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Abstract — Morphology of methane/propane clathrate hydrate crystal was investigated under different undercooling
conditions. After the water pressurized with compound guest gas was fully saturated by agitation, medium within the
vessel was rapidly undercooled and maintained at the constant temperature while the visual observations using micro-
scope revealed detailed features of subsequent crystal nucleation, migration, growth and interference occurring within
liquid pool. The growth of hydrate was always initiated with film formations at the bounding surface between bulk gas
and liquid regions under all tested experimental conditions. Then a number of small crystals ascended, some of which
settled beneath the hydrate film. When undercooling was relatively small, some of the settled crystals slowly grew into
faceted columns. As the undercooling increased, the downward growth of crystals underneath the hydrate film became
dendritic and occurred with greater rate and with finer arm spacing. The shapes of the floating crystals within liquid pool
were diverse and included octahedron and triangular or hexagonal platelet. When the undercooling was small, the octa-
hedral crystals were found dominant. As the undercooling increased, the shape of the floating crystals also became den-
dritic. The detailed growth characteristics of floating crystals are reported focused on the influences caused by
undercooling and memory effect.
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Fig. 1. Photograph of optical test vessel.

slstast Hl453 M43 20074 8

8 - Y

A Gabe 2
sz} 0] gk ) sq—ua o 2

ST Tl PEAA7E AAE T ETO B EE TkA
A8 91 AlSE AFERIE oldtele 7] ulF-e] 714 3 o
J) Fole] L5 SAsks 7l T3 Ay dd 45 &
EataL vk GAHEAR] B8 FYske sk 549 S
AxE ) At R0 Yl 5= HEe] GHE A
g3t S8t

e e As AXshe v %PJ 1zl & *‘34011

= Nikon A7} #1238 45 300 2kE2] stz Fu} o]of 24
| 7 7He] 7HE BAF B ARSI 9] Qe ez
I TE 7lee Edto]l ZARISITE B, e Fee] FAE )
AG A e A 9] TS wHEste] ARlelth &
£ WHES- gJal §7]9) uFol] AxE =14 A7) (magnetic bary=
Fo] W gPeA] Ao HEaigleh Y B P 3
2 CCD 7HlEk(Sony, DXC-390)7} 42 #1117 (Nikon, SMZ 1000)
3} tjx @b ek(Nikon, Coolpix 5400)% AFE3le] E56}lal 715
3kt
Ade Frleks S thaat Ak WA 8715 sk

2] F719F HAE 3] AlAsIaL w715 2 F, °F 25 cc
9] et B WhET1(87]) Ulell TSttt olojA 30 &5 E
Aojato] HEE71e] U RE7F s 7] 250 o]2%% o
H, W71 vtel 715 AAS] fla 7 IAE 7] i
o 1 MPa o] 9f o= FXIskar tf7]9f F7HA] WEshe
273 3d-& 33] o] NkESIRIh slolmalo]E AR ] A
N F UulEAke] kel oJste] AAsh QJEks Wtk vk
7¥est AdANE 47] S8 BE A0 Fnjael s
FESAIZAT

Estol] A Q3 ARNE AP f1§ AnlAF e A3E Fig.
off ERAQITE, cln) e Hxof 3712 AR E710) &= f&

o
= FYstaL §7] UF 257 A e REd F Ee s

A
Ea

o %%7121] ”EHA Ur__/.ﬂl-ﬂ]»“ %71 W= ‘Zl‘?:] OM‘/} S’J—ri ks
&

M
OR

F

> il

—O— Water (25 cm®)

2.48 A

2.46 A

2.44 A

Pressure (Mpa)

2.42

240 & T T T T T
0 20 40 60 80 100 120

Time (min)

Fig. 2. Result of preliminary experiment to determine the saturation
time with methane/propane gas.
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Fig. 4. Photographic images near bounding surface between gas and
liquid regions taken at different elapsed times during experi-
ment 1 (15.2 K undercooling).
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Fig. 5. Photographic images near bounding surface between gas and
liquid regions taken at different elapsed times during experi-
ment 2 (13.7 K undercooling).
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Fig. 6. Flange-like crystal developed at the tip of downward crystals
during experiment 2.
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Fig. 8. Photographic images near bounding surface between gas and
liquid regions taken at different elapsed times during experi-
ment 4 (3.2 K undercooling).
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