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0 O O Iceisoneof the most common materials. So far, there have been number of structural studies,
in particular on the structures of crystals at various pressures and temperatures. On the other
hand, non-equilibriumice, i.e., ice undergoing the processes of melting and freezing, has not yet
been studied sufficiently, mainly because of technical limitations to the experiments. For such
observations, it is absolutely necessary to collect X-ray diffraction pattern quickly without moving
the sample. Moreover, as the sample usually becomes inhomogeneous, it is also crucial to know
which parts of the sample give specific X-ray diffraction lines, and how they change during melting
and freezing. Projection-type X-ray diffraction imaging isanovel technique, which can give rea -
space images for X-ray diffraction from an inhomogeneous polycrystalline sample. The present
paper reports some preliminary in-situ observation of the melting and freezing processes of ice.
[Key words] X-ray diffraction, Crystal structure, Polycrystalline material, Non-scanning type
imaging, Projection-type imaging, Quick measurement, Spatial resolution, Synchrotron radiation
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Fig.10 Phase diagram of ice. Oy, hexagonal, O cubic,
0 rhombohedral, O tetragonal, 0 monoclinic, O tet-
ragonal, 0 cubic, O tetragonal. This figure was com-
piled from several literatures *9.

280

00000000000000000D0000
0000000000000 D0000D0000
0000000000000 D0000D0O000
000000000000000000000
000000000000000000000
000000XO00D000000000000
0000000000000 D00000000
000000000000000000000
00OXODOOODOOOODOOO0O0O0Oo0OOo0o
000000000000000000000
000000000000000000000
0000000000000000000000
00000000000 00D00000000
000000D0000D00000000000
000000000000 D0000D000101
00000000000X000000000
000000000000000000000
0000000000000
0000XO00ODOO0OO0OO0O0O0O000d Xxo
000000000000000000000
00XO0O0OO0O00ODOO0O0O0ODOO0O0oD0o0O0o
000000000 o0®mooomooog
00000 X0D00000000000 in-situ
000000000000

20000 Xononooooooon

uxXbooooooooooooooooooa
obobobooboobooooz2000000000
obobOoXoooooooooboobooo
O0DO00b0 XOoOooOoe/2e000000
odz2e00000000000000000O0
gbobooboooXbobobobobooboooda
gbooooooXyoboobooboooXaood
oboboobooboooooooobg Xoo
gbobobobobobobobobobo

ooooooo 40



oooXxoooooooooooooooooooobooO insitubO

oo oooo000000000O0o0ononon
000000000000000000000
O00000000000000000000
00000D00000000000 XYOdOoO
000000000000000000000
0010000020000000000000
000000000000000000000
O00000OXYOOOOODOODOOOO0DO0O0O00O
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000

000000000000000000000
000000000000000000000
0000XO0O0OODODOo0000000000
0000000000000 00000000
00 X0O0O2000000000000000
0000000000101000000000
0MO0000000000MO0000000
0000000000000 00000000
000000000000000000000

obobobobOobooboboooooooon
gboboooooooobobobobobo
oboboboboobbz200b0obOobOoDbo
gbobobooboooobooboobooboooo
gbobdobo Xoooooooboobooda
gbobooboobooomoooXyobodooda
oboooooobooobo

oboboobooboobooboooooooooo
oboobooobooboooooobooboboDbo
UXgoXbooobooooooooboobooao
gboboboboboboobooboooboooba
gbdbooooboooobooboobobooa
goooooooooobooXxXxboooooo
obobobobooooooboobobobo
obobobobobooboobobobobo
gbobobobooboobooobooboooboooba
OO0O0OOWroblewskiD O OO OOOOOOODO
ob2000oomoooooooooobooced
oboooobooooboboooobooXoo
0000000000 00000D00000%
oboobooboobOomooXyobooooo
ObdzeO0OO0OOO0OO0OOO0ODOOOO0OMOOMOO

2d, sinfBg,= A,

E, E, —E.=12.3981/2,
I —
= : .
& | ' | CCD
8 ! 1
= ! ! A A
X-Ray Energy —— Collimator

SR Energy scan[\

[
Monochromator \_)

goooooo 40

Inhomogeneous sample

Fig.200 Principle of projec-
tion-type X-ray diffraction
imaging. It is possible to
obtain an X-ray diffraction
image, which reflects spatial
distribution of the specific
crystalline phase in the
sample, with completely
fixed geometry. X-ray
energy is chosen to satisfy
the Bragg condition for the
given lattice constant.
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Fig.30 Principle of imaging. The wide
primary X-ray irradiatesthe whole sample.
The collimator in the CCD camera selects
only a portion of the beam with specific
angular divergence. In short, only a
parallel component can reach the detector.
Thegpatid resolutionisgiven by the product
of theangular divergence and the distance
between the sample surface and the
detector chip.
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Fig.40 X-ray diffraction patternforicely,. The datawastaken from the database (ICDD 00-042-1141). Here the XRD
pattern is displayed as afunction of X-ray energy, assuming 20 = 90 deg. Theinset isan enlarged view of the low

intensity reflections.

goooooo 40

283



oooXxooooooooooooooooooooooO instub00O

Table 10 Experimental conditionsfor the results shown
in this paper.

Figure | reflection
(X-ray energy)

Tempetarure [°C] | exposure

5 310(8080cV) | 0.6
222 (8091eV)

30msec/point

6 215 (8410eV) | -3.7
312 (8443eV)
206 (8457eV)

300msec/point

~J

300 (6700eV) 0.6
105 (6350eV)
203 (3930¢V)

1secx 30times

8 215(8410eV) 3775 +101 I sec/point

9 215 (8410cV) +1 1->-3 Isec/point

10 105 (6385eV) -15 5+4—-15 Isec/point
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Integrated Intensity
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Exposure time is 30msec for each image.
The temperatureis -3.70 .
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(1) 6700¢V(300)

Fig.70 X-ray diffraction
images of ice with specific
X-ray energy. (1) 300, (2)
105, and (3)203 reflections.
Anoutline of theiceisseen
in X-ray image. In (1), the
dashed line indicates the
border. Exposure time of
each image is 30sec.
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Fig.80 X-ray diffraction during
melting. X-ray images for 215
reflection from ice during heat-
ing from-3.770 to+1.10 . The
integrated intensity for the
whole are plotted as a function
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of time. Exposure time of each
imageis 1sec.
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Fig.90 X-ray diffraction during
freezing. X-ray imagesfor 215
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images for 0, 24 and 72 sec are
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function of time. Exposure time
if each imageis 1sec.
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