce(IV).
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Ce oxidation with bromate

BrO, + 6H* + 5e- <> %2 Br, + 3H,0
E°(V) =1.482

BrO, + 6H" + 6e- <> Br~+ 3H,0
Eo(V) = 1.423

Ce3* <> Ce* +e
Eo(V) = -1.72

NaBrO, can be used to oxidize
Ce(lll) to Ce(IV).

Oxidation proceeds more
completely at higher HNO,
concentrations.

Does not work in HCI.

Byproducts include Br, and Br-.

P.C. Stevenson and W.E. Nervik, “The radiochemistry of the Rare Earths, Scandium, Yttrium, and Actinium,”
National Academy of Sciences Nuclear Science Series, NAS-NS 3020 (1961).
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Extraction mechanisms
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REE extraction

k' for Ln(TII), Y(IIT) and Sc(I1T) on LN Resin vs. HNO;

10° 25-53 um, 22(1)°C, 1 h equilibration 103 _ DGA Normal
Im K for Se
hEY €t S W Lo ST
\ | P TY IR\ o
L‘\\ Pr Smnﬁ 1{’\\ Ho\ W\ 1 ll[HNO,|
AN R ALY 10%-
\ \\ \\\ : \\\\\‘ \ \ \\ ‘:\:{Q\ \\\ \\'\ kl
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Ce extraction (acidic extractants)

k' Ce vs HNO; from 0.10M NaBrO, k' Ce vs NaBrO, from 6.0M HNO,
105 1 hrequil,, 21(1)C, 50-100 pum ; 1 hr equil., 21(1)C, 50-100 pum
7 T LA L } R 10 ELl LI L | L
i —=—LN ] ] —=— LN
] —e— LN2 ] ] —e—LN2
10%y —4—LN3 1044 —A—LN3 3
{ —— MP-1 ] :
E 10°- E
)] (] .
O
_I E L|) 102—5 E
X r ]
i 101_ E
i 100_ .
101 + C e ———— 100"+
10" 10° 10’ 1073 102 10"
[HNO,], M [NaBrO,], M

www.eichrom.com

k' Ce vs La(lll) from 6.0M HNO; + 0.1M NaBrO,
o 1 hr equil., 21(1)C, 50-100 um

104—§

] —=—1LN ]
104 —@— LN2 .
] —&—LN3 ]

10"+ —————y —r
1072 107" 109°

[La], M



k' - Ce

Ce extraction (neutral/solvating extractants)

k' Ce vs HNO;, from 0.10M NaBrO, k' Ce vs NaBrO, from 6.0M HNO, k' Ce vs La(lll) from 6.0M HNO; + 0.1M NaBrO,
1 hr equil., 21(1)C, 50-100 um 1 hr equil., 21(1)C, 50-100 um 1 hr equil., 21(1)C, 50-100 um

105:1 T T R | T T ""'_ 105:1 T R | T L E 105:1 T T TorTTTT T T T

1 —»—UTEVA ] 1 —v— UTEVA E ]

] |—#— UTEVA-2 ] ] |—#— UTEVA-2 - ; -

10*{ —<«— UTEVA-3 10%4 —<— UTEVA-3 10% -

E 103_? E 103_év—v/"v// E

1 —+—UTEVA
1024 |—¢— UTEVA-2
] —<«— UTEVA-3

k' - Ce
k' - Ce

10 7 100 10

10°; 7 10% 10°;

10-1 T T T L L | T T T 10-1 T T AL L | T AL L | 10-1 T T T T T T T
107" 100 10" 1073 1072 10" 1072 107" 100

[HNO,], M [NaBroO,], M [La], M
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Ce separation (acidic extractants)

Elution of Ce-139 on 2 mL cartridge
650-100 um, 21(1)C, Load/Rinse: 5 mL/min, Strip: 2 mL/min

10 3 ' | ' | ' | ' | ' | ' | |

6MLI—clﬁg) N Rinse ]

105d0amNaBro,  Rinse O HNO: 1 g simulated La target
: 6M HNO, ;

0.1M NaBrO,

—

o

SN
IIIII 1 Ll

Rinse with 6M HNO,

Recovery in HNO,/H,0,

activity or concentration
S
w
]

1023
] 96% //' :

10" 92% Strip - >92% recovery for LN,
é 96% 1.0M HNO; :

100: 0_1MH202‘°’ ] LN2, and LN3

0 10 20 30 40 50 60 70 80
mL Eluate

10
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Ce separation (acidic extractants)

Elution of Ce-139 on 2 mL cartridge
650-100 um, 21(1)C, Load/Rinse: 5 mL/min, Strip: 2 mL/min
10° - . .

] ILoéd | i '

1 1000 mg La  Rinse 1 g simulated La target
105+ 6M HNO, + Rinse °

10.1M NaBrO, ,  6M HNO;, . _

1 0.1M NaBrO, Rinse with 6M HNO,

Recovery in HNO, /
ascorbic acid

activity or concentration
—
o
w
]

107 4
: —®—LN 196% o
] ; 7 Strip ]
10" - —0— LN2{94% 1.0M HNO; 4 0
5 . N3 |96% 0.1M Ascorbic >94% recovery for LN,

ey B LN2, and LN3

0 10 20 30 40 50 60 70 80
mL Eluate

11
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Ce separation (neutral/solvating extractants)

