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Abstract

The formation process of clathrate-hydrate in porous glass powder saturated with THF-water
mixture was observed using directional cooling apparatus. When the cooling rate became lower,
THF hydrate grew with excluding glass particles and formed lens -like layer of hydrate in the
same manner as in the phenomenon of ice lens formation in the freezing of soil. The growth rate
of hydrate lens was proportional to the supercooling degree of the growth surface and about
one-twentieth the growth rate of hydrate layer in THF-water mixture without glass particles.
When NaCl was added into the system, the growth of hydrate lens was inhibited depending on the
NaCl concentration.
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Table 1 Physical properties of sample
1:17 sol. Hydrate Water Ice Glass powder
Thermal cond. Wm ! K! 0.562%  0.525% 0.561  2.14 Mean diameter #m 2.2
Specific heat kJkg 'K!' 4.21° 2.123¢ 4.217  2.11 Mean pore size nm 3.3
Density kgm™® 997¢ 9974 1000 917 Specific pore volume m®kg™! 0.3x10°°
Melting point °C 4.4° 0 Specific surface area m? kg ' 129x10°
Latent heat kd kg ! 260° 333 Density kgm® 2120
Diffusion coef. m?s! — — 1.0x10°f —  Hydraulic cond. ms ! 1.9x10°8

EVHL1: 17 © THF Kigig (1 :17sol.) kO [E]€ v THF hydrate (Hydrate) (3 4.4°C @, /K (Water) &

ok (Ice)
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Davidson (1971), ¢ Hanley et al. (1989), fGillen et al. (1972),
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Table 2 NaCl concentration in solution and
the ratio of solution to glass powder

Name Cw (%) LL (%) LLX1.1 w (%)
SO 0 115 126.5 126.2
S003 0.03 125 137.5 136.2
S003w 0.03 125 137.5 155.5
S03 0.3 143 157.3 155.5
S3 3 185 203.5 203.7
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Schematic illustration of directional
cooling experiment.

Fig. 1

-2 ko e Ok
Fig. 2 Crystallization in glass powder
saturated with 1: 17 THF solution.

B-3 MriifsEic kKE > ke T
Fig. 3 The crystal burns readily in air.
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Fig. 4 Growth amount of the warmest hydrate lens.
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Fig.5 Temperature at growth surface of
the warmest hydrate.



B AT ZMATICEBIF A THF 7 9 AL — b nA L — b ORISR 87

(a) -e- SO B S003
= & | -&- 503 -8 S003w
® 0.03 ; g 2
g . L
& ',' ’.'

o 0.02 % r
© o &
c o ® A
E 0.01 r o A
5 . B> @ A
0 0 1 2 3
_ [ /
20.03
2B I
!
E | /
© 0.02 H
‘(G I
fad ! - — H
= B Ice in water
%0-01 ! — -lce lens in powder
5 h — THF hydrate in solution
ol :

A 2
Supercoolin% degree, AT(K) 0

K-6 RCEIERE &k o min EIE

(a) "M KL=V T35 2ABIEKPDNL K
L—btL R, (b) #okdolk, #3552k
EhD 74 2V v X, KEFERFO THF ~ A4
FL—1F,

Fig. 6 Growth rate and degree of supercooling
at the growth surface.
(a) THF hydrate in glass powder. (b) ice
in water, ice lens in glass powder, and
THF hydrate in solution.
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