495 921 ¥ $ AR NUCLEAR TECHNIQUES Vol.49,No.2
2026 2 H www.sciengine.com/NT February 2026

%A X P& RUEIE A E N E AR+
WS ENS A

ReEA RS RR4ER] RigT XLk A R

(P EJEFRERIZEE BT JERT 102413)

THE TP Z RS A ERE Sl BRI, SR B 200 5 X ST RIRBOEREVE , L T Al VBRI
JEZ [ BF 00 2 R AR BB IR A 3 b7 7 v o S I 4 S0 R R 0 KW S A L RACI 8 ST A 0 o R B A B
FERN 2 TR LR MR A 10 8 B A WA, S T 210 4 R S B BN ik, T as BR B, B PR A
20~100 g L' Bl Y BRI BEXE 10~40 g« L7 Y PO IS, Al BRIR BE 5 5t 7 AT 65 SR A SR 25 3 7E 5% DL, Al B A
o Ao VR Al 25 2.5% LAPY , AR IR o b v i 25 AT LIA 3 3.4% LA o AR SCSEBLI K AR LI R 20 i e B9
M5 e R R AT R 2 B o, 380 e A% R B ) 2 e R Rl Rt el VBB i, TP T SRR S R R T
KEER 2T, XUTERM, R E

FESES TL27

DOI: 10.3724/j.0253-3219.2026.hjs.49.250330

CSTR: 32193.14.hjs.CN31-1342/TL.2026.49.250330

X-ray absorption multi-edge analysis method for simultaneous determination of

U and Pu concentrations in solution

XIONG Chaojie KANG Haiying ZHENG Weiming ZHU Haigiao WU Yulong ZUO Chen

(China Institute of Atomic Energy, Beijing 102413, China)

Abstract [Background] Determination of uranium and plutonium in fast reactor spent fuel reprocessing is vital for
the quality control of process and products. [Purpose] This study aims to establish a non-destructive analytical
method for simultaneous determination of uranium and plutonium. [Methods] The X-ray absorption spectrum
method based on K-edge and L-edge of U and Pu was applied to developing the determination method of uranium
and plutonium content. After obtaining the spectra of standard mixture solutions of U and Pu samples, a standard data
process for mathematical model based on multivariate linear fitting method was established to simultaneously
measure the concentration of uranium and plutonium in solution. Finally, measurements were conducted on samples
with different concentrations to evaluate the stability and accuracy of the quantitative analysis method. [Results]
Measurement result shows that the relative deviation of measurement results is within 5% within the concentration
range of 20 g-L™" to 100 g+ L' for uranium and 10 g-L™" to 40 g-L™" for plutonium. The precision of uranium is better
than 2.5% and the precision of plutonium was better than 3.4%. [Conclusions] The established method can be used

for the quantitative analysis of uranium and plutonium with good measurement accuracy and repeatability, hence be
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used in practical application.
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Table 1 The concentration of U and Pu for reference samples preparation
P S UK Pu I & GRE TR UKRE Pu V& &
Sample No. U/g-L" Pu/g-L" Sample No. U/g-L" Pu/g-L"
1 20 10 11 20 30
2 40 10 12 40 30
3 60 10 13 60 30
4 80 10 14 80 30
5 100 10 15 100 30
6 20 20 16 20 40
7 40 20 17 40 40
8 60 20 18 60 40
9 80 20 19 80 40
10 100 20 20 100 40
IR RE AR B IR S, AT LES 2 S RMITIE
B A1 FL U 9 R S DA S AR 5% O SR I )i K S BOG i
VE /N 2.1 RIEHERLIES X

HARRE AL AT — € RBUR T T AT (R SR IR IAE T

2R E 2 Fir s B R R O 1 B AT A0 B L 45

o M =] EEN= A B
BT F A E R TE R, BB IR
Background Transmittance O
SpeciialDas }—’ Smagofh Substraction Spectra Calculation [ ) Eneigy Calibratin
A
Quantitation Transmittance Region Fitting at
Result Output < Model — Calculation at — Both Sides of
Absorption Edge Absorption Edge
2 JGiEHER AR

Fig.2 Flow chart for spectral data process
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Table 2 Veracity for the measurement concentration of U and Pu by K-edge