Elution of Ce-139 on 2 mL cartridge

650—100 um, 21(1)C, Load/Rinse: 5 mL/min, Strip: 2 mL/min

10 3 ' | ' | | I T I I
] Load Rinse
] 1000 mg La 6M HNO
= 10%4 BMHNO; + Rinse 3 ]
e 10.1M NaBrO, ~ 6M HNO;,
©, 4] 0.1M NaBro,
= 1075
()] ]
o ]
3
910
S
2102
= 5 B
© 101 E —0—|UTEVA-2 9 % Stnp -
] — < [UTEVA-3| 95% 1.0M HNO,
100 - T T T T I ' | . | . 01!\/| H|202.
0O 10 20 30 40 50 60 70

mL Eluate

www.eichrom.com

80

1 g simulated La target
Rinse with 6M HNO,

Recovery in HNO,/H,0,

>95% recovery for
UTEVA-2, UTEVA-3
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Ce separation (neutral/solvating extractants)

Elution of Ce-139 on 2 mL cartridge

650-100 um, 21(1)C, Load/Rinse: 5 mL/min, Strip: 2 mL/min

10 3 ! | ! | | | | | |
] Load Rinse
] 1000 mg La 6M HNO
c 10° { 6M HNO, + Rinse ° lt 4
O 10.1M NaBrO, 6M HNO, / ¢
I 0.1M NaBro, |
= 10 3 |
()] . V
e o> PN
(@) ] /
e ] \\ /
21024 MyP
s P
@ 1] UTEVA 1 70% _— Strip
] —<|UTEVA-3] 911% 0.1M Ascorbi
10° — — _ _acid |
0 10 20 30 40 50 o600 70

mL Eluate
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80

1 g simulated La target
Rinse with 6M HNO,

Recovery in HNO, /
ascorbic acid

>91% recovery for
UTEVA-2 and UTEVA-3
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Secondary Column

Elution of Ce on 2 mL Cartridge of DOODA Resin
50-100 um 21(1)C Load/Rinse 4 mL/min, Strip 2 mL/min

cpm Ce-139

-
o
(@]

— — —

o o o
w BN (&)
| ul pul

—
o
N
pul

E BbAAAAA] RAAAALL) AL LAY [T v e e e e T
Load 3|\/| HNO3 Rinse Rinse Strip
1 +0.1M H,0, SM 8M
HNO; HCI o E
0.1M HCI
0.05M HNO,
1M sodium E
acetate, pH 6.0
>08% ]
Cein
3mL
......... RMMMSSHUMSISMSMISUSS NESSSIMIMSSS HSMSSSUSHSIMSSMSHMSISISSS WSS-————

0 51015202530354045505560

mL Eluate

Secondary column of
DOODA or DGA resin.

Concentrate
Remove reducing agent
Change matrix

- Additional purification
- Dilute HCI or buffer for
radiolabeling
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Flowsheet

1) Precondition 10 mL 6M HNO, - 0.1M NaBrO, 3) Rinse 50 mL 6M HNO5-0.1M NaBrO;.
2) Load target. 4) Rinse 25 mL 6M HN03

4 6) Strip Ce with 10 mL 3M HNO,-0.1M H,0,.

5) Precondition 10 mL 3M HNO..
7) Rinse 10 mL 3M HNO..
L 8) Rinse 20 mL 8M HCL*.
1) 29.3 ¢ La,0, powder. N 9) Strip Ce with 5 mL 0.05M HNO..
2) Slurry in 10-30 mL DI water.
0,

i; f;ig?d?ggof\?e?;ngeIr—lnl\]licc);'uy. 2) Recover Target [-_'I © v >C nooaA <.:]:)_'_> (5)(6)(7)(8) Waste
5) Dilute to 100 mL with DI/HNO4 to “
achieve desiredfinal HNO5 concentration. v (9) Purified Ce**
6) Cool toroom temperature. (1)(3)(4) Waste
7) Add 1.5 g NaBrO., **After the first separation cycle, Ce can be acidified to 20 mL

*HCLlinhibits the oxidation of Ce(lll) to Ce(IV). If a second
separationcycle on LN - DOODA resin will be performed, omit
the HCl rinse in the first of DOODATresinin the firstcycle.

www.eichrom.com

6M HNO,-0.1M NaBrO5 and passed through a second set of LN
and DOODA cartridges for additional La target removal. From
the second DOODA cartridge, Ce canbe recoveredin 2 mL of
0.1M HCl or 1.0M sodium or ammonium acetate, pH=6.0.
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Full scale (25g La Target)

Elution of "*°Ce on 2 mL Cartridge (25 grams La)

50-100 um, 21(1)C, Load/Rinse 5 mL/min, Strip 2 mL/min Single LN - DOODA resin cycle
6| S S S S " Rinse Rinse§ . :
10° o Vield SoM oM 1 strip stripping the Ce from DOODA in 10 mL
]1|—=— LN (2.6M HNO,) 87% HNO, HNO, 11-3M O.I: 0.05M HNO
105_‘ —e— LN (5.3M HNO,)  >99% 0.1M HNO, 3
] —+—MP-1(7.8MHNO,)  82% | |  NaBrO, | ©30.1M  98% Ce with 1.5-2.5 ug of La.
o ] | 1H,0,
% _
< 10% 4 |-
8 3
c | _ Two LN - DOODA cycles,
& 103  Load: 29.3 grams La,0, \ % - . _
1 dissolved with 50 mL 70% HNO, \ ; recovering Ce from DOODA in 3 mL of
] and diluted to 100 mL (1.8M La). . .
102 4 Ce oxidized with 0.1M NaBrO,, T - 1.0M ammonium acetate, pH 6.0 in
’* the second cycle,
10" frreereer e - >95% Ce with the impurity < 0.01 ug La

0 20 40 60 8IO 1(I)0 1éO 140 166 680
mL Eluate (LOD by MP-AES).

16
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