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a b s t r a c t
The solid breeder blanket concept proposed by the China features the tritium breeding ceramic as pebble
beds in several submodules. The lithium orthosilicate (Li4 SiO4 ) is considered as ﬁrst candidate ceramic
breeder materials fabricated by the melt spraying method, which is favorable to other processes in terms
of density and recycling. The production process involves rapid quenching of the liquid droplets from
the melt to room temperature which cause internal stresses and leads in some cases to formation of
microcracks and the dispersion of mechanical properties. Molar ratio (Li/Si) of the pebbles was evaluated
by ICP–OES. It is shown that the Li/Si ratio of the pebbles is slightly varying from batch to batch because
of evaporation of lithium at high temperatures. The crush tests on single pebbles show that a mean value
of 7.0 N was obtained in crush load experiments of 40 pebbles with a diameter of 1.0 mm. It results that
heat treatment of pebbles improves the density and mechanical stability. The activation characteristics
for the current composition of Li4 SiO4 pebbles were assessed. The calculations were used to identify
critical amounts of impurities and were compared to the results of pure material without impurities.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
The world-wide efforts on ceramic breeder materials in the
recent years concerned Li2 O, LiAlO2 , Li2 ZrO3 , Li2 TiO3 and Li4 SiO4 .
These ceramics have long been recognized as promising tritium
breeding-materials for D–T fusion reactor blankets [1,2].
Lithium orthosilicate features a comparably high lithium density as well as an excellent tritium release behavior and high
melting point, lithium orthosilicate also show excellent activation
behavior compared to other materials that have been mentioned
above, thus making it one of two promising solid breeder materials
for DEMO.
Among these lithium ceramics, lithium orthosilicate (Li4 SiO4 )
has been demonstrated that this material present good tritium
solubility, they are compatible with other materials at operating
temperatures in the reactor blanket. Lithium orthosilicate (Li4 SiO4 )
is considered as the ﬁrst candidate material in the China heliumcooled ceramic breeder (HCCB) test blanket module [3].
Since most solid breeder blanket designs are based on pebblebeds, the development of breeder fabrication technology has been
exclusively devoted to manufacturing processes for pebbles. There
are many methods for the ceramic pebble fabrication, such as,
sol–gel, extrusion/spheronization, wet method, agglomeration and
melt-spraying [4–8]. Actually, sol–gel, extrusion/spheronization,
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agglomeration and wet methods have granulation and sintering
process. These processes lead to low density and rough surface.
These sintered pebbles loose ﬁnely powdered fractions during
thermocycling due to the surface roughness, and do block the
gas ﬂow through the blanket canisters. As compared to pebbles
prepared by granulation and sintering, pebbles produced from
the melt are closer to the spherical shape, have a smoother surface and a higher density [9,10]. In the melt-spraying process of
the pebbles the melt pot is supposed to be the only source of
contamination. Therefore, the amount of impurities of the ﬁnal
product only depends on the impurities of the raw materials
[11]. Thereby the impurities could be reduced so that a decreased
waiting period for recycling was expected for the new material. An additional advantage of pebble fabrication by melting is
the much simpler reprocessing. For the pebbles, fabricated by a
melt-spraying process [12,13], the direct remelting without any
additional wet-chemical recycling step has been proposed as a
simpler reprocessing process. Problems with this method are internal stresses in the pebbles that lead, in some cases, to cracks and
thus to a deviation in mechanical properties. Some reports have
been demonstrated that composition and thermal treatment can
improve the mechanical properties of the pebbles produced from
the melt.
In this work, a melt spraying method was explored to fabricate Li4 SiO4 pebbles. The properties of the lithium orthosilicate
pebbles were described. The activation characteristics for the current lithium orthosilicate pebbles were studied to determine the
necessary waiting time for the reprocessing.

