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Abstract

A simple, inexpensive method of producing a gas hydrate is

provided comprising the steps:

(i) £filling a vessel with an amount of liquid water and/or
frozen water,

(11) adding an amount of condensed hydrate forming gas to
the vessel in a manner such that the condensed gas
does not come into contact with liquid water,

(1ii) contacting the condensed gas, and/or its’
sublimation or liquification products at a
suitable pressure with the liquid and/or frozen
water mixture to produce a reaction mixture, and
keepling the reaction mixture at, or below, the
maximum temperature at which the gas hydrate is
stable and at a suitable pressure for a sufficient

time to produce the gas hydrate.

Also provided is the gas hydrate produced by the method, which
has a high gas content. A reaction vessel comprising means for
separating the condensed hydrate forming gas from the

liquid/frozen water is also provided.
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MANUFACTURE OF EDIBLE FROZEN PRODUCTS

The invention relates to the manufacture of frozen products and
5 more precisely to the manufacture of edible solid gas hydrates

for use in food products.

Various methods for manufacturing gas hydrates are known, for
example, US-A-4 347 707, US-A-4 487 023 and US-A-3 217 503.

10
WO 94/02414 (EP 651 727) discloses a method for the manufacture
of solid gas hydrates where an aqueous liquid as a continuous
phase, having the hydrate forming gas dissolved therein, 1s
cooled to a sufficiently low temperature to form the solid gas
15 hydrate.

All the above disclosed methods require either careful control of
the reaction conditions or, more importantly, complicated and
expensive equipment or conditions. In the methods of the

20 aforementioned US patents the composition of the final product
cannot easily be pre-determined, in particular, not for higher

gas contents.

Conventionally a liquefied or gaseous hydrate forming gas, e.g.
25 CO,, is used in the preparation of gas hydrates and well-known

safety and technical problems then need to be addressed.

The present invention addresses these problems by providing a

method for the manufacture of solid gas hydrates, requiring only
30 a simple pressure vessel and utilisation of commonly existing

freezing facilities. The solid gas hydrates are of particular

use in frozen food products.
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Accordingly, the invention provides a method of producing a gas

hydrate comprising the steps:

(i) filling a vessel with an amount of liquid water and/or
5 frozen water,

(ii) adding an amount of condensed hydrate forming gas to
the vessel in a manner such that the condensed gas
does not come into contact with liquid water,

(iii) contacting the condensed gas, and/or its’

10 sublimation or liquification products at a
suitable pressure with the liquid and/or frozen
water mixture to produce a reaction mixture, and
keeping the reaction mixture at, or below, the
maximum temperature at which the gas hydrate 1is

15 stable and at a suitable pressure for a sufficient

time to produce the gas hydrate.

Also provided by the present invention is a gas hydrate produced

by the method of the invention.

20
The method of the present invention provides several advantages
not previously associated with the manufacture of solid gas
hydrates. These advantages include low cost, the flexibility to
manufacture on a large or small scale, and/or full or partial

25 automation or manual operation (even by one person). Furthermore

the products have a high activity i.e. large volumes of gas per

unit weight.

Thus the present invention provides an effective, yet

30 surprisingly simple, method of producing gas hydrates by the use
of condensed hydrate forming gases, e.g. solid CO;. This makes
the process much easier to control and carry out. The advantages

above were not hitherto provided because of the difficulties




CA 02273503 1999-06-02

“

_F3211(C)

involved in handling gaseous gases as conventionally used.

Ingredients and product

5 The gas hydrate produced may be any that may be made by the
method, in particular, CO; gas hydrate. It 1s especially
preferred if the gas hydrate comprises CO; gas hydrate. The
condensed hydrate forming gas used corresponds to the gas hydrate
to be produced. Preferably, the condensed hydrate forming gas

10 comprises CO,.

Water is used in the method of the present invehtion. Preferably
purified, or pure, water 1s used. The water may be added to the
vessel either as liquid water and/or frozen water. Preferably a
15 mixture of liquid and frozen water is added to the vessel but it
is possible to add only frozen water to the vessel and let it
fully or partially melt. Alternatively only liquid water may be

added and the water can be fully or partially frozen.

