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GENERATION OF GAS HYDRATE USING FRESH SNOW

Hydrate is formed when hydrogen bonds in water molecules have a basket-like structure.
The central volume of hydrate is comparatively vast, vacuumated and can be filled with gas
molecules. A technical problem arises when solid water (water and ice) interacts: as the speed
of the formation of hydrate is too slow, the quantity of guest gas absorbed by the hydrate is not
sufficient. To solve the problem, the authors attempted to use snow as a host hydrate: the
contact surface of snow with guest gas is much larger as compared with ordinary ice, the
capacity of snow to absorb gas being much higher than that of ice. We used propane for guest
gas filling hydrate. It has been proved that fresh snow absorbs gas much better (70 per cent)
than other kinds of ice do.
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ITosryueHne ra3oruApaToB ¢ HCNOJIb30BaHUEM cBeskero cHera. Macaécu KOBIYAMA —
npodeccop, MHcTUTYT TexHomoruit ropoga Mypopas, . Mypopas, Xokkaiino, Snonus.

I'mapar oOpasyercs, Korna BOJOPOAHBIE CBA3M B MOJIEKYJaX BOJBI UMEIOT CTPYKTYpPY B
BUJe siueek. L{eHTpanbHblil 00beM IuapaTa CpaBHUTENBHO BEIUK, BAKYYMHUPOBAH U MOXET OBITH
3aloyiHeH MouiekynaMmu rasza. CyllecTByeT TeXHUYecKas mpoOiieMa MNpH B3auMOJEHCTBUU
TBepAoil (a3bl BoAbl (JibAa) M razal Tak Kak CKOPOCTh OOpa3oBaHMs TUpara CIHMIIKOM Maja,
KOJINYECTBO TIa3a, KOTOPOE BCACBIBAETCA B THJApAT, HENOCTAaTO4YHO. /[l peleHus >Tou
poOIeMbl aBTOPBI MPEANPUHSIIN HOMBITKY HCIONb30BaTh CHEr KaK MPUHUMAIOIIUNA THApaT:
KOHTaKTHasl MOBEPXHOCTh CHEra C ra3oM 3HAYUTEJNbHO OOJbIlIe MO CPAaBHEHHIO C OOBIYHBIM
JBJOM, K TOMY K€ CIIOCOOHOCTh CHETa MPUHUMAaTh Ta3 HaMHOTO BBIIIE, YeM Yy Jibjaa. B kauecTBe
rasa, 3alOoJHSIONIEr0 ruapar, ObLI UCIONB30BaH Nponad. MccnenoBanocs ceMb BUAOB TBEPAOH
¢a3bl Bozibl. B pabore nokazaHo, 4To 3¢ (hEeKTUBHOCTH MOMIIOIIEHU ra3a cBexuM cHerom (70%)
BBIIIIE, YEM JIPYTUX BUJIOB JIbJA.

Kniouegvle cnoea: tuapar, ras, Jiell, CBEXKHH CHEI, HKCIEPUMEHTAJIbHBII pe3yibTar,

3¢ (HEeKTUBHOCTD.
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Preface

A hydrate is formed when the water molecules are connected by the hydrogen bond as a
basket-like structure. The central void of the hydrate is comparatively wide and can be filled
with small gas molecules. The interaction force between the host water molecules and the guest
gas molecules is weak. The temperature and pressure to which change of formation and
dissociation of a hydrate takes place are different by the structure of a hydrate and by the kind
of gas molecule. The phase equilibrium curves of various gases, such as nitrogen, methane,
carbon dioxide, propane gas, and hydrogen sulfide is clarified. As methods to form the hydrate,
it has been used to contact with host freezing water and guest gas, or host ice and guest gas.
There was a technical problem in the combination of solid water, that is, ice and gas. That is,
the speed of formation of hydrate was too slow, and then the quantity of the guest gas absorbed
in the hydrate was not sufficient.

In this study, as one method of solving this problem, the authors attempt to use snow as host
solid ice because a contact surface of snow with guest gas is very wide as compared with usual
ice, and snow has excellent breath ability than ice. In addition, if the combination of this host
and a guest is practical, we can expect to utilize the rich snow resources more widely and
effectively. And as the phase equilibrium conditions of forming the hydrate are different by the
kind of guest, we can use this characteristic to separate and to concentrate the small amount of
guest gas contained in the air. To develop this type easy separation and concentration of gas
component is also the future purpose of this study of hydrate formation with the snow as host
water.

