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lear industry, in this paper, a femtosecond LIBS(fs-LIBS) system was used to quantitatively analyze Thori-
um (Th) in a highly pure graphite matrix. According to the Th concentrations in the Thorium-based fuel, a
total of 9 homemade Th,0Os-graphite mixture samples with Th concentrations that varied from 0.35% to
35.15% were prepared by the standard addition method. The favorable experimental parameters such as the
treatment methods for LIBS detection, laser pulse energy and delay times were studied before the quantitat-
ive analysis. The results show that the signal intensity of the fs-LIBS spectrum acquired by the scanning with
moving method is significantly higher than that without the moving method. For the Th I 396.21 nm line, the
Relative Standard Deviation (RSD) value of multiple measurements for the scanning method was just 5.7%,
which was much lower than that of without the moving method (20.4%). The Th spectral lines show obvious
saturation due to the self-absorption effect in the higher concentration region, and thus the basic calibration
method was no longer applicable. Therefore, an exponential function was used to fit the spectral line intens-
ity and concentration in the whole concentration region, and the concentration saturation threshold values
corresponding to the analytical lines Th I 394.42, 396.21, and 766.53 nm were obtained. The basic calibra-
tion method has good detection performance when the calibration curves were constructed by using a lower
concentration below the saturation threshold. For the peak area and peak intensity of each analytical line, us-
ing the internal standard method with the internal standard line (C I 247.85 nm), a good linear relationship
can be found between them and the Th concentrations in the whole concentration region, especially for ana-
lytical line Th I 766.53 nm with a higher saturation threshold. The internal standard method had good predic-
tion performance for unknown samples with higher concentrations. The above results show that fs-LIBS has

the potential to monitor and analyze the thorium concentration in the thorium-based fuel cycle.
Key words: femtosecond laser-induced breakdown spectroscopy; Thorium; nuclear fuel; quantitative analysis
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Tab.1 Fitted parameters from the curves for analytical

lines using exponential equation

Area Intensity
394.42 nm 396.21 nm 766.53 nm 394.42 nm 396.21 nm 766.53 nm
Yo 117.82 182.75 330.22 568.25 960.34 551.86
A —108.81 —162.09 -326.49  —528.86 —826.96 —534.61
t 8.27 7.78 14.62 6.04 6.07 10.25

R 0.994 0.996 0.989 0.990 0.981 0.993
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Tab. 2 Fitted parameters from the calibration curves for

analytical lines in the lower concentration re-

gion
Area Intensity
394.42 nm 396.21 nm 766.53 nm 394.42 nm 396.21 nm 766.53 nm
a 13.04 26.99 8.62 65.05 0.218 26.08
b  8.04 0.135 16.31 49.06 13.24 32.31
R*  0.996 0.959 0.897 0.950 0.931 0.978
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Fig. 8 Calibration curves with C I 247.85 nm line as the

internal standard line
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Tab.3 Fitted parameters from the calibration curves

for analytical lines using internal standard

Rarea Rmtensxty

394.42 nm 396.21 nm 766.53 nm 394.42 nm 396.21 nm 766.53 nm

a 012 0.24 0.04 0.08 0.22 0.02
b 0.08 0.13 0.19 0.06 0.10 0.05
R 0972 0.959 0.929 0.928 0.921 0.941
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Tab. 4 Fitted parameters of the calibration curves us-
ing internal standard and the results of the pre-

diction for 9# sample
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