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Abstract Feasibility of rapid quantitative analysis for trace impurities in uranium materials is studied using
laser induced breakdown spectroscopy (LIBS). LIBS system is set up with a KrF excimer laser and an AvaSpec—
2048 fiber optic spectrometer. Spectral data both of uranium and impurity elements are detected and analyzed
in a range of 200~460 nm wavelength. The influence of pulse number and delay time of spectrometer detection
on the characteristics of uranium and impurity elements is investigated respectively. Three kinds of impurity
elements Fe, Cu and Al in uranium are quantitatively analyzed with characteristic spectra at 438.3, 427.5,
396.2 nm respectively. The relative error of quantitative measurement is less than 12% when the laser energy is
28 mJ and time delay is 1.5 ws. The experimental results show that laser induced breakdown spectroscopy
which has relatively lower relative error and limit of detection can be used for rapid quantitative analysis of
trace impurity elements in uranium materials.
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Fig.1 Diagram of LIBS experiment setup
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Table 1 Content of Fe, Cu, Al in No.1~6 samples measured with [CP=AES

Sample No. Fe /(nglg) Cu /(p.gle) Al /(glg)
1 270 10 21
2 40 14 101
3 189 55 65
4 149 14 66
5 229 19 105
6 167 22 52
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Fig.2 (a) Emission spectra of U and Al; (b) relationship between spectrum intensity of uranium and delay time
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Fig.3 (a) LIBS spectra of O; (b) line intensity of O 422.6 nm and Al 396.2 nm as a function of laser pulse number
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Fig.4 (a)~(d) LIBS spectra of uranium sample No. 1 within different wavelength ranges
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Table 2 Parameters of calibration curves and results of quantitative analysis

Element Cu Fe Al
Analytical line /nm 427.5 438.3 396.2
Correlation coefficient value 0.992 0.996 0.998
Calibration slope 93.66 18.06 32.78
Loy /(.g/g) 9.45 33.74 15.80
Real concentration /(pg/g) 22 167 52
Measured concentration /(pg/g) 20.6 186.7 47.9
Relative standard deviation /% 6.4 11.8 7.9
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