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Separation of Trace Plutonium From Uranium Matrix

LI Li-li, LI Jin-ying, ZHAO Yong-gang, ZHANG Ji-long, WANG Tong-xing
China Institute of Atomic Energy, P. O. Box 275 (8). Beijing 102413, China

Abstract: In order to separate trace plutonium from uranium matrix for subsequent mass spec-
troscope determination of the former, an extraction chromatographic method composed of a
TBP extraction resin column and a cationic exchange resin column was developed. Various fac-
tors that influenced the decontamination of uranium from plutonium were studied with simula-
ting samples and a low-background alpha spectrometer. The studied factors included the con-
centration of HNO, and flow rate for loading and washing, the uranium-to-plutonium mass ra-
tio, and the eluent composition for plutonium. The optical experimental conditions were ob-
tained. When the load of uranium and plutonium was 0.1 g and 6 ng respectively, the decon-
tamination factor for uranium is more than 10" and the recovery for plutonium is more than
95%. The experimental results satisfy the demands of measuring the abundance ratio of impu-
rity plutonium in uranium matrix by mass spectrometry. The separation procedure was applied
and isotope abundance ratio of plutonium was measured for two kinds of the depleted uranium
products.
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0.1 mL 4 mol/L NaNO,,
. 10 min; 7402 2: 2
: 0.2~0. 3 mL/min. < 20,0}
° : EDTA ,:; 15.0f
HNO, , s 2% 0.0l
HNO, : Th. s ol
MC-ICP-MS o 0. O0 ——t T G >0
5 ¥,/ mL
2.1 MCICP-MS N bOTeP
) Fig.1 Content of plutonium in eluent
( 2? HNO; 15 after transiting from TBP column
. U P TBP .25
0.172ng/L.  2.52 pg/L, mlL
2.49 ng/L. 0.228 ng/L, , Th , 2% HNO, ,
, 107 ’ MC-ICP-MS U
100 mg ’ 101 ng/L. o 3.1X107 Bq,
80 % 1.0~10.0 TBP ) X
ng/L, . MC-ICP-MS O
° 2.3 7402
2.2 TBP TBP NaNO, .
TBP 10 mm, ) 7402 (
160 mm, 12.56 mL., 3 mm. 160 mm) .
TBP :12. 56 mL X 0. 59 , o« 238 pyy .
g/mL=7.4 g, 8] . TBP . O
C ) 163 mg/g( ) 7402 . 15
7.4 gx163 mg/g=1207 mg. . mL 0.1 mmol/L EDTA-0. 01 mol/L HNO,
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TBP . , : 2. 2 :
1.2 1 mL : 0.5 96. 7% .
mL 3 mol/L HNO; ( 2 2.4
mol/L), 400 pL **Pu 1 mL ?*®Pu 2.4.1
, 0.1 mL 1 mol/L ,
, 10 min; TBP , 50.0
15 mL 2 mol/L HNO; TBP , _40.0
0.2~0. 3 mL/min( 230.0
5 6 ), 1220 Quantulus g 20. 0
28 Pu s =
10. 0
1. 1 , TBP
, 28 Py 99.49%. 0'00 2 4 6 8 10 12 14
, 100 mg, fou/ i
2381 J a 1 233 Bq, 2 TBP -7402
TBP ) Fig. 2 Recovery of plutonium in eluent
9 . 235 Py . \ after the whole flow
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TBP - , , 3, 2
ucvD HNO;, ng 80%.,
L, TBP PuClV)  PuCVD , ,
o], ) , 6 ng.
