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For the remote analysis of low DF TRU (Decontamination Factor Transuranic) fuel,
Laser Breakdown Spectroscopy (LIBS) was applied to uranium oxide including a small
amount of calcium oxide. The characteristics, such as spectrum intensity and plasma
excitation temperature, were measured using time-resolved spectroscopy. As a result, in
order to obtain the stable intensity of calcium spectrum for the uranium spectrum, it was
found out that the optimum observation delay time of spectrum is 4 microseconds or more

after laser irradiation.

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

Time, Impurity, Nuclear Fuel

Present study is the result of “Development of laser remote analysis for
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Nd YAG laser
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it — & —% AW T REKFEHSKHIZT 1300C
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Lo L= =Dz Rx X -2 EREREE Fig. 1 Experimental Setup.
— LA AT Y v —Fa—T7%HnT
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A#hEE 50 D 90 FLARIMALIEM B $i 4 2 Kol AE& O 12463 T NA=0.22, =27 %% 0.4mm
DI T L —FDOAHT 7 A "—%B LT ICCD # A Fff Echelle Bl A 2 — > 755 43(LTB
ARYELLE)(T38 & 250~1050nm GHE el & I £ 250~750nm) DOHiFHD A7k LZDUN Tl
MR a2 AT > 72,

HE BRI 2 1ps ICERE L, L—V—RKN» O8I E COBMEILREM % 0.0~10us
F O S H Tz, EFRRT A —FEDOFEM %A Table 1 2R,

mirror

beam diameter
d=8mm

focusing lens
f=200mm

laser
induced
breakdown
plasma

ICCD array
camera

Table 1 Experimental condition and apparatus

Laser Q-switched Nd-YAG laser (Brilliant b / Qauntel)
Wavelength 532 nm
Pulse width 4.5 ns
Repetition rate 10 Hz
Energy 5 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 0.0~10.0us
Gate duration lus
Number of integrate 10

Optical fiber 200-1050nm transmission/ 400 1 m core/ 2m length

Collecting mirror 50mm aperture / 100mm focus length

Atmosphere Ar (2kPa)
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Fig. 2 Emission spectra of U including Ca as a

function of the delay from the laser pulse.
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SNl BT, 77 b—3 3 2 K D AR
4.56 X10° u m3/puls, 2356727, WY Fig. 3 Confocal laser scanning microscope
R OBEORMNNECTH o772, 7% image of the typical produced by 10 shots of
BEZRABLDLZ LI TERhoTz, laser pulse.
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Fig. 6 Emission spectra of natural uranium including calcium

The arrows show the spectra of 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 3151 15| 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 | -0528 |U |1 0.036 | 5.5 | fd? 3.188 | 6.5 | f’sp
B 396.757 | 396.6549 | -0.070 U |II 1.044 | 45 f's 4170 | 55| fp
C 394484 | 394.3816 | 0.099 |U |1 0.000 6 | d7s? 3.143 6

PREITHEE LS 72 5, BUAEERH 2 EBWGEIE, 2O TH D, BMIZE N DMED AWM 2 54T
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i« 77 X< iR AR R DWW CTRRIT T 2 BN B 5,

ZIZT, NI THLI NV T LERMTHLD T DAY MRS 72012, BLHIE
JERERT 5 s THIE L2 AT b A O2EG % Fig. 6 177, A7 MVREITE K 436.325nm
DY T DAY FATEIEE L, AL LTHRIMLIE LT T LD D LR TEIZ AT |
NEFRHa, b, ) TR LT, 70, KUZRAITR LT AT ML &E A7 hUVENT Y 7~ PLASUS
SpecLine & Center for Astrophysics(CfA)? Atomic and Molecular Physics(AMP) Science
Group 2314 V' Z—F v N TAMLTWA T —# X—R 2% H L CRIEEZITo 70, ZORE%E, #
BENTZH N T EDARY MVIEA A AT RV 2 K(a, b) LT ALY R 1 AKe) Tho
o Flo. IS 3ARKODANT T HEANRT MVOEHIZH DT T VAR MAD I B AT b
JVBREE S EEB IR < FEBEN 72 0 T L DA F U AR FvE 2 KA, B), JRF AT RLE 1 AR(C)
B, ZELMRADINO AT FAT =2 2B, WL T DAY FLOT —H LI Table
2R LT, WIS, 2B 6 KDANRY RLD

3x10* T T T T T 7/ T

BINEAEREE 0.5, 5.0, 10.0ps RED AT K AUI:3932020 T ggus
——50us
100us

v Fig, TR 7, BT & kbt 4 M
WT 6 ARDARY MVEEIRFICR LTz, L—H
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WS D AT N OVBREE I OREZNT b~
FEXTBOIZTIY, Bus RED AT kL & i3 . —
B LD A RIS S A 1 e

. Wavelength (nm)
Nt N B Z OfiE L A } .. .
BN ERRCHD, ZOBMEFA LT A Fig. 7 Emission spectra (393-423nm region) of
FONKVBEETHDLELIICR XD,

a Ca 11:393.3663
)

2x10* - b Ca II:396.8469 4

Intensity (counts)

CU1:394.3816 B UII:396.6549 |
1x10* | i

c Cal:422.6728

uranium including calcium
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a) b) 40000
' ' ' ’ ' X = a: Call (393.3663 ' '
25000 | ® & Call (393.3663nm) R 2 Gall (39 setonm)
" ° o b: Gall (396.8469nm) © o Cal (422.6728nm)
- o @ c: Gal (422.6728nm) * A UII (3932021nm)
el o * A UI(393.2021nm) 1 2 T o 8 Ull (396.6549nm) 1
£ o B: UIl (396.6549nm) £ = C: UI (394.3816nm)
3 - 3
2 o) & C: UI(394.3816nm) | g o
g S o
Z z 20000 |- o L o -
12} (7]
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Fig. 8 Spectra intensity of uranium and calcium.

a) As a function of delay time b) As a function of plasma temperature
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a) As a function of delay time b) As a function of plasma temperature
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Fig. 10 Spectra intensity ratio of uranium and calcium as a function of delay time.
a) The intensity ratio for uranium ion spectra at 393.202nm.

b) The intensity ratio for uranium atom spectra at 394.382nm.

¢) The intensity ratio for calcium ion spectra at 393.3662nm.

d) The intensity ratio for calcium atom spectra at 422.6728nm.
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