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Life prediction of polyurethane foam filled in new fuel transport cask for nuclear power
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Abstract : The long-term service life of the new fuel transport cask for nuclear power is mainly limited by the non replaceable
rigid polyurethane foam which is filled in the cask to prevent vibration and insulate heat. In order to evaluate the aging life of the
rigid polyurethane foam filled in the new fuel transport cask, accelerated thermal oxygen aging tests were carried out on the rigid
polyurethane foam under different temperature conditions, and its compression performance, appearance color and micromorpholo-
gy were regularly monitored to analyze its thermal oxygen aging behavior. The aging failure time of the polyurethane foam at differ-
ent temperatures was obtained according to the change rule of its compressive strength at different temperatures. The aging life of
the polyurethane foam at actual service temperature was predicted by using the extrapolation method of Arrhenius equation. The
results show that the suitable temperature range for thermal oxygen aging test of the polyurethane foam is 100—120 °C. According to
the observation of micromorphology, the polyurethane foam material filled in new fuel transport cask experiences cell collapse and
cell wall rupture during the thermal oxygen aging test, which led to the decrease of compressive strength. Through calculation and
analysis, when the design maximum service temperature of new fuel transport cask is 38 °C, the service life of polyurethane foam
material is predicted to be 54 years which can meet the design requirements of 30 years.

Keywords : nuclear fuel transport cask ; rigid polyurethane foam ; compressive strength ; lifetime prediction
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Fig. 1 Outline structure diagram of autonomous new fuel transport cask
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Fig. 2 Cross-section diagram of autonomous new fuel transport cask
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(a) Samples after aging

(b) Samples before aging
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Fig. 5 Appearances of polyurethane foam sample before and after

aging test (temperature is 70,80, 90 °C from left to right, respectively)
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(a) Surface micromorphology (b) Internal micromorphology
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Fig. 9 Micromorphology of polyurethane foam sample
after aging test (x100)
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