PuClD ;
’ 2 TBP
.,  Th<<U<Np<Pu, Table 2 Effect of flow rate on the results of separation
:U<<Pu""/, o/(mL + min~") YCRPW /% DF(U)
, MC-ICP-MS 0.1 98.8 7.03X 107
TBP 7402 0.3 99. 1 7.78X 107
o 0.5 98.7 4.76 X107
0.5,1.0,2.0,4.0, 0.8 97.4 3.80% 107
6.0,8.0 mol/L. HNO; 1.0 98.2 1.53X107
’ L. L MCICP-MS 1.5 97.3 1.56X107
.+ HNO; ’ 2.0 96. 8 1.01X107
TBP 7402
f ’ 3
° 2 Table 3 Effect of m(Pu) on the results of separation
2.0 mol/L,
m(Puw) /ng Y2 P /% DF(U)
. 0.5 34.1 1.73X 108
Table 1 Effect of concentrations of nitric acid of column 2.0 §1.2 12rnor
on the results of separation 6.0 98.9 6. 42X107
(HNOy>/ - Uy 10.0 99, 2 5. 95X 107
(mol » L-1) YCEPO/% (pg - LD DF(U) 15.0 99.6 1.08X107
0.5 96.9 1.68 5. 94X 100 20.0 99.6 2.12X107
1.0 96. 8 0.67 1.50 X107
2.0 100. 1 1.63 6.15x107 2.4.4 EDTA-
4.0 100. 4 3.34 3.00X 106 s 4, 4
6.0 98.7 2.87 3. 49X 10° , 10 mmol/LL HNO, , EDTA
8.0 93.0 2.27 4.40X 108 , Pu , 0. 5
mmol/L EDTA-10 mmol/L HNO, s
2.4.2 TBP Pu 99.3%.
, 8 mL 0.1 mmol/L EDTA-
TBP 2. 2 10 mmol/L. HNO, .
: ) 2.5
TBP , )
0.2~0.3 mL/min, N s
2.4.3 o
) 107, ) 2.6
100 mg . 0.5,2.0,6.0, , 100 mg U 6 ng Pu, MC-
10.0.15.0,20.0 ng  **Pu, , ICP-MS 7402
MC-ICP-MS 7402 o )
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, 8 mL 0. 1 mmol/L , 5, 5 )
EDTA-10 mmol/L HNO, 7402 , ¢ ”
. . 2% HNO, 10 mL 3 , 98% ,
s Th, MC-ICP-MS 107,
4
Table 4 Effect of the types of eluent on the recovery of plutonium
Y/%
. Yol / %6
(Eluent) 1st 2nd 3rd 4th
0.1 mmol/LL EDTA 83.1 5.69 0. 87 0. 066 89.7
1 pmol/L EDTA-10 mmol/L HNOj3 42.4 18.6 9.33 1.49 71.8
10 pmol/L EDTA-10 mmol/L HNOj3 69.7 10. 3 4.41 1. 80 86. 2
30 pmol/L EDTA-10 mmol/L HNOs 77.1 9.03 2. 44 0 88.6
60 pmol/L EDTA-10 mmol/L HNOjs 85.6 4.12 0.92 0 90. 7
0.1 mmol/L EDTA-10 mmol/L HNOj; 95.2 3.28 0.11 0 98.6
0.5 mmol/L. EDTA-10 mmol/L. HNO; 96. 6 2.39 0. 33 0 99. 3
(Note) : Vi, =5 mL
0 T B
(Pu-U sample)
l-FO. 1 mL 1 mol/L Fe(SONH,),
TBP{ 2 b
(TBP c¢olumn)
l 415 mL 2 mol/L HNO,
TBP UL (Pu)
(Outflow)
l+0. 1 mL 4 mol/L NaNO,
7402 4 3h (0 B A
(7402 quaternary amine column)
18 mL 0.1 mmol/L EDTA-10 mmol/L HNO,
Pu
3
Fig. 3 Flow sheet of separation of Pu from U matrix
5
Table 5 Measuring results of the simulated samples
No. o(Wan/(ng « L7 p(Pwau/(pg+ L7 o(Wae/(pg« L7H DE(U) Y(Pw /%
1 232 0. 585 1.74 4,3X107 97.5
2 147 0.591 1.62 6.8x107 98.5
3 119 0. 588 1. 80 8.4 X107 98.0
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