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In the current design of the blanket with ceramic breeders, pebbles of breeding materials are packed into a container and used as a

pebble bed. Thermal and mechanical conditions externally loaded on the bed affect thermal and mechanical properties of the bed. It is

necessary to analyze thermo-mechanical properties of the bed under controlled thermal and mechanical conditions. In the present paper,

thermal expansion of a Li2TiO3 pebble bed was investigated.

Our apparatus consists of a tensile test-apparatus and a measurement chamber. Pebbles of Li2TiO3 with 2mm diameter were used.

They were packed into a container made of alumina. At first, thermal expansion of the apparatus was calibrated because the measured

deformation included thermal expansions of the load rods and the container. Instead of the pebble bed, a column made of copper was

installed and thermal expansion of the system was measured for the calibration. Taking into account the estimated thermal expansion of

the column, thermal expansion of the rods and the container could be analyzed. Based on the correction, thermal expansion of the

pebble bed was measured under compression of 0.1MPa. Temperature of the bed was regulated from room temperature to 973K. From

the measured expansion of the bed, average thermal expansion coefficient was estimated. 

For the beds with different packing factors ranging from 65.5 to 68.5%, thermal expansion coefficients were 1.4±0.2×10-5K-1. In the

first measurement of the beds without pre-loading, expansion coefficients were larger for the cooling process than heating. When the

beds were successively heated and cooled, the difference decreased. This means that relocation of the pebbles arises in the first heat

treatment and progress of compaction is larger in the cooling process than heating. After a few heat treatments, packing states of the

beds reach stable and expansion coefficients for both heat and cooling processes are close. In the case of the beds that were loaded

before the measurements, expansion coefficients were the largest in the first heating process. When the pre-loaded beds were heated,

deformation caused by the pre-loading was relaxed. Hence, apparent expansion coefficient increased. The result suggests that residual

stress in the bed cased by a compressive load can be annealed when the bed is heated without load. Based on the observed expansion

behaviour, preferable initial packing state and its variation during the operation were discussed.
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