B 5 2% {H Reference value & Measuring value
Sample No. U/g-L" Pu/g-L" U/g-L"  UMEZE Pu/g-L"  Puklxifhz
U relative deviation / % Pu relative deviation / %
1 100.201 9 39.9857 101.20 40915 2.32
2 100.198 3 29.9893 99.136 -1.06 30413 1.41
3 100.206 7 19.992 8 99.114 -1.09 20.937 4.72
4 100.233 4 9.996 4 99.707 -0.53 10.488 4.92
5 79.728 1 39.9857 79.703 -0.03 39.434 -1.38
6 80.116 7 29.989 3 81.287 29.677 -1.04
7 79.638 1 19.992 8 80.034 19.716 -1.38
8 79.864 0 9.996 4 80.046 10.482 4.86
9 59.5392 39.9857 58.663 -1.47 39.850 -0.34
10 59.5213 29.989 3 59.308 -0.36 29.667 -1.07
11 59.532 1 19.992 8 59.322 -0.35 19.265 -3.64
12 59.626 9 9.996 4 60.510 10.425 4.29
13 39.444 5 39.9857 38.687 -1.92 41.282 3.24
14 394225 29.989 3 39.463 29.600 -1.30
15 39.398 0 19.992 8 39.608 20.264 1.36
16 39.402 8 9.996 4 40.144 9.679 -3.18
17 19.178 7 39.9857 18.482 -3.63 39.542 -1.11
18 19.3211 29.9893 19.503 31.017 343
19 19.464 2 19.992 8 19.442 -0.11 19.363 -3.15
20 19.376 6 9.996 4 20.284 9.498 -4.99
3 . HEIFDNEERNIEEE (n=6)
Table 3 Precision of the concentration of U and Pu simultaneous determination results (7=6)
FedbJ7S  Z%5{H Reference value W {8 Measuring value
Sample No. /gL Pu/g-L" U/gL" BT AE R B 94 AR 72 Pu/g-L" ERIAI AR R B viE fh 22
URSD/ % PuRSD /%

1 69.687 9 19.992 8 69.414 0.66 20.045 3.39

69.733 2 29.989 3 69.445 0.76 30.042 2.14

19.178 7 39.9857 18.482 1.70 39.542 1.49
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Table 4 Veracity for the measurement concentration of U and Pu by L-edge

FEahy 5 22 Reference value 18 Measuring value
Sample No.  j/g-L" Pu/g-L" U/g-L" U AH X ff 22 Pu/g-L"  Pukixihiz
U relative deviation / % Pu relative deviation / %
1 100.201 9 39.9857 100.42 0.22 39.648 0.84
2 100.198 3 29.989 3 100.241 0.43 30.396 1.36
3 100.206 7 19.992 8 100.17 -0.04 19.120 -4.37
4 100.233 4 9.996 4 100.61 0.38 10.340 3.44
5 79.728 1 39.9857 79.073 -0.82 40.386 1.00
6 80.116 7 29.989 3 80.967 1.06 30.056 0.22
7 79.638 1 19.992 8 80.738 1.38 20.541 2.74
8 79.864 0 9.996 4 80.885 1.28 10.423 4.27
9 59.5392 39.9857 59.041 -0.84 40.415 1.07
10 59.5213 29.989 3 59.743 0.37 31.000 3.37
11 59.532'1 19.992 8 60.068 0.90 19.758 -1.17
12 59.626 9 9.996 4 60.981 2.21 10.098 1.02
13 39.444 5 39.9857 39.051 -1.00 39.067 -2.30
14 394225 29.989 3 39.369 -0.14 29.967 -0.07
15 39.398 0 19.992 8 39.917 1.32 18.839 -0.77
16 39.402 8 9.996 4 40.823 3.60 9.869 5 -1.27
17 19.178 7 39.9857 19.006 -0.90 39.338 -1.62
18 19.3211 29.989 3 19.465 0.74 31.127 3.79
19 19.464 2 19.992 8 19.541 0.39 19.868 -0.62
20 19.376 6 9.996 4 19.364 -0.07 10.400 4.04
=5 . HEIFDNEERNEEE (n=6)
Table 5 Precision of the concentration of U and Pu simultaneous determination results (7=6)
eSS 2% {H Reference value Wl 215 Measuring value
Sample No.  y/g-L" Pu/g-L" U/g-L" T R AFDOT o 7 it 22 Pu/g-L" R PRI AES s 1 Al 22
URSD/ % PuRSD /%
1 69.687 9 19.992 8 69.828 0.37 19.850 1.53
69.733 2 29.989 3 69.666 0.36 30.056 1.84
19.178 7 39.9857 19.006 2.21 39.338 1.51
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Table 6 Verification of the calculation results of K-edge
method and L-edge method

Bt S K 5 &8 L4 518
Sample Measuring value Measuring value
No. (K-edge) (L-edge)
U/g'L" Pu/g-L"U/g-L" Pu/g-L"
1 68.772  19.376  69.997  19.949
2 69.762  19.821  69.481  19.693
3 69.428  20.155  69.666  20.163
4 68.934  21.156  70.071  19.235
5 69.803  20.388  69.667  19.906
6 69.782 19376  70.084  20.152
SPHJ{E Average  69.414  20.045  69.828  19.850
i fi 2 0458  0.680 0255 0348
Standard deviation
t, 1.934
bou 0.628
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