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Method for Reducing Outgas from Materials Used at the Vacuum Layer in Cryogenic Vessels and
Its Evaluation

Akihiko INOMATA"f, Kentaro OKUMURA ™, Kazuto GOKAN'? and Minoru TAKEDA™!

Synopsis: The outgas from constituent materials in the vacuum jacket of a cryogenic vessel may seriously affect the degree of

vacuum and it leads to deterioration of heat insulation performance. We measured the outgassing rates from each material that

comprises the vacuum vessel. We also measured the effect on outgassing rate when the materials are heated to remove the gas

from the materials before measurement. Based on experimental results, the effect of heat treatment for each material based on the

outgassing model was discussed. It was found that coating the materials with GFRP is effective for reducing the outgassing rate.
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Fig.1 Schematic diagram of the experimental apparatus.
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Fig. 2 Outgassing rate from SUS304L.
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Fig. 4 Outgassing rate from SI.
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Table 1 Coefficient of outgassing rate for each material.

Outgassing rate (Pa-m’/(m?*s))
Material Baki i

ateria aking Cocfficient ter'm of con’elaFlon
time coefficient

No 2.8x10% No

SUS304L Yes 15x102 SUS304L Yos

No 1.1x10"! No

GFRP Yes 5.4x10° GFRP Yes

SI (after No 2.8x10° SI (after No

10° min) Yes 2.7x10% 10°min) Yes
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Fig. 5 Effect of GFRP plating on outgassing rate.
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Table 2 Specifications of imaged tank.”

Inner diameter of inner tank 40 m
Thickness of inner tank 29 mm
Height of inner tank at the

cylindrical part 40m
Heat ingress from the bottom 1000 W
Inner diameter of outer tank 41.9m
Diameter of cylindrical support

made of GFRP 300 mm
Thickness of cylindrical support 3.6 mm
Distance between the supports 900 mm
Number of SI layer 50 (3 layers/mm)
Thermal conductivity of the 0.334 W/(m-K)
support

Heat ingress to the inner tank

through the supports at the side 4100 W

area and roof
Heat ingress through SI on the
surface of the inner tank

8500 W (0.85 W/m?)

Calculated total heat ingress 13600 W
Target boil-off rate 0.1%/d
Calculated boil-off rate 0.07%/d
Gas temperature of vacuum area 300K

Thermal conductivity of SI 0.1556 P3 (mW/(m-K))
(P (pressure at the

vacuum area) <1 Pa)
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Fig. 9 Rates of vaporization from cold surface and outgas.
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Fig. 10 Time dependency of heat ingress for imaged tank.
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