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Fig. 1 Skew-symmetric two-crystal X-ray interferometer.
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Fig. 2 Schematic view of the imaging system fitted with two-crystal X-ray interferometer. The developed cryo-sample-
chamber is placed between the first and second crystal blocks.
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Table 1 Main specifications of the imaging system

X-ray energy 17-35 keV

Field of view 60 X 40 mm at 17 keV; 25 x40 mm at 35 keV

Spatial resolution | Approximately 50 um

Approximately 0.7 mg/cm? for three-dimen-

Density resolution | .
ensity resolutio sional measurements for 3 h
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Fig. 3 Schematic view of newly developed fast X-ray imager. Inci-
dence X-ray is converted to visible light by GOS and detected
by CCD chip.

Table 2 Main specifications of the newly developed fast X-ray im-

ager
Field of view 50X 35 mm
Pixel size 12.5x12.5 um
Scintillator GOS (Gd,0,S) (thickness: 30 um)

Max. frame rate

1.6 frame/s for full image
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Fig. 4 Obtained MTFs for each spacing of L/S patterns.
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Fig. 5 Vertical section of ice in Antarctica. Air bubbles in stacked
snow form air hydrates at several hundreds meters under-
ground owing to its high pressure.
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Fig. 6 Schematic view of the cryo-sample-chamber. The inner
cryochamber is refrigerated by liquid nitrogen. Each window
consists of plural capton film to avoid condensation.
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Table 3 Experimental condition for the observation of air-hydrates

X-ray energy 35 keV

Subfringe analysis 3-step fringe scanning method

Exposure time 3 s per interference pattern

Number of projections 160

Total measurement period 40 min

2 mm

Fig. 7 Three-dimensional image of a ice-core drilled from Dome
Fuji in Antarctica. The dark blue areas correspond to air-hy-
drates.
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Observation of air-hydrates in Antarctic ice by using
phase-contrast X-ray imaging

Akio YONEYAMA Advanced Research Laboratory, Hitachi Ltd. Hatoyama, Saitama,
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Abstract The observation of air-hydrates in Antarctic ice was performed by using phase-contrast X-ray im-
aging. For larger field of view and suppression of the thermal disturbance from sample, an imaging system fit-
ted with two-crystal X-ray interferometer was used. In addition, to perform the observation under low temper-
ature, a cryo-sample-chamber was developed and integrated with the imaging system. A three-dimensional
image of air-hydrates in ices of an interglacial epoch was successfully obtained. And the average density of
air-hydrates was estimated to be 937 mg/cm3 by the quantitative analysis.

gt Sept. 2007 Vol.20 No.5 @ 321