In this paper, a propane gas was used as the guest gas because the conditions of
temperature and pressure to form the gas hydrate are comparatively easy. From the
experimental results with various samples of snow and ice which were made under different
conditions, it is cleared that the hydrate forming process with fresh snow was most suitable
because 70% of guest gas, that is propane gas, was absorbed and this value is near the limit of
gas hydrate formation.

Experimental Equipment and Method

An experimental equipment is shown in Fig. 1.This is a simple equipment consisted with
a hydrate formation cell, a pre-cooler, a propane gas reservoir, a vacuum pump, pressure and
temperature sensors, some connecting pipes and a insulating box with cooler. It is not necessary
to possess a refrigerator to absorb the thermal energy as to phase change from liquid water to
solid ice.

A propane gas is used as the guest gas. 7 kinds of ice are used for host water, that is, ice
made from distilled water frozen at —10 and -20 °C, sintering ice made from —10 °C of distilled
water and set for 24-hour in a freezer of -8 °C, town and snowmelt waters frozen at —10°C, and
fresh and granular snows. These ice samples are made into small fragments by a slicer, and 159
of them are compressed into density of 0.73 g/cm®.
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After setting an ice sample in the hydrate formation cell cooled -8 °C, all air in the

equipment is purged by the vacuum pump. Propane gas is charged into the pre-cooler under not
liquefy condition. At the time the gas is cooled -8 °C, a valve connected to formation cell is
opened and propane gas is poured into the cell to the pressure of 0.12 MPa. The experiments are

held for 72 hours without any operation.
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Fig. 1. Experimental equipment

Equations for Experiment
Theoretical Absorption of Propane Gas

Theoretical absorption of propane gas into hydrate Qi [MI/g], that is, clathrate quantity,

can be calculated by the following molecular formula of a propane-gas hydrate:

CsHg 17 H,0. 1)
It is cleared that from this equation:
CsHg:H,O=1mol:17mol =73.21 ml: 1g. (2)

That is, 73.21ml of propane gas can be absorbed in 1g of water ice (= Q).
Equations for Amount of Absorption
From the experimental results, the amount of absorbed guest gas in the host ice Q [ml]

can be calculated as follows:
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Q = (Ma RTN /PN ) x 10° [ml], (3)

where
Ma = My -M; [kg],
M; = P1 V /RT [kg],
M, =P, V /RT [kg]
and
M; : amount of initial gas [kg],
M, : amount of final gas[kg],
P, : initial gas pressure[Pa],
P, : final gas pressure[Pa],
V : volume of formation cell =1.53x107 [m°],
R : gas constant = 0.1887 [KJ/kgK],
T : setting temperature=265.15[K],
Py : atmospheric pressure =1.013x10° [Pa],
Tn : temperature (0 °C) =273.15 [K].
The amount of absorbed gas per unit mass Q,, [ml/g] can be calculated as follows:

Qm=Q/m, (4)

where m : mass of ice samples = 15[q].
The ratio of the actual amount of gas absorption as the hydrate to the amount of
theoretical gas absorption is defined as follows and call it as absorption efficiency nap [%].

Nab = Qm /Qtn x100. ()

In usually, the value of absorption efficiency nap is said to be 70-80%.

Experimental Results

Trajectories of the pressure in the hydrate formation cell by the holding time advance are
shown in Fig. 2. In the early period of holding, from 0 to 5 hours, the changes of pressure are
rapidly because there are the wider contact surfaces of ice not to be hydrated. After these early
period, the pressure declines become slow and approach some values.

Absorption efficiencies ng, are shown in Fig. 3. nap Of the fresh snow is higher than those
of the other ices and is higher value of 70%. However ng, of granular snow is low slightly
because of sintering for long time, the values of n,, are the almost same order except the case of
the fresh snow host with the wider contacting surface area with guest and the higher gas breath
ability.
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Absorption Efficiency nab [%]
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Fig. 2. a, b — Trajectories of pressure in formation cell
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Fig. 3. Absorption efficiency
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Fig. 4. Burning Snow i.e., Propane Gas Hydrate made from Fresh Snow

Conclusions

From this experimental study with simple equipment, it is cleared that the absorption
efficiencies of the fresh snow is higher than those of the other types of ice, and is higher value
of 70% which is near the limit of gas hydrate formation. When we make the gas hydrate by the
combination of guest gas and solid water host, it is most suitable to use fresh snow.

We have been studying on the utilization of natural snow. In the field of gas hydrate, it is
cleared the possibility of snow resources use. So to speak, we get “Burning Snow” (see Fig. 4).
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