
2009 International Nuclear Atlantic Conference - INAC 2009
Rio de Janeiro,RJ, Brazil, September27 to October 2, 2009
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN
ISBN: 978-85-99141-03-8

DEVELOPMENT OF A HOT CELL FOR POST-IRRADIATION

ANALYSIS OF NUCLEAR FUELS

Selma S. C. Silva
1
, Silvério F. S. Jr

2
., João Roberto M. Loureiro

3

Centro de Desenvolvimento da Tecnologia Nuclear (CDTN / CNEN - BH)
Av. Presidente Antônio Carlos 6627

Cidade Universitária - Pampulha
31270-901 – Belo Horizonte - MG

selmasallam@yahoo.com.br1, silvasf@cdtn.br2, jrmattos@cdtn.br3

ABSTRACT

Post irradiation examinations of nuclear fuels are performed in order to verify their in-service behavior.
Examinations are conducted in compact structures called hot cells, designed to attend the different types of tests
and analysis for fuel’s characterization. The characterization of fuel microstructure is an activity performed in
hot cells. Usually, hot cells for microstructural fuel analysis are designed to allow the metallographic and
ceramographic samples preparation and after that, microscopical analysis of the fuel’s microstructure. Due to
the complexity of the foreseen operations, the severe limitations imposed by the available space into the hot
cells, the capabilities of the remote manipulation devices, the procedures of radiological protection and the
needs to obtain samples with an adequate surface quality for microscopic analysis, the design of a hot cell for
fuel samples preparation presents a high level of complexity. In this paper, the methodology used to develop a
hot cell facility for nuclear fuel’s metallographic and ceramographic samples preparation is presented.
Equipment, devices and systems used in conventional sample preparation processes were evaluated during
bench tests. After the necessary adjustments and processes adaptations, they were assembled in a mock-up of
the respective hot cell, where they were tested in conditions as realistic as possible, in order to improve the
operations and processes to be performed at the real hot cells.

1. INTRODUCTION

Post Irradiation Examination (PIE) of nuclear fuels is performed in order to verify their in-
service behavior. Examinations are conducted in hot cells, designed to allow the use of
nondestructive and destructive testing methods to characterize samples of nuclear fuels.
Nondestructive testing methods such as visual and dimensional tests, as well as radiographic
and eddy current tests are examples of nondestructive methods used for this purpose. The
information obtained from the nondestructive examination is used to select regions of the fuel
rods or plate type nuclear fuels for microstructural analysis. After the cutting operations, the
samples resulting must be submitted to a special surface preparation process, in order to
obtain metallographic/ceramographic samples with the surface finishing adequate to allow
the posterior microscopical analysis. A development program was conducted at CDTN
facilities to establish the methodology, equipment and accessories necessary to allow the
metallographic/ceramographic samples preparation in a compact hot cell. The studies were
conducted in order to:

(a) define the equipment, devices and accessories necessary to perform the foreseen
activities for the metallographic/ceramographic sample preparation hot cell.

(b) define the constructive characteristics of the hot cell.
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(c) establish the workspace for the remote manipulation system and the visualisation limits
to perform the foreseen operations.

(d) develop, test and improve the equipment, devices and accessories with the appropriated
characteristics to operate under remote manipulation condition and in a reduced space.

(e) develop the operational and test procedures.

(f) estimate the amount of waste generated in the process.

(g) personnel training to perform all of the foreseen operations.

The hot cell configuration was developed to allow the following operations: cutting, vacuum
impregnation, mounting, grinding/polishing, cleaning, chemical etching, electrolytic etching
and waste storage.

2. METALLOGRAPHIC/CERAMOGRAPHIC SAMPLES PREPARATION HOT

CELL

The metallographic and ceramographic samples preparation process for irradiated nuclear
fuel rods includes several steps as shown in Fig. 1. Each one of these steps was reproduced in
order to determine the best configuration and distribution of the equipment, devices and
accessories to be used in this hot cell [1].
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Figure 1. Steps on the metallographic/ceramographic

samples preparation process of fuel rods.

The initial cutting operation has the purpose of preparing the fuel rod to the vacuum
impregnation operation. A partial cutting is done at the fuel rod extremities, in order to allow
the vacuum impregnation of the fuel rod. The cutting machine used for this purpose is
derived from a commercial cutting machine for metallographic use.

In the vacuum impregnation operation, an epoxy resin is introduced into the fuel rod using a
vacuum impregnation system. This resin penetrates in all empty places of the fuel rod and
preserves the original position of the fuel and its fragments, which will not be affected during
the subsequent processes of final cutting and fuel samples preparation. This will assure a
representative and reliable analysis of the alterations that occurred during the irradiation
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process. For this stage of the process, it was designed and manufactured a fuel rod vacuum
impregnation system. Fig. 2 shows a simulated fuel rod used for testing the impregnation
system. Posterior examination of the longitudinal section of the simulated fuel rod indicated
that the resin fulfilled all empty places.

