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Fig. 1. Principle of LAAS.
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Nd:YAG laser

BS: beam splitter
VP: vacuum pump
3axis-MS: three axis motion control stage
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Diode laser
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triggering VP

Bl 2 LAAS S0 & i
Fig. 2. Schematic diagram of the experimental setup of LAAS.
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FIRUBEAM Y, SR S5 FH P T XA ot 28 T A A 3. 52
B, AR St ML 3 2 s SR AT R
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PRIMDG 235 55 B M B ROt betm = 1 55 7
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Table 1. Key device parameters of LAAS experi-
mental device.
SIS BRI 24
PRIBOG AR 2855100 kHz
Pk 1064 nm, JkFES ns, AR
oL Gl 1-—20 Hz, Hfjkihfgft i K200 mJ,
femiREd < 1%
I Semrock, 'ZPID‘?EZ_ft)\ = 395 nm, 9
AX =11 nm
. Thorlabs, F.OIEKA = 1064 nm, 7
/7 Iz S A2 ’ I
gt SEAN — 44 nm
SRR Thorlabs, #9150 MHz

3 #RE5ith
3.1 25U 028U DAL HY%ERR

B R TR RE BRI 3 i 2, L 4h-1] IOt
T T8 B N FETE SR B 29 1600 4™ e 9014 249 92000 4
U T AU AYERE W, R, 78 3R 78l R4 2% 207
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i
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JiF BRI ) Z Bl AR R A A B
il 2 AN A B A~ i A A TR RS = A A v 3 R 1 e
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TEAN AT 2 RIS AR RSO 15 5 A4
3.2.1 B ARAE S EFHFIREA

e R:OF- I

G2 PP SR B ) J2 5 A PO A o A B A
AR PE R R R ASLgR L) UO, # i S be ik
B RS T AN IR G2 SR SR ) e i 25 5
FURAEAERT [ A5 0m). ZEAE S P 43 ) FE AR R
ZE AR (He, Ar, Ny), 447K J17E 10 kPa, ¥
PR 6 A [ 22 7E 235U 2k (394.4930 nm) &b
DU 7 R0 O 25 ok 45 B8 A 35 4ok 238 o i ] 1) 22
0L, WA 4 . IETR AT LA ) 7800 i ih
BB, AR 23 IR —SE U Bl 2 55 B AR A R RS
23 UR/s5 W =N OLs ANIEE NI DA

& 4 AT, ZEAR IR DR (10 kPa), FEA
SRR AT, WO A B R gt i A R Rk
[ 220 10 ps(55 8 F A3 % M 100% FF 1R 30
Ji O B 100% B ), Al A G N 24928

10! F(b)

10[] L

Absorbance

10-2¢

0 5 10 15 20
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B3 (a) % B FURE S M (b) SEIIIH 192550/ 25U BOLTE

Fig. 3. (a) Plasma transmittance measurement; (b) measured absorption spectrum of 29U/ 23U.
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Fig. 4. Comparison of measurement results under different ambient gases (Air, He, Ar, Ny).
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A A R AR S I ) B2 T ) AR AR e
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5.28%, 4.42%, B s g 28 poh 26 8 - (A Ak
TR ML),

40 F

35 ._-\-/._./_\/\_/\/'\.
5 30 —=— He
} —o— Ar
825' —— Ny
% 20} T Al
‘0
3
F 15t ‘\./‘_‘\./‘%4

;| M
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4 5 6 7 8 9 10
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Fig. 5. The persistence of ablation plasma changes with

pressure.
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Fig. 7. Absorption spectra with different sampling delays.
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Table 2.  experimental parameter setting.
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ent concentration.
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Abstract

High precision measurement of uranium isotope ratio (?*U/?¥U) has important application in the field of
nuclear energy safety. In this paper, based on high sensitivity tunable absorption spectroscopy technology,
combined with the sample processing method of pulsed laser ablation plasma, high-precision measurement of
uranium U /80U isotope ratio in solid material is realized. In the experimental measurement, transitions near
394.4884 nm/394.4930 nm (vacuum) are selected as the 25U /?¥U analytical lines. The influence of buffer gas
and its pressure on the persistence time of uranium atom in laser ablated plasma are studied in detail.

The experimental results show that different buffer gases have different ability to restrict the movement of
particles in the plasma, which leads to different longitudinal expansion velocity of the plasma (perpendicular to
the surface of the sample), and increases the persistence time of uranium atoms in the laser beam. The effect of
pressure change on plasma evolution can be reduced by adding buffer gas. When helium is used as the buffer
gas, the persistence time of uranium atoms in the plasma is longer, which can improve the selection space of
data acquisition delay. In the ablation environment with helium, the electron number density of laser ablated
plasma is relatively low, which can reduce the influence of Stark broadening effect and obtain narrower
absorption lines, which is more conducive to the measurement of uranium atomic absorption spectrum. In order
to reduce the influence of Doppler shift effect on absorption spectrum measurement and avoid misjudgment in
spectrum analysis, it is more appropriate to carry out experimental measurement after 3us sampling delay.
Through experiments, the optimal conditions for measuring atomic absorption spectrum of uranium are
obtained. Under these conditions, five different samples with 2*U content of 4.95%, 4.10%, 3.00%, 1.10% and
0.25% respectively are measured, and the high-resolution absorption spectrum signals of ?»*U and 2*U are
obtained. The absorption spectra of samples with different content are measured and statistically analyzed, the
25U absorption signal has high linearity, the fitting correlation coefficient can reach 0.989, and the limit of
detection is 0.033% (30). The stability test of absorption spectrum signal shows that the relative standard
deviation of 23U, U and ?»U / 28U signals are 2.054%, 2.152% and 0.524% respectively. The wavelength
scanning mode is superior to the fixed wavelength spectrum measurement, and the influence of the energy
fluctuation between different ablation pulses on the spectrum measurement is weakened by the wavelength
scanning mode to a certain extent. The results show that laser ablation combined with absorption spectroscopy
technology is suitable for uranium isotope ratio analysis and has great potential applications in rapid isotope
analysis of nuclear fuel.

Keywords: laser ablation, plasma, atomic absorption spectroscopy, isotopic ratio analysis
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