20 Where ‘gas hydrate’ is referred to herein this includes gas

hydrate/ice composites within this term.

The condensed hydrate forming gas is used in the present method
in the form that it exists at atmospheric pressure. For example
25 condensed carbon dioxide exists in the solid form at atmospheric
pressure and so is used in this form. References to condensed
hydrate forming gas herein are to be construed accordingly.
Typically the condensed hydrate forming gas will be in the solid
state.
30
The method of the invention will be described in more detail
below with reference to steps (i) to (iv). It will be understood

that within the present i1nvention one or more of the following
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steps may occur concurrently or that possibly the order of steps

(1) and (ii) may be reversed.

Step (i)

In the first step of the method, the vessel 1s filled with an
amount of liquid water and/or frozen water. Any sultable method,

e.g. metered dose, pouring, filling by welighing etc. may be used.

In a preferred embodiment the vessel is filled with a mixture of
liquid water and frozen water so that the latter floats on the
surface of the former. Preferably, before the condensed hydrate
forming gas is added to the vessel, the vessel contains a mixture
of 10-80% by weight of frozen water in liquid water based on the
total amount of water, preferably 20-40%, e.g. 25-40% based on

the total amount of water.

If a mixture of liquid water and frozen water is used the
proportions of liquid water to frozen water (expressed as the
above % by weight) may be controlled to have the appropriate heat
content so that the vessel will equilibrate at a temperature at
which at least substantially all the gas hydrate has been formed
and at least substantially all the ice has been consumed. In
other words, the reaction in the vessel 1s largely self-heat
regqulating when the level of ice is controlled within the limits
stated herein. The desired ratio of liquid water: frozen water
is obtained by using the above % by weight of frozen water in

liquid water.

In one embodiment of the invention powdered, finely divided or
granular condensed hydrate forming gas, eg solidified CO;, 1s
added to the vessel containing liquid water and frozen water.

Powdered condensed hydrate forming gas is preferred. An ice~plu§
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is thus formed across the surface of the liquid water by the
action of the solidified gas upon ice floating on the water and

forms an at least substantially complete barrier across the cross

section of the vessel. The ice-plug is ideally formed as a solid
‘rlug’ of ice extending over the total cross section of the

vessel. The ice-plug could also be formed by other methods.

The ‘ice-plug barrier’ described above 1s one method of achieving
physical separation of the liquid water and condensed hydrate
forming gas as required in step (11). Other suitable methods of
achieving the separation may be used and some other suitable

methods are described below under step (1i1).

“Filling” as used herein does not necessarily describe where the
vessel is filled to capacity. Usually the vessel is filled to

65-90% of its’ wvolume, for example, 75-90% of its’ volume.

The vessel may alternatively be filled with only frozen water in
step (i) so that the use of a condensed hydrate forming gas to

form the ice plug is not required.

Usually the amount of liquid and/or frozen water is pre-
determined prior to filling of the vessel s0 that the exact
amount of each ingredient is added. Alternatively a first
calculated amount of an ingredient may be added and the amount of

the second ingredient calculated accordingly.

. *

Step (11)

In the second step an amount of a condensed hydrate forming gas
is added to the vessel in a manner such that liquid water and the
condensed hydrate forming gas do not come into contact 1i.e. are

physically separated. It 1s to be noted that the order of step
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(i) and (ii) may be reversed, where water only in the frozen
state is added to the vessel. Thus, the condensed hydrate

forming gas may, in practice, be added before, during or after

step (1).

The physical separation of the liquid water and condensed gas
(when it is in a solid form) may be achieved by any suitable
method. Suitable methods include e.g. using a vessel with a
stepped internal diameter in conjunction with a block of
condensed hydrate forming gas (e.g. solid CO; ), or, fixing a
block of condensed hydrate forming gas, (e.g. solid CO;), to the

vessel lid, or providing shelves in the vessel above the level of

the water.

