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1. Introduction

The control of activities in nuclear facilities
worldwide is one of the most important tasks of nuclear
safeguard. To meet the needs for nuclear safeguard,
International ~ Atomic  Energy Agency (IAEA)
strengthened the control of nuclear activities to detect
these activities earlier. Thus, it is very important to
develop analytical techniques to determine the isotopic
composition of hot particles from swipe samples. The

recise measurement of the 234U/MU, 2BUAU and

“0U/¥U  ratios is important because it provides
information about the initial enrichment of reactor
uranium, core history, and post accident story.

Because conventional a-spectrometry is not
sufficiently sensitive for the determination of long-lived
radionuclides in environmental samples, several
analytical techniques, such as SNMS (Sputtered Neutral
Mass Spectrometry)[1], RIMS (Resonance lonization
Mass Spectrometry)[1,2], AMS (Accelerator Mass
Spectrometry)[3] etc., have been proposed for uranium
isotope measurements. In case of microparticles,
analytical techniques such as SIMS (Secondary Ion
Mass Spectrometry)[4] have been applied for the
isotopic characterization. The aim of this work was the
development of a sensitive analytical technique for
determination of isotopic ratio of uranium in swipe
samples. In this work, feasibility of LIMS (Laser
Ionization Mass Spectrometry) for the determination of
such particles has been evaluated using a reference
material of natural uranium.

2. Methods and Results

The LIMS system developed in the laboratory for
quantum optics at KAERI were used for the particle
analysis. The experimental setup was described in detail
elsewhere.[5]

2.1 Experimental setup

It consisted of a Nd:YAG laser and a linear time-of-
flight mass spectrometer. The Nd:YAG laser (532 nm)
was used as light source for ionization of the sample
and the incident angle was about 45 degree. The laser
was operated with a pulse repetition rate of 10 Hz, and a
pulse energy of 0.8mlJ. Ions were extracted into the
time-of-flight mass spectrometer by applying a voltage
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to the electrode. The ions were detected by a dual
microchannel plate.

The sample was prepared by attaching a natural
uranium metal particle of 70 pm in diameter to a
carbon tape (1x1 mm) on a 1.5x2 cm zircaloy plate. It is
observed that U metal particle was oxidized during
preparation. The prepared uranium particle was shown
in Fig. 1. The prepared sample was installed by metal
clip under vacuum condition.

Figure 1. Optical microscopy of a uranium metal particle of
70 pm in diameter on a 1x1 mm carbon tape

2.2 Determination of isotopic ratio of uranium,
235 U /_73& U v

In order to determine the isotopic ratio of the natural
uranium particle, mass spectra was collected and
analyzed. As the spot size was ca. 200 m in diameter,
this system ionize components in the carbon tape as
well, in addition to a natural uranium particle.

The strongest signals were observed on the UO" (m/z
254) and UO," (m/z 270) mass, while that of U™ (m/z
238) showed weak signal, indicating the uranium
particle was oxidized. In Fig. 2, we can see the time-of-
flight mass spectra of UO" (m/z 235, 251) and UO,"
(m/z 267, 270). It showed that laser ionization time-
of-flight mass spectrometry can be used for the
determination of isotope ratio of uranium particle.
However, the resolution was not sufficient to resolve
m/z 235, 236, 237 and 238, and the peak intensity was
too low to detect ***U or *°U.
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Figure 2. Time-of-flight mass spectra of a uranium particle

2.3 Reproducibility of isotopic ratio measurements of
uranium

To evaluate the reproducibility of isotopic ratio of
uranium, five measurements of *U/A*U  were
performed. The reproducibility of uranium isotopic
ratio, 2*U/**U was ca. 40 % (RSD). The preliminary
results obtained in this work deviated from the value of
a reference material, but the improvement of the S/N
and isotope ratio can be achievable if some
experimental parameter can be optimized. In addition,
the merit of quick response and micro sampling for
laser ablation TOF-MS technology may open a
possibility to use this system to a particle analysis.

3. Conclusion

The laser ionization time-of-flight mass spectrometry
was applied to the determination of isotope ratio of a
uranium particle. At the present stage with preliminary
investigation, the resolution and the peak intensity was
sufficient to detect **U/***U, but not sufficient to detect
U and *°U. Further investigation on laser ablation
mass spectrometry may enable to detect and quantify
the fractions of uranium isotope in particle samples.

2004 Korean Nuclear Society Autumn Meeting

REFERENCES

[1] N. Erdmann, M. Betti, F. Kollmer, A. Benninghoven, C.
Griining, V. Philipsen, P. Lievens, R. E. Silverans and E.
Vandeweert, Resonance and Nonresonant Laser Ionization of
Sputtered Uranium atoms from Thin Films and Single
Microparticles, Analytical Chemistry, Vol. 75, p 3175, 2003
[2] N. Erdmann, M. Nunnemann, K. Eberhardt, G. Herrmann,
G. Huber, S. Kohler, JV. Kratz, G. Passler, JR. Peterson, N.
Trautmann, and  A. Waldek, Journal of Alloys and
Compounds, Vol. 271, p. 837, 1998

[3] X.L. Zhao, LR. Kilius, A.E. Litherland, T. Beasley,
Nuclear Instruments and Methods in Physics Research B 126
(1-4), p. 297, 1997

[4] G. Tamborini and M. Betti, Characterization of
Radioactive Particles by SIMS, Mikrochimica Acta, Vol. 132,
p- 411, 2000

[5] Kyuseok Song, Hyungki Cha, Dukhyeon Kim and Kihyun
Min, Determination of the Isotope Ratio for Metal Samples
using a Laser Ablation/lonization Time-of-flight Mass
Spectrometry, Bulletin of Korean Chemical Society, Vol.25,
No. 1, p. 101, 2004.

1168



