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RESUME La nouvelle microsonde SX 50R fabriquée par la société CAMECA vient d'être
installée au laboratoire à haute activité au Centre d'Etudes Nucléaires de SACLAY.

Cet instrument est utilisé dans le domaine des études sur combustibles nucléaires et les
matériaux irradiés.

Les spectromètres sont blindés pour les protéger des rayonnements radioactifs. Pour
assurer la protection biologique gamma, la partie physique de l'appareil est installée dans une
cellule blindée. Un porte échantillon a été spécialement conçu pour examiner des échantillons
pouvant atteindre 80 mm de diamètre.

Une des applications intéressantes réalisées sur cet appareil est le dosage quantitatif de
l'oxygène sur du zircaloy oxydé en phase vapeur à haute température. Cette analyse a été possible
grâce à l'installation des nouveaux monochromateurs multicoucbes.

ABSTRACT . The latest model of CAMECA microprobe SX 50R has fust been set up in the
high activity laboratory of the Centre d'Etudes Nucléaires de SACLAY.

It has been especially designed for the examination of nuclear fuel and irradiated
materials.

The spectrometers are protected from the radioactivity by an armour plate and the entire
equipment has been installed into a special ceil in order to protect the operators. The special
sample holder allows to examine specimens as large as 80 mm in diameter.

One of the interesting uses concerns the quantitative determination of the oxygen content
in zircaloy oxidized by steam at high temperature. This analysis was made possible by using the
new type of crystals (multilayer).

I - INTRODUCTION .

The Technology Department at SACLAY is equipped with a new SX 50 electron probe
microanalyser.

This instrument is used in the study of the behaviour of nuclear fuel in a stable or
transient régime and in the field of reactor safety.

There is a wide range of applications, but it is possible, however, to mention :

- the interactions and the oxidation of materials at high temperatures.

- the behaviour of fission products in nuclear fuels irradiated over a wide range of burn-
up and specific powers.

This report describes the modifications made to this instrument and how it is used for
analysing radioactive materials.



II INSTALLATION OF THE INSTRUMENT.

For biological protection, the instrument, except for the electronics, is installed in a
shielded cell of high-density concrete with a thickness of 33 cm.

The thickness of the enclosure and the shielding of the instrument are calculated for the
analysis of samples with activities that do not exceed 4 curies (0,75 MeV).

The electronics are in an adjoining air-conditionned room.
The shielded enclosure is equipped with a continuous air monitoring system to detect any

possible contamination.
In case it is necessary to interrupt an analysis - to change a filament, for example - it is

possible to enter in the enclosure without a mask and without withdrawing the sample. In this
case the specimen stage (the capsule being closed) is placed under a denal bell jar (figure 3).

The enclosure is closed by a sliding steel-sheathed lead door (8 cm of lead and 2 cm of
steel) which allows access to the cell for instrument maintenance.

The stainless steel working surface (figures 1 and 5) in the enclosure is mounted on a
trolley and can be brought out if it is necessary to work on the front of the instrument.

The following diagram and figure 5 show '.he installation of the instrument.
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Fig 1 : Microprobe installation view.

III - MODIFICATIONS WITH RESPECT TO THE STANDARD SX SO.

They were carried out by CAMECA in collaboration with the CEA. The instrument is in no
way impaired by these modifications and the quality of the analyses is comparable to that of the
standard instrument.

Ill - 1 Instrument. shieiding.

The proportional gas flow counters are very sensitive to the beta and gamma radiation from
the radioactive sample. To protect them and decrease the background due to the radioactive
radiation, it was necessary to shield the sample holder, the specimen chamber and the
spectrometers.



The following diagram shows the positioning or the shielding.
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Fig 2 : Shielding location.

The specimen! stage (1) consist of a 7 cm thick denal block in which the capsule is seated (2).
The specimen chamber is shielded by a denal ring in which the different channels for the X-

rays and the secondary electrons have been machined.
In order to shield the section between the specimen stage and the spectrometer (3), the focal

circle was increased and the travel of the spectrometers reduced.
The interior of the spectrometers (4) as well as the circumference of the proportional

counters were shielded. The secondary electron detector (5) is protected from the beta and gamma
radiation of the samples by the shielding at the specimen stage and by the curvature of the
secondary electron guide.

111 - 2 Modification.... of the sample .....introduction system.

In the standard instruments, the sample is introduced by an interlock chamber. In our
case, for safety reasons, the sample holder was completely redesigned so that it could be shielded
and to allow evacuation of the sample for any X, Y, Z or 0 position.

The specimen stage ensemble is mounted on a lift mechanism which can be displaced
laterally and put at the level of the working surface. This cycle is controlled automatically.

In case of a breakdown it is possible to directly control the motors. If there is a problem
with these motors manual control can be used.

Ill - 3 Control....motor system.

The X. 7, Z and 0 positions are automatically controlled as in the standard SX 50
instrument. The modifications concern the motors in the changing system, the adjustment of the
diaphragms and the system for opening and closing the capsule.



IV - SAMPLE PREPARATION.

The sample is embedded under vacuum with a Wood alloy. To minimize the weight of the
sample and, thus, its beta and gamma activity, the sample is sectioned for giving a thickness of
only around 0,5 mm.

It is, subsequently, polished then cleaned with alcohol in an ultrasonic bath.
After checking for contamination the surface is cleaned by ionic abrasion.

V - SAMPLE TRANSPORT.

The sample is placed in a gas-tight capsule (figure 3) which can be put under vacuum or
an inert atmosphere to avoid surface oxidation.

Although the capsule can contain two 25,4 mm diameter samples and two reference grids,
only one radioactive sample is analysed at a time to avoid an increase in the background.

This capsule is, subsequently, transported by a pneumatic system connecting the sample
preparation cells to that with the microprobe.

It is, next, positioned on the specimen stage with two master-slave manipulators. It is
opened under vacuum at 102 Pascal.

1. Sample holder for 80 mm diameter samples

2. Sample holder for 25 mm diameter samples

3. Capsule

4. Denal bell jar

5. Specimen stage

Fig 3 : View of the two sample holders.

VI - ANALYSIS OF 80 mm DIAMETER SAMPLES.

To analyse these samples the sample holder shielding is changed (figure 3).
To examine all of the surface, the position of the sample is offset with respect to the beam

axis. The X and Y translations are 40 x 40. The sample is turned by 90° to analyse it with a one
millimeter overlap each time.

Before the examination, the adjustments and the analysis conditions are fixed and
memorized with the sample holder supplied with the capsule described above (section V).



VII EXPERIENCE OBTAINED.

The instrument was installed in December 1988 after 4 months of development and we
have examined several irradiated samples. No radioactive contamination of the instrument has
been observed.

It is still too soon to draw definitive conclusions, but our laboratory has the benefit of
long experience in the field of the analysis of irradiated samples using a shielded MS 46
instrument.

Among the new analyses carried out we can cite the quantitative determination of oiygen
on oxidized zirconium, made possible by the installation of new multilayer monochromators.

This determination is carried out, at the same time as the analysis of the elements added
to zircaloy, i. e., at each analysis point, the instrument automatically changes the spectrometer
and automatically adjusts the voltages required for the analyses of the elements chosen.

The following figure shows an example of the analysis in the thickness of a zircaloy sheath
oxidized at high temperature.
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Fig 4 : Oxygen iron and chromium profiles in the thickness of a zircaloy oxidized
by steam at high temperature.




