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WoEd 57012, IMMERRHPCAKZEIAENTICHST Ve Fu77 77 A —hMn A Fr—F
DEMBRERREEILIESSE (NMR) %2170, A7 MV ORRIZ L EES 2 LT, KREDOWRIN & 1K
HOREZBHE L7z, & 512 NMR &SV AR ZHAGLE 5 2 &£ T, KEOEENILEE
BARE L OB E L THIE L. BonIBGERIE 108 cm/s 28 2, P OS5 TFHRE &
LCREBICKERETH> 2. U EORIGHEE S BEBROWE OFRERE® S, 77 AV — N4 R
L — MNEERBRANDKR DI « JH O KIGDS, {EROFHEL D I35 0 icHy, HtoEE DR
THTTE2 L ZVIELT-.

Hydrogen absorption reaction kinetics and diffusion measurements
in hydrogen clathrate hydrate at high pressure

Takuo Okuchi?

Kinetics of hydrogen clathrate hydrate synthesis is essential for its expected application of hydrogen storage.
Its conventional production scheme was by freezing promoter’s solution contacting with pressurized hydrogen
gas; it then takes long time for crystal growth. We have established an alternative scheme to store hydrogen
into the clathrate hydrate; when hydrogen-free clathrate hydrate powder was contacted with pressurized
hydrogen gas, hydrogen was quickly absorbed into the hydrate medium. We observed the reaction rate of
hydrogen absorption by nuclear magnetic resonance spectroscopy as a function of hydrogen pressure and
temperature. In our experimental conditions of pressures up to 20 MPa, the storage into the clathrate hydrate
was completed within 80 minutes. We found that stored hydrogen are still mobile within the clathrate hydrate
crystals, indicating that hydrogen can be repeatedly stored and released by cycling the hydrogen gas pressure.
The diffusion coefficient of hydrogen was measured using a pulsed field gradient. It gives very large value of >
10~¢ cm?/s, which is consistent with the observed fast absorption reaction of hydrogen storage into the clathrate
hydrate.
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Fig. 1 . Structure of dodecahedron cage in clathrate
hydrate.
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Fig. 2 . Phase diagram of the H,-H,O system.
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ZKRFE T OE—F —DPREWEWT 5 DT, KIEITE
WREN®1wt2%BREICETRESSBMAPLTLES. 22
T, 357U E—Y — OB L RE Zfllo < F1%
LCEHBOEIGZES L, 2L THE L DKRZIFET
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Fig. 3 - NMR at hydrogen gas pressure. The experiments
were made at Steacie Institute for Molecular Sciences,
National Research Council of Canada.
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Fig. 4 . Melting of clathrate hydrate by increase of temper-
ature.
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Fig. 5 © Time evolution of NMR spectra of H, absorbed in
the clathrate hydrate.
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Fig. 6 - Diffusion coefficient of hydrogen in the clathrate
hydrate.
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