Figure 2. Simulated Fuel Rod.

After the vacuum impregnation operation, the fuel rod is cut into predetermined areas, chosen
during non-destructive examination in order to obtain samples for microscopic analysis
and/or autoradiography. This operation is performed in the same equipment used for the
initial cutting operation. A fuel rod fixation system [2], designed and fabricated at CDTN,
was incorporated in the cutting machine. This system allows a correct fixation of the fuel rod
in the cutting machine in order to perform cuts at the selected positions, in both transversal
and longitudinal sections. Its design allows an easy handling by the remote manipulation
device. The equipment is shown in Fig. 3.

Figure 3. Cutting equipment with a fuel rod fixation system.
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The next operation in the sample preparation process is the samples mounting. To perform
this operation, the vacuum impregnation mounting process was chosen, using an epoxy resin.
A compact vacuum impregnation system, for samples impregnation, was designed and
manufactured at CDTN [3]. This system allows mounting of one sample and it is shown in
Fig. 4. This mounting process assures the resin penetration in small cavities, such as pores.

Figure 4. Vacuum impregnation system for

samples impregnation.

The following stage consists of the grinding and polishing of the samples. In this stage it is
generated the largest amount of waste into the samples preparation process. A new process
for samples grinding and polishing, called dry process, was created in order to reduce the
level of waste generation.

In the conventional process for sample preparation, water is used as a cooling and lubricant
medium. In the dry process, the use of water was eliminated. The use of this new process,
when compared with the conventional process, presented advantages such as the reduction of
the waste generation amount at about 80% [4] and a reduction in the materials microstructure
deformation due to the mechanical forces that the samples are submitted during the
preparation process. A Minimet unit is being used for these operations.

Comparative analysis of X-ray diffraction were performed in samples of the same origin and
prepared by the conventional and dry processes. As a result, it was verified that the
crystalline deformation of the samples prepared by the dry process was smaller than the
prepared by the conventional process. Analysis by optical microscopy of the samples surface
indicated a better surface finishing for the samples prepared by the dry process.

Samples of Inconel 625 G2 and 321 stainless steel prepared by the dry process are shown in
Fig. 5 (a) and (b).
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Figure 5. Sample of Inconel 625 G2 (a) and stainless steel 321 (b) prepared by the

Dry Process.

The abrasive materials used in this process are composed by a combination of special clothes
and diamond suspensions with different granulometry, instead of the silicon carbide grit
abrasive wheels. The steps for the conventional process and the dry process are shown in Fig.
6. In the situations where it is necessary to remove large sections of material, a special
grinding machine was developed at CDTN.
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Figure 6. Steps for the conventional sample preparation process and the dry process.
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After each step in the stage of grinding and polishing samples, they must be cleaned in order
to avoid contamination by abrasives of different granulometry. Considering the basic premise
of waste reduction, a device for samples cleaning was designed and manufactured at CDTN.
This device consists of three recipients of stainless steel used for the samples cleaning. Each
recipient can receive samples originated from different steps of the grinding/polishing
operations. An ultrasonic transducer is connected to the device and water is used as a
cleaning agent. As soon as the recipient containing the water with impurities generated during
the final grinding/polishing operations is fulfilled, its content is transferred to the recipient
used to clean the samples from the previous grinding/polishing operations in order to pour-off
and its posterior treatment as waste. The cleaning device is shown in Fig. 7.

Figure 7. Ultrasonic cleaning device for samples cleaning.

To evidence the microstructure of the zircaloy and stainless steel cladding in the fuel rods
samples, the chemical etching technique is used. Depending on the temperature level reached
during the operation by the fuel rods with stainless steel cladding, due to the possibility of
phase change occurrence, an additional electrolytic etching can be recommended.

To reveal the microstructure of the stainless steel cladding and UO2, the immersion technique
is used. For zircaloy cladding, the chemical etching is done using the friction technique [5].
Etching solutions are prepared in small amounts in the outside of the hot cell and are
introduced in it using a special valve.

The liquid waste generated during the sample preparation process, such as the water from the
cutting and cleaning operations; residues of stainless steel, zircaloy, UO2 and diamond
suspensions, originated from the cutting, grinding and polishing operations as well as
aqueous solutions containing acids of the process of chemical etching are temporally
accumulated in a special recipient inside the cell, until the liquid evaporation is completed.
After that, the remaining waste is processed and packed with that originated from the
grinding plates, resin recipients and cotton used in the sample preparation process, in order to
be taken out of the cell.
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3. CONCLUSIONS

The initial results obtained with the use of the methodology, equipment and accessories,
developed at CDTN facilities to allow the metallographic/ceramographic preparation of
irradiated nuclear fuels samples in hot cell environment, were satisfactory. The next steps of
this development program will involve the improvement of the processes presented in this
paper, as well as a study about the paths to be adopted into the hot cell to reduce the number
of operations and also the time spent by the technical personnel to obtain
metallographic/ceramographic samples with an adequate quality level.
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