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1.

Introduction

Ferroboron has been identified as a candidate material for in-vessel radiation shielding application in
future Fast Breeder Reactors (FBRs) in India considering significant cost savings. Out-of-pile physical and
chemical characterization studies have established its neutron shielding property and long-term
compatibility with 304L SS clad under sodium at the operating temperatures. An accelerated irradiation
experiment has been carried out with the aim of establishing in-reactor performance of ferroboron shielding
material for a target life-time of 60 years in a commercial FBR. Slumping of the Ferroboron within the sub
capsule, generation of Helium gas and ferroboron- clad chemical interaction have been evaluated as a part
of Post Irradiation Examinations.
2.

Irradiation of Ferroboron capsule in FBTR

The irradiation capsule was made up of five sub-capsules each having 100mm length with Ferro
boron powder packed to a density of 4.2 glee under argon atmosphere. Irradiation capsule had another
outer sleeve serving as a secondary containment for the FeB powder. The displacement damage
undergone by the five sub-capsules was in the range of 0.50-2.96 dpa. The maximum displacement
damage of 2.96 dpa corresponds to the life time fluenee undergone in a commercial fast breeder reactor.
3.

Experimental methods

Post Irradiation Examination was carried out in RML hot cells for evaluating the effects of ferroboron on
SS 304L cladding material after irradiation. Before taking up the microstructural examinations on the clad to
evaluate chemical interaction, the capsule was subjected to Neutron radiography to evaluate the slumping
of FeB powder column and puncture tests to quantify the helium release due to (n,a) reaction. Neutron
radiographs indicated that the slumping of the ferroboron stack is limited to a maximum of 0.5 mm in a 100
mm pre irradiation stack height. The maximum pressure released due to 10B (n, a) ?Li reaction was
estimated to be 0.16 MPa, low enough to produce any significant stress on the clad. Thus Neutron
radiography and He release measurements did not indicate any concern on the performance of FeB as a
shielding material.
The clad sections from different sub-capsules were metallographically prepared inside the hot cell up to
1 micrometer diamond finish followed by etching for optical microscopy. The samples were examined using
an optical microscope inside the hot cell.
The clad section, which indicated maximum clad damage, was further investigated using Scanning
Electron Microscopy to evaluate the nature of interaction and formation of phases due to the chemical
interaction. On the same sample, phase investigation was also carried by XRD with specimen stage
capable of moving in three orthogonal directions (1 µm sensitivity). The clad section is placed on zero
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