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Determination of Samarium and Its Isotopes in PWR Spent
Nuclear Fuel by Chemical Method

F4E, 93

A
AES UomRH ®e, 3FaArk oo 23 AG 1x8 Sol2usFA @A 1 M HNOy/90%

MeOH §9o=z M# £ 05 M HNO3y/80% MeOH &2lHo= Sms F8 LAY GEZRY
3

Ol

Ak EE& Ao sFEo] A= v HEe] Bag AASY] 918k 33 Dowex 50W X8 9]
SR B FZA17)3L 02 M HIBA (pH 45-46)8HN0 2 SmS 5384 Egsart 27 2

Y2 (Nd, Eu, Gd 2 BaO)E°l <3 43S HolA &ghrh

3
2
o
wn
B
il
w
o
M
X
L
N
i)
offl
ofy

Abstract

A method has been studied to separate and determine Sm and its isotopes from various



fission products in PWR spent nuclear fuels. The method involves three sequential ion
exchange resin separation procedures. Sm was separated from U together with other fission
products with 12 M HCl on Dowex 1X8, the first anion exchange resin. The Sm was
separated from major fission products with 1 M HNO3/90% MeOH and 0.5 M HNO3/80%
MeOH media on Dowex 1X8, the second anion exchange resin. The purification of Sm was
carried out on cation exchange resin, Dowex 50X8& in 0.2 M HIBA(pH 4.5-4.6) in order to
remove Ba causing isobaric effect during mass spectrometry. From mass spectrometric
measurement, the purified Sm portion was not showed the isobars from other elements such

as Nd, Eu, Gd and BaO. The contents of the Sm and its isotopes('’Sm, *Sm, "“Sm, 'S

m7
15lSm, Sm 2 ™Sm) in  the spent fuel were determined by isotope dilution mass
spectrometric method using "Sm - as spike. The correlations between isotope compositions

and burnup parameters were compared with those calculated from ORIGENZ code.
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Table 1. Isotopic Analysis of Sm—-154 Spike from ORNL

Isotopic Analysis

Isotope Atom % Precision
144 0.02 0.010
147 0.14 0.020
148 0.12 0.020
149 0.17 0.020
150 0.12 0.020
152 0.74 0.050

154 98.69 0.100




Table 2. Contribution of Other Isobars for Fission Product Sm Isotopes

Isotope Fission Products Natural
144 Nd, Ce Nd, Sm

145 Nd Nd

146 Nd Nd, ““Ba”0

147 Sm, Pm Sm

148 Sm, Nd Nd, Sm, "*Ba""0O

149 Sm Sm

150 Sm, Nd, “"Ba"0O Sm, Nd, “*Ba"0

151 Sm, Eu Eu, "Ba’0

152 Sm Sm, Gd, “*Ba’0, **Ce'°0O
153 Eu, “'Ba’O Eu, “'Ba’O

154 Sm, Eu, Gd, "*Ba’O Sm, Gd, **Ba"0, **La’®0, **Ce"0
155 Eu, Gd, ""La"’0 Gd, *"La™0

156 Gd, *Ce™O Gd, Dy, *“'Ce"0O

- ignored for the contributions of the compounds with 0 and®0



Table 3. Determination of Samarium and its isotopes in a PWR Fuel Sample by
Isotope Dilution Mass Spectrometry

Quantity( « g)
Isotope
Calculatedx Measured

"'Sm 0.086 0.108
"Sm 0.079 0.066
Sm 0.001 0.004
Sm 0.116 0.126
'Sm 0.005 0.006
“Sm 0.058 0.050
Sm 0.018 0.021
Total 0.363 0.381

* calculated from ORIGEN2 by assuming that the specific gravity of HNOs
solution before and after fuel dissolution not be changed.



Fuel solution HNO3(1+1)

— Evaporate to dryness

— Add 0.2 mL 1 M HF and 0.5mL 1M HC104

— Evaporate to dryness

— Add 0.5mL 12M HCl and transfer to lst column
(— Elute with 6émL 12M HC1

Anion exchange resin AG 1 X 8 1 st step
100 - 200 mesh, ClI form, 5 cm H

F.P Fraction

— Evaporate to dryness
— Add 0, 5mL ¢-HNO3 and evaporate to dryness
— Add 0.2 mL 30% H;0, and 1mL IM HNOs and evaporate to dryness
— Transfer to 2nd column with 0,5mL loading sol 'n[c-HNO3 - EtOH(1:10)]
Pass 5 mL washing sol ‘'n(1 M HNO3/90% MeOH)
Pass 10 mL eluting sol 'n(0.5 M HNO3/80% MeOH)
[— Elute with 7 mL eluting sol’n

Anion exchange resin AG 1 X 8 2 nd step
200 - 400 mesh, Cl form, 7 cm H

vV Vv v . Discard

Ba/Sm Fraction

Fig. 1. Separation scheme-1 for Sm in PWR spent fuel.



Ba/Sm Fraction

— Evaporate to dryness

— Add 1mL 4 M HCl1 and evaporate to dryness

— Transfer to 3rd column with 0.2 mL 0.2 M HIBA solution(pH 4.5-4.6)
{— Elute with 15 mL 0.2 M HIBA solution(pH 4.5-4.6)

Cation exchange resin AG 50W X 8 3 rd step
200 - 400 mesh, H form, 7.5 cm

— Collect in Teflon beaker

— Evaporate to dryness

— Add 0.5 mL c-HNO3 and 0.5 mL 30% H:0;
— Evaporate to dryness

— Concentrate with 5 dps 1M HNOj

Mass spectrometry

Fig. 2. Separation scheme-II for Sm in PWR spent fuel.
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