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ABSTRACT : In-situ Raman and X-ray diffraction experiments have been performed on mineral
natrolite (Na-zeolite) to investigate the dehydration behavior under high temperature and high
pressure-temperature conditions. XRD data show reversible dehydration up to 450 C whereas Raman
data show irreversible change when the material is heated up to 630 C. The existence of post-natrolite
was newly identified to form from £ -metanatrolite at 380 C upon cooling. The formation of
dehydrated metanatrolite under simultaneous high temperature-pressure (room temperature < T < 300
C, 0 GPa < P < 2.1 GPa) conditions was not observed.

Key words : zeolite, natrolite, dehydration, high temperature, high pressure-temperature
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helical 8-ring

4-membered ring

Fig. 1. Natrolite structure is composed by Na, AlOs, SiO4 and H>O. Small pore of natrolite is shown by tetrahedra
(AlO4, SiO4) and that is helical structure. Dot line is unit cell (perspective representation).
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detector
(image plate)

Fig. 2. High-temperature device was installed on high-intensity micro focus rotating anode X-ray generator
(MicroMax-007HF, Mo-K @) with image plate (Rigaku R-axis IV"") detector. We used capillary @0.7 mm (Quartz).
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Fig. 3. (a) Hydrothermal diamond anvil cell (HDAC) and (b) its cross section redrawn by Smith and Fang (2009).
Gasket material was Rhenium with sample room of @200 pm hole size. Diamond anvil used was type II for

Raman spectroscopy.
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Fig. 4. Raman pattern of natrolite at ambient condition. O-T-O bending vibrations of tetrahedra show 440.2 and
530.7 em’. O-H stretching vibrations show 3326.4 and 3538.7 cm’.
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Fig. 5. In-situ XRD pattern taken at various temperatures for natrolite up to 450 C, then quenched to room tem-

perature at the atmospheric pressure.
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Fig. 6. A series of Raman pattern changes of natrolite under high temperatures at atmospheric pressure. Highest
temperature was 630 C. Post-natrolite phase was observed at 380 C during cooling cycle to room temperature.
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Fig. 7. Raman patterns of O-H stretching vibrations under high temperature and ambient condition.
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Fig. 8. Raman patterns under high temperature up to 500 C at 0.0 GPa.
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Fig. 9. Raman patterns under high temperature up to 300 C at 0.2 GPa.

cooled to 25 °C

150

100

25°C

- 0.4 GPa
534.7
60000 |
)
'c
5 40000
£
&
> |
7
[
2
€ 20000 -
- 50
442.4 532.9
0 T T T T T T
200 400 600 800 1000

1
1200

Raman shift (cm™)

Fig. 10. Raman patterns under high temperature up to 300 C at 0.4 GPa.

2 ~450 C74A S XRD APAE 7194
Q WslE #HHHL, ~630 CT7HA T2 ot
EAAGoe TAEHERGER Arloldhe=
HIZ7FG A Q1 ¥stE #FegTh B 2 AFolA
FZEUERZ|E o] 7234 °F 380 T &

SR Yeide A AgA g5t 2
T EgAdo] By e 12-118F sh(AR < T < 300
C, 0 GPa < P < 2.1 GPa) 27494 YEZg o]
EdA HEUERZo|ERY £FAY o]F B
2= 2] okt

— 184 —



cooled to 25 °C
300

150

Intensity (arb. units)

100
50
25°C

4423 5329
0 , . , . , . ,

T T T 1
200 400 600 800 1000 1200

Raman shift (cm™)
Fig. 11. Raman patterns under high temperature up to 300 C at 0.6 GPa.

50000 - 1.2 GPa

440.8 5312 cooled to 25 °C

50000 - //,M 300

T 250

:@ 40000 + 200
c

5 ]

o)

@ 30000

a 4

D

§ 20000 + 150
£

10000 + 100
W

MM 25°C
440.5 530 9
0 T T T T T T T T 1

200 400 600 800 1000 1200

Raman shift (cm™)
Fig. 12. Raman patterns under high temperature up to 300 C at 1.2 GPa.

Ab Ab g7, 28 201395 AN R B AT A
Arrg o] FEAQ Aol ofste] FHHUG E =&
=R pgHdy|eRm Ry Fuy = ARSI BE 2% 0 {E AHsto 4 AT

2 AL 20139 FEAAALATYe) Ak Sl AFE wEd, gHe] AANY, B9 GA

il

=
BES 043 Co, A% R AUALe A o AAEFHUT

— 185 —



2.1 GPa

40000
538.0

30000

20000

Intensity (arb. units)

447.8 5409

T T
400 600

T T
800 1000

Raman shift (cm™)

Fig. 13. Raman patterns under high temperature up to 350 C at 2.1 GPa.
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