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For the remote analysis of low DF TRU (Decontamination Factor Transuranic) fuel,
Laser Induced Breakdown Spectroscopy (LIBS) was applied to uranium oxide including a
small amount of calcium oxide (~3306ppm(weight)) as a sample, and the spectrum emitted
from laser-breakdown plasma was examined. The characteristics, such as spectrum
intensity and plasma excitation temperature as a function of laser power, were measured
using time-resolved spectroscopy. As a result, the laser power of around 5 md was found

optimum to obtain the stable intensity and narrow line width of spectrum.

Keywords: Laser Induced Breakdown Spectroscopy, Natural Uranium, Calcium, Delay

Time, Impurity, Nuclear Fuel, Laser Power, Plasma Temperature

Present study is the result of “Development of laser remote analysis for
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1. 5

L —H—7 L —27 X 5545 6 (LIBS: Laser Induced Breakdown Spectroscopy) 23 i 4.
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Fig. 1 Experimental Setup.

Table 1 Experimental condition and apparatus

Laser Q-switched Nd-YAG laser (Brilliant B/ Quantel)
Wavelength 532 nm
Pulse width 4.5 ns
Repetition rate 10 Hz
Energy 0.2~60 md/pulse
Beam diameter 8 mm

Focal length of focusing lens 200 mm

Spectrometer Echelle Spectrograph (ARYELLE / LTB)
Resolution of wavelength 218000 (@3pixels)
Range of wavelength 250~ 750nm (@1shot)
Delay time 50us
Gate duration 10pus
Number of integrate 10

Optical fiber 200-1050nm transmission/ 400 u m core/ 2m length

Collecting mirror 50mm aperture / 100mm focus length

Atmosphere Ar (2kPa)
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Fig. 5 Boltzmann plots for U I and U II at 0.4, 5.0, 20.0 and 50.0mdJ laser power
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Fig. 6 Plasma excitation temperatures vs. laser power for uranium atom and ion.
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Fig. 7 Emission spectra of natural Uranium including Calcium

The arrows show the spectra of calcium.
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Fig. 8 Emission spectra (893-423nm region) of

uranium including calcium
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Table 2 Identified data of calcium spectra measured within uranium spectra

No | Measure “CFA Scientific Divisions: AMP: Databases”

—ment
Wave- Wave- log(gf) | Ele— | Energy J Configu— | Energy J Configu—
length length ment Level ration Level ration
(nm) (nm) (eV) (eV)

a| 393.369| 393.3663 | 0.134 | Ca II 0.000 | 0.5 |4s 3.151 | 1.5 |4p

b| 396.868| 396.8469  -0.166 | Ca | II 0.000 | 0.5|4s 3124 | 05 |4p

c| 422706 | 422.6728 | 0.243 | Ca |1 0.000 0| 4s® 2933 1| 4sdp

A | 393.305| 393.2021 | -0.528 |U | II 0.036 | 5.5 | f’d? 3.188 | 6.5 | f’sp

B | 396.757 | 396.6549 | -0.070 |U |1II 1.044 | 45| f's 4170 | 55 | fp

C | 394484 3943816 | 0.099 (U |1 0.000 6 | d7s® 3.143 6
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