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Method Validation and Uncertainty Analysis for the Determination of Multiple Impurity
Elements in Triuranium Octoxide by ICP-OES

Deng Haiping, Wang Dabo, She Guifeng, Fang Kerui
CGNPC Uranium Resources Co., Ltd., China Guangdong Yangjiang 529500

Abstract: To address the interference of high-concentration uranium matrix on the determination of trace impurities in
triuranium octoxide (U,0y), an analytical method was established based on CL-TBP extraction chromatography resin
separation combined with inductively coupled plasma optical emission spectrometry (ICP-OES) for the simultaneous
determination of seven elements: iron, calcium, magnesium, molybdenum, titanium, vanadium, and zirconium. By
optimizing the separation conditions and correcting the analytical spectral line for vanadium, matrix effects and
spectral interferences were effectively eliminated. The method exhibited excellent performance in terms of sensitivity,
accuracy, and precision. The detection limits of all elements were far below the requirements of national standards, the
verification results using certified reference materials were accurate and reliable, and good repeatability was achieved
at different spiking levels. Furthermore, through a systematic evaluation of the measurement uncertainty for calcium,
the sources and contributions of various errors were identified, confirming the reliability and data quality of the method.
With high sensitivity and strong anti-interference capability, this method is suitable for quality control of U,O, products
in the nuclear fuel cycle.
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Fe Ca Mg Mo Ti \Y Zr \
P /nm 259.94 422.673 280.27 202.03 334.941 310.23 343.823 290.88
SEASR R 4695.5 113753 22342 42 436 -1370 185 857
WREE /mg + L7 0.235 0.282 0.174 / / —-0.036 / 0.090
F2 ELEMHRIIELER
AT
REMREE ( mgm/t ) _ KtIR  pg/e)
7_5;? 7|‘$uuﬁ? i _
1 2 3 4 5 6 7 JFENE TR | ERE TR | B A

Ca 0.327 0.023 0.029 0.023 0.023 0.026 0.028 0.164 1

Fe 0.001 0.001 0.001 0.001 0.001 0.001 0.010 0.220 2

Mg 0.023 0.004 0.005 0.004 0.004 0.004 0.005 0.031 1

v -0223 | -0.09 | —0097 | -0.100 | -0.105 | —0.114 | —0.110 0.437 1 &k
Mo 0.009 0.005 0.004 —0.001 0.000 0.001 0.000 0.146 2

Ti 0.002 0.001 0.001 0.001 0.000 0.001 0.001 0.024 2

Zr 0.001 0.000 0.000 0.001 0.000 0.000 0.004 0.096 1

RINEU =R EMRERTRNELE R
TCH Ca Ti Mo Fe \Y%
MWEE (ng/g) 96.48 7.38 30.8 72.74 1.36
PRAEE (pg/g) 97.6+10.1 8.05+1.75 282+2.8 77.6+7.6 1.55+0.45
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TR R P2 FEm3 PS4 FE&S FEdhe | SENPEESIE R | HinEE | AERE
Ca 5.900 5.600 5.775 5.500 5.725 5.625 5.688 5.5 2.5 %
Fe 7.738 7.563 7.938 7.538 7.313 6.763 7.475 7.0 5.4 %
Mg 2.675 2.325 2.625 2.650 2.700 2.850 2.638 2.5 6.5 %
\ 2.325 2.250 2.125 2.025 2.0250 2.1500 2.150 2.0 5.6 %
Mo 2.425 2.375 2.400 2.450 2.400 2.400 2.408 2.5 1.1 %
Ti 2.775 2.800 2.775 2.800 2.725 2.700 2.763 2.5 1.5%
Zr 2.625 2.700 2.600 2.600 2.575 2.575 2.613 2.5 1.8 %

ibr4s pefU&E (pe)

TE P P2 B3 Edine, FEfh5 FESLG | SEPES SR | Be O | AR
Ca 46.692 46.967 46.417 46.367 46.717 47.367 46.754 45 0.8 %
Fe 41.738 42.063 42.088 41.988 41.563 42.763 42.033 45 1.0 %
Mg 43.817 44.192 44.092 43.992 43.292 44.917 44.050 45 1.2%
\Y 41.725 41.425 40.975 40.400 41.400 41.650 41.263 45 1.2%

Mo 49.313 49.988 50.013 49.963 47.663 48.213 49.192 45 2.1 %
Ti 42.779 43.329 43.304 43.254 44.129 44.079 43.479 45 1.2 %
Zr 47.904 47.629 47.229 47.229 46.579 47.629 47.367 45 1.0 %

R5 TIEM&HREEMERNELER

oy TAFhekikE TEHRIR A (] FESL RS PRSI E
e ¢, pg/ml) L L |8 (ug/g) (mg/L )

1 0 1959.10 1921.7 1850.3 29.81 0.3950

2 0.1 45246.4 44833.4 44776.0 30.40 0.4020

3 0.2 70098.4 69833.7 68750.1 29.81 0.3870

4 0.5 177459.2 178838.8 178637.3 31.69 0.4050

5 1.0 383281.5 383239.8 387033.9 28.84 0.3760

6 2.0 813428.8 826177.2 821560.8 30.43 0.3830
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