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Frost Heave of Tetrahydrofuran Clathrate Hydrate on Porous Glass Powder
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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 + Physical properties of sample

+ : +1 sol4 Hydrate Water Ice Glass powder

Thermal cond4

Specific heat

Density

Wm¨+ K¨+

kJ kg¨+ K¨+

kg m¨-

*4/0,a

.4,+b

331d

*4/,/a

,4+,-c

331d

*4/0+

.4,+1

+***

,4+.

,4++

3+1

Mean diameter

Mean pore size

Specific pore volume

mm

nm

m- kg¨+

,4,

-4-

*4-�+*¨-

Melting point

Latent heat

�
kJ kg¨+

.4.e

,0*c
*

---

Specific surface area

Density

m, kg¨+

kg m¨-

+,3�+*-

,+,*

Di#usion coef4 m, s¨+ ¨ ¨ +4*�+*¨3 f ¨ Hydraulic cond4 m s¨+ +43�+*¨2

ik� + : +1+ THFE�2 �+ : +1sol.� ¹º6ik�+ THF hydrate �Hydrate� � .4.�+� E �Water� ¹
º; �Ice� � *�+[�a Ross and Anderson (+32,), b Iida et al. (,**+), c Leaist et al. (+32,), d Gough and

Davidson (+31+), e Hanley et al. (+323), f Gillen et al. (+31,)�
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Table , NaCl concentration in solution and

the ratio of solution to glass powder

Name Cint (�) LL (�) LL�+4+ w (�)

S*

S**-

S**-w

S*-

S-

*

*4*-

*4*-

*4-

-

++/

+,/

+,/

+.-

+2/

+,04/

+-14/

+-14/

+/14-

,*-4/

+,04,

+-04,

+//4/

+//4/

,*-41

��+ ���YZ��!� 
Fig. + Schematic illustration of directional

cooling experiment.

��, 	
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Fig. , Crystallization in glass powder

saturated with + : +1 THF solution.
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Fig. - The crystal burns readily in air.
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