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XHpa > ¥ o — 2 WiEHsy (X-ray Computed Tomography,
XHRCT) &, YWEWNERO =ohhd 2 I et d
L0 UT, EEZWD DAEERRE, HEREAICE S £
TIREWADHE TRHHAIN TV, RITIE, EROEEH
XH#R CT TEARFTRETH - To 2L M0 iREREe, Hmid
EoT (Z20c+HRD) XERCT &R EMnfaEL b, X
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JEZEDRED T/INE WY RN AV AT RE 75 48 = i 7 I E T
EAOTHGEHITEE UT, XERDWY 2 VBT B ERIC
EUTNMHZEGIETZMNHIY P T A RS A=T T
(PCXD IC K 2H VT IVNE DB E S fRIT A EBIE N T
W5, FRCH L X5 2 D Fe bk Tl s ey
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FILAF N T —=DFRT Y RERRE, 21—
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ICERE SN TV AR THE—DHEE Y « 75— (GiEreEo
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ENQAY-N
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Figure 1 Crystal structures of water ice (right) and CH, hydrate (left).
Hydrogen atoms have been omitted from the crystal structure.
Additionally, the spheres within the cage-like structure of CH,
hydrate represent CH, molecules virtually.
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Figure 2 Photon energy dependence of the relative linear attenuation
coefficient for CH, hydrate (compared with water). Absorption
contrast X-ray CT image shown in the figure compares ice
and CH, hydrate using 10 keV monochromatic synchrotron
radiation.
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Figure 3 Schematic of the experimental set-up for temperature-
controlled DEI measurement. (a) Top view and (b)
temperature-controlled sample chamber.
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AL THW IV F a2 F T A M XHRCT &, PF BL-
14C IZBWTHEE L i 3 VP —Ha X3 DEL & A7
Lzl LT3 [6], Figure 312, ZFDWHR &R
RO % 7R3 [7] 35keV DM XERE VWS T LT,
BCRRMEHNTH LT o AEEtkZiER L DD, BT
BRUBELOY M A N OBEBEISZIREE Uiz, A
WO EHTHEEHER (rocking curve) ZHU#59 % DEIM i [6]
ZERHAT AT LT, MWENRD AR NA KL — kK
L DOBERZDRE KRN ETENTVBIRETE,
PCXI EDHUSF M A[HEIC IR 5> T 5, X BIC, EHFIEOM
Fric ko, Ze@o el FOMMAE %2 HE 3 % Small-
Angle X-ray Scattering (SAXS) TH#iZMa L, I IJHRT
—IVORGEEHRZ T TE %,

T TTHMNT B RIRD CH, /N1 RL— bhatklid, BHA
SEHEOMLED [4] & Figd 1R d D [5] TEREL,  BREASTR
FENkEDTH 5, BEHD CH, N1 FL—FBXU
KITHYS T 280 TlE, KISl THERMZIZE AL
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Figure 5 (&, MEMNTHRINE NIZKIRD CH, /N1 R L—
NHEREYI 72, 35 keV D HLEA X 7% FU T DEI 258 THllE
U7WimimfgcH 5, T T, WIN - JBfr - 8L 3 1
FAD XHp CT Wi 72739 [3], Figure 5(a) X EELIIN T > b
T AMET, XBEIGRDO T L— A7 —)VidRGY oL &
MBI L T3, T CldRamEhimicssl, at
PEAUE ISR L TN E NS R SRz R LT
%o 3BEIT L—A7 —) R B HERS, IR, 5 X))
WA TE %, ikl T A METHENT LTz Fig.5(b) D

10 mm

Figure 4 Natural CH, hydrate collected from the seabed off the coast of
Tokachi, Japan. (a) Photograph of the recovered core sample
and (b) specimen shaped into a cube.

- 18- FIEDWIFEN 5



(b)

CH, hydrate

10 mm

Figure 5 X-ray CT images of natural CH, hydrate collected from the
seabed off the coast of Abashiri, Japan. X-ray CT image
analyzed by (a) pseudo-absorption contrast, (b) phase contrast,
and (c) SAXS using DEI optics at a photon energy of 35 keV.
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Figure 6 Natural CH, hydrate collected from the seabed off the coast of
Tokachi, Japan. (a) Absorption contrast images using in-house
X-ray CT. (b) Phase-contrast X-ray CT image of a sample in
cylindrically shaped polypropyrene container using DEI and
(c) X-ray CT image of a natural sample measured by micro-
X-ray CT.
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