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Development of High-Sensitive Plutonium Valence State Spectrometer
FU Jian-li, WU Ji-zong, ZHANG Li-hua, FAN De-jun, QIAN Hong-juan, LIU Huan-liang
China Institute of Atomic Energy, P. O. Box 275(88), Beijing 102413, China

Abstract: A high-sensitive plutonium valence state analysis installation has been developed
by using liquid waveguide capillary cel(LWCC) and optic fiber. A 0.5 m LWCC is connected
via optical fibers to a spectrophotometer. The analysis installation is small and portable, the
operation is simple and rapid. The application of LWCC and optic fiber, improves markedly
the sensitivity of the analyzer. Furthermore, it can be used to analyze remote radioactive
samples. The determination precisions of Pu([[), Pu(IV)and Pu(V[)are 2.3%, 3.7% and
5.6% respectively for Pu solution and the detection limits of the method of them are
0.99 mg/L, 1.08 mg/L and 0.03 mg/L respectively. Therefore the installation has the
prospective application in the analysis of Pu valence state in the nuclear fuel reprocessing.
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Fig.1 The structure of liquid waveguide capillary cell
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Fig. 2 Cross-sectional view of light transmission in LWCC
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Fig. 3 Installation of high-sensitive plutonium
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Fig.4 Transmissivity of capillary cell

at different optical length
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Fig.5 Interface of analysis program
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Table 1 Transmissivity of water at LWCC

% 11t # (Percent transmission) /%

A/nm

50 cm LWCC 100 em LWCC
476 39 19
564 41 22.5
830 8.2 1.2
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Table 2 Detection of effective optical length

A LwCC
G RO
A/nm 50 cm 1 em 62 (Conventional (Effective
LWCC spectrophotometer, pathlength) /
1 cm pathlength) cm
538 0.7511 0.0157 47. 8
811 0.899 0 0.0199 45.1
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Table 3 Accuracy measurement of wave length

A/nm A/nm
PR {E ) 4 {E PR W
(Standard (Measured (Standard (Measured
value) value) value) value)
435. 84 435. 89 772. 40 772.50
546.08 546.12 794. 82 794. 89
576. 96 577.02 800. 62 800. 71
579.07 579.13 811.53 811.61
696. 54 696. 63 826. 45 826. 54
738. 40 738. 48 840. 82 840. 90
750. 39 750. 45 842. 46 842.55
763.51 763.58 912. 30 912. 39
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Table 4 Result of measurement precision
A/nm A s/ % A/nm A se/ % A/nm A s/ %
811 1. 000 3 0.15 478 0.8416 0.12 538 0.690 4 0.17
1.001 7 0.8386 0.6889
1.000 3 0.8397 0.6879
1.002 5 0.8395 0.6880
1.003 5 0.839 8 0. 6876
1.003 3 0.8399 0.687 1
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Table 5 Absorbance value and concentration and precision for different valence Pu
v A o/(mg+ L")
P it (Sample) Pu(V) PuCll) PuCV) PuC(IV) PuCll) PuC VD) . (TotaD Pu
1 0.482 8 0.3321 0.1215 31.5 40. 6 1.5 73.6
2 0.477 9 0.3291 0.116 2 31.1 40. 2 1.4 72.7
3 0.497 3 0.3517 0.1154 32.5 43.0 1.4 76.9
4 0.483 6 0.3325 0.1141 31.5 40. 6 1.4 73.5
5 0.4829 0.327 2 0.1176 31.5 40. 2 1.4 73.1
6 0.482 2 0.326 1 0.1165 31.5 39.7 1.4 72.6
7 0.478 1 0.3154 0.1213 31.1 38.2 1.5 70. 8
8 0.4956 0.3356 0.1258 32.5 41. 1 1.6 75.2
9 0.51114 0.3530 0.1253 33.5 43.5 1.6 78.6
10 0.494 7 0.3326 0.124 4 32.0 40. 6 1.5 74.1
74. 1P
- - - 2.3%2 3.7%® 5.6%% 3.0%%
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Table 6 Blank and the detection limit

A
No.
476 nm 564 nm 830 nm

1 0. 005 356 0.001 620 0.002 391
2 0.004 973 0.002 150 0.001 343
3 0.006 265 0.002 597 0.002 607
4 0.005 551 0.006 174 0.002 876
5 0.010 690 0.008 915 0.004 691
6 0.017 600 0.001 981 0. 002 845

0.004 971" 0.002 965" 0.001 087"

0.014 914» 0.008 8962 0.003 2622

0.99 mg/L¥» 1. 08 mg/L?» 0.03 mg/L¥»

7 (Notes) : 1) s
2) 3s
3) £ H PR (Detection limit)
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