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Abstract

IDZAL—=MNARL=NN\A RL—RNERKDFAEDUKT—RBERNICHBOYE (TA
ME ) DD FABMYVAENTZNETHS . NA RL—NERKOEZ >V FHATIILBOE—K
ROTOEBREER)EREVER FBRBEELTHY , SHRE—NRV T OEBHREEEL
TOFNArREEhTVS, NM RL—NOYHERTANPEOEBEICKI)E{LITZHE—
ROTORRIATTENETANEZRETDIEHNEETHS, TTEFERE—RR
T OEBREEORBEE DI NARL—NORYUPERZNEBEORBET O, TTHRYM
BEELT, XBUH-XFI-12-TRFZZIVOAFH Y NA RL—REXRD+12-TRFYD
SOARVENA RL—NOHEBHREAEZT 2. ChSO/NA RL—NEREEKD/NA R
L—RMRWEBNMENERUHTERN TR CENERENL, TLERRXBREZBERFTZTVL. /\
1 RL—NOEZBEZHASHICL I,

EREFENBHEICELTRE. XZUH-XFILERDVDS U NARL—NOEZREEBHOHEZTV
NARL—PMOERBEICL)BERFNBIUEN B TR EZHASHICLIEZ. BALLLERF
WEMEEERBEOBEREIY, NMRL—ME—RM RV 7 OREBEZEGRGORNZT 2 I,
Clathrate hydrate (hydrate) is a compound in which molecules of other molecules (guest
molecules) are incorporated into the three-dimensional cage structure created by water molecules.
Hydrates have a larger heat of formation and dissociation than a latent heat of the working medium
of conventional reverse Rankine cycle heat pumps. their use as the working medium of high-
efficiency heat pumps is being considered. Since the physical properties of hydrate vary depending
on the type of guest material, it is important to select an appropriate guest material for the
development of heat pumps. This year, we investigated the thermophysical and crystallographic
properties of hydrate, which is a candidate working medium for heat pumps. First, we measured
the thermophysical properties of methane + 1-methyl-1,2-epoxycyclohexane hydrate and methane
+ 1,2-epoxycyclopentane hydrate under phase equilibrium conditions. These hydrates were found
to form under more relaxed conditions than conventional hydrates. Powder X-ray crystallography
was also performed to clarify the crystal structure of the hydrates.

As for the crystallographic properties, the crystal growth behavior of methane + 1-methylpiperidine
hydrate was observed, and it was clarified that the crystallographic properties change depending
on the formation temperature of the hydrate. Based on the relationship between the clarified
crystallographic properties and the formation temperature, the optimal operating conditions of the
hydrate heat pump were investigated.
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1. HREREEDOHE

P9ZZL—MNARL—=FMNNA RL—RNERKDFIMEDILAKRT—VBERICHOME (57X MNIE) DD FHE
VAENTMETHS. N RL—MNEIRROHEZVF U H A4 VILBDOE— MRy TOEEEERE Y EREVERK -
DRBEFLTHY, BWRE— MRV TOEEEEAE LTORMAIMMRE SN TWS, N1 RL— OIS R b
MEDRERICEWELLT B7dE— NRYTORREICAITTENRT X NMEEBEEST DI ENEETH D, €I T
REEZE— MRy TOESEERDEBME DDA KL — N OBRYMECERENFEORAET o7, 3R
FEELT, A VHT-AFI-1,2-TRF OO IOANFHIUNA RL—RMEX I VH1,2-TRFO D 7OV I VNS
RL—MDOEEERGEBEEITT oz INHDNA RL—MNIRERDNA RL—MEY BBEBANSINAEZBETERT S
ZENER I N, LM RXIBERBERITZTWV, N FL—MNORBEBEZRASMNC LT,
ERFHRMEICBEAL TR XIV+H1-XFILERY I UNA RL— N OFRERREFOBEREZTWV. N1 RL—hD
ERCREICK WIERENFEIEILT 2L EELMNMI LT, BIALAKBRENFEEEBIREORMRLY. NI R
L—he— bRy TORBELEGREDRF 21T o 7,

2. MRABRREEDOHE (F:R)
Clathrate hydrate (hydrate) is a compound in which molecules of other molecules (guest molecules) are
incorporated into the three-dimensional cage structure created by water molecules. Hydrates have a larger
heat of formation and dissociation than a latent heat of the working medium of conventional reverse Rankine
cycle heat pumps. their use as the working medium of high-efficiency heat pumps is being considered. Since
the physical properties of hydrate vary depending on the type of guest material, it is important to select an
appropriate guest material for the development of heat pumps. This year, we investigated the thermophysical
and crystallographic properties of hydrate, which is a candidate working medium for heat pumps. First, we
measured the thermophysical properties of methane + 1-methyl-1,2-epoxycyclohexane hydrate and methane +
1,2-epoxycyclopentane hydrate under phase equilibrium conditions. These hydrates were found to form under
more relaxed conditions than conventional hydrates. Powder X-ray crystallography was also performed to
clarify the crystal structure of the hydrates.
As for the crystallographic properties, the crystal growth behavior of methane + 1-methylpiperidine hydrate was
observed, and it was clarified that the crystallographic properties change depending on the formation
temperature of the hydrate. Based on the relationship between the clarified crystallographic properties and the
formation temperature, the optimal operating conditions of the hydrate heat pump were investigated.
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