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For applying Laser-induced breakdown Spectroscopy (LIBS) to the analysis of nuclear fuel 
materials, it is very important to investigate the analytical method to identify the emission 
spectrum and its intensity on impurities intermingled within complex emission spectra of 
matrix elements such as uranium (U) and plutonium (Pu). Experiments using gadolinium 
(Gd) as simulated sample, in which several 100ppm of copper (Cu) was contained, were 
performed and the analytical performance was estimated. The spectrum was decomposed 
into each peak of some spectra component on Gd and Cu. And the result, intensity of Cu 
component intermingled in Gd was determined quantitatively. In order to evaluate the 
linearity in the impurity analysis, the experiments with various concentration of Cu were 
carried out. The detection limit was determined to be about 70ppm from the equivalent noise 
level which was estimated from the standard deviation in wavelength. The results curried 
out under the other laser conditions (intensity and wavelength) ware also evaluated. 

Keywords Laser Induced Breakdown Spectroscopy, Quantitative Analysis, Nuclear Fuel, 
Copper, Gadolinium, Analytical Curve, Detection Limit 

Present study is the result of “Development of laser remote analysis for 
low-decontaminated TRU fuel” entrusted to Japan Atomic Energy Agency by the Ministry 
of Education, Culture, Sports, Science and Technology of Japan (MEXT). 
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Fig 1 Experimental set up 
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2.
Fig 1 ( ) Cu 6

Gd 1064nm 10Hz
8ns 2.5mm 8.5m /pulse Q Nd:YAG Brilliant 
Ultra 75mm

45
Echelle LTB ARYELLE

ICCD ( )
9 s 1 s

5000

Table 1 ( )
Table 1 Experimental condition and apparatus 

Laser Q-switched Nd-YAG laser 
 (Brilliant Ultra / Big Sky Laser) 

Wavelength 1064nm 
Pulse width 8ns 
Repetition rate 10Hz 
Energy 8.5mJ/pulse 
Beam diameter 2.5

Focal length of focusing lens  75

Spectrometer Echelle Spectrograph ARYELLE / LTB
Resolution of wavelength /8000 (@3pixels) 
Range of wavelength 250 750nm (@1shot) 
Delay 9 s
Gate duration 1 s
Number of integrate 5000 

Optical fiber 200-1050nm transmission / 600 m core 
 / 2m length 
Atmosphere Air (the pressure of the atmosphere) 
Samples Gadolinium metal containing impurities 

Sample1 0ppm/Cu 
Sample2 11ppm/Cu 
Sample3 110ppm/Cu 
Sample 230ppm/Cu 
Sample5 500ppm/Cu 
Sample6 850ppm/Cu 

Confocal laser scanning microscope Olympus OLS3000 

JAEA-Research  2008-081

−　�　−



Gd Cu
ICP

Fig 2

6

180 17 m( 2 )

8.3 0.8J/cm2

6.2 1.3 10-3mm3 Gd
(7.9g/cm3) 49
g(10ng/pulse)

250 1050nm 250
750nm Gd
(0ppm/Cu) Cu Fig 3

Cu 325nm
510nm

Gd 510nm
325nm

325nm
Cu S/N

3.

(1)
Cu Cu

325nm Gd Cu S/N
Gd Cu

Fig 4 250 1050nm 324.754nm Cu I
2nm Gd

Cu Gd
Gd Gd Cu ( nm)

eV PLASUS 

Fig 3 Emission spectra (250-1050 nm range) of
pure Gd and pure Cu 

Fig 2 Confocal laser scanning microscope 
image of the typical crater produced by 5000 
shots of laser at 1064nm 
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SpecLine Center for Astrophysics(CfA) Atomic and Molecular Physics(AMP) Science 
Group 19)

Cu Gd
0.05nm 0.04nm(=325nm/8000 @3pix)

Fig 4 Emission spectra (322.5-327.0nm region) of pure Gd and pure Cu. 
(The spectrum is assigned using the databases of Scientific Division Atomic and Molecular 
Physics (AMP)on Center for Astrophysics(CfA) ) 
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Fig 5 Emission spectra (324.5-327.0nm region) of Gd with Cu (upper) and pure Cu (lower).
(The spectra are normalized by the spectrum of Gd I: 326.673nm)  
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Fig 6 Emission spectra and fitted spectra of Gd with Cu, normalized by Gd 326.673nm 
spectrum. 
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Fig 7 Analytical curve of Concentration of Cu included in Gd. 
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Fig 9 Standard deviation of emission spectra 

4.

5mJ/pulse 2 (532nm)
Nd YAG

Sample3

Fig 10 Confocal laser scanning microscope 
image of the typical crater produced by 1000 
shots of laser at 532nm 
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4 5 1000shot Table 2

2 Fig 10
Fig 2 113 12 m( 2 )

12.4 1.3J/cm2 1.5
5.0 0.1 10-3mm3 40 g(40ng/pulse)

1.5 1
4 Fig 11

Fig 4

Table 2 Experimental condition for verification 

Laser Q-switched Nd-YAG laser  
(Brilliant Ultra / Big Sky Laser) 

Wavelength  532nm 
Energy 5.0mJ/pulse 

Spectrometer Echelle Spectrograph ARYELLE / LTB
Number of integrate 1000 

Samples Gadolinium metal containing impurities 
Sample3 A 110ppm/Cu 
Sample4 B 230ppm/Cu 
Sample5 C 500ppm/Cu 

Fig 11 Emission spectra (324.5-327.0nm region) for verification. 
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Fig 12 Analytical curve with the data for 
verification. 
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