In one preferred embodiment the condensed hydrate forming gas,

is added into the vessel, preferably as pellets, to lie on an ice
plug (formed in the first step) so contact with liquid water 1is
avoided until required. Preferably the ice plug has liquid water
on one side and the condensed hydrate forming gas on the other so

the two ingredients do not come into contact until the ice-plug

melts or in some other way looses its’ integrity.

In another embodiment the separation may be obtained by using a
platform comprising a shelf and a supporting column wherein the
shelf is supported by the supporting column which extends from
the base of the vessel to above surface of the water (whether it
is a liquid, frozen or mixture thereof) in the vessel. The shelf

lies above the surface of the water when the vessel is upright.

The platform comprises a supporting column detachable from the
base of the vessel. Preferably the shelf is concentric with the
supporting column or is placed so as to rest on the apex of the
column. The outer edge (cross-section) of the shelf may be any .

suitable shape, although to provide an effective physical
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barrier, it is preferred that the shelf has a cross sectional
shape substantially consistent with that of the inner surface of
the vessel sides. However there must be a sufficient gap between
the shelf edge and the vessel inner surface to allow adequate
mixing of the reaction mixture. The supporting column may extend
above the shelf to the lid of the vessel when the vessel 1s
upright. In a preferred type of vessel the supporting column 1is
preferably centrally placed in the vessel cavity and extends from

the base of the vessel to the lid. The platform can be made of

any suitable material but is preferably a flexible material that
is easily detached from the gas hydrate product (eg
polytetrafluorethylene (PTFE)). The platform must be detachable

from the vessel to allow for effective removal of the product.

According to this embodiment the supporting column preferably
provides a central annulus to the reaction vessel. This provides

the advantage of reduced processing time.

Before, during, or after, the condensed hydrate forming gas 1is
added, in any method of carrying out the second step, an amount
of pre-formed gas hydrate product may be added to 1induce
nucleation of the gas hydrate product. Preferably, finely
divided, powdered or granular pre-formed gas hydrate product 1is
added onto the ice plug formed in the first step. The pre-formed
gas hydrate product may be added at any time before the condensed
hydrate forming gas and liquid water are brought into contact.
Preferably the pre-formed hydrate product is added to the 1ice-
plug before it melts.

The condensed hydrate forming gas and pre-formed gas hydrate
product (if used) are supported by the ice plug or platform
shelf, and are kept physically separate from the liquid water.

This allows the safe sealing of the vessel as the two components
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of the gas hydrate product have not yet been brought into

intimate contact.

The ingredients are usually added at atmospheric pressure.

The ratio by weight of condensed hydrate forming gas: total
frozen and liquid water is preferably in the range 1:2.35 to
1:11, preferably 1:3 to 1:10, eg 1:4 to 1:7, such as 1:5.5 for
the preparation of CO; gas hydrate. This corresponds to mole
ratios for CO;: water of 1:5.75 to 1:26.9, preferably 1:7.33 to
1:24.5, eg 1:9.8 to 1:17.1, such as 1:13.4.

For other condensed hydrate forming gases the mole ratio of
solidified gas to total frozen and liquid water 1s as above for
CO,.

CO, gas hydrate has the so called structure I (SI). The above
mole ratios apply for making other SI gas hydrates by this
method. The so-called structure II (SII) gas hydrates can be

prepared by using mole ratios of gas: water/ice that take account

of the stoichiometry of SII gas hydrates.

At the end of the second step, the vessel is sealed from the
atmosphere before being pressurised (usually by self -
pressurisation as the solid CO, sublimes and, at the appropriate

temperature and pressure, 1t melts and boils).

Step (111)

In the third step, liquid water and the condensed hydrate forming
gas and/or its sublimation or liquification products are allowed
or caused to come into contact to form the reaction mixture.

Most preferably this occurs at a temperature at, or below, the
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maximum temperature at which the gas hydrate is stable.

The contacting to form the reaction mixture may be effected
either by contacting the condensed gas and/or its sublimation
products either with liquid water only or with an ice/liquid

water mixture. This includes melting of frozen water.

Where the separation of liquid water and condensed hydrate
forming gas occurs by use of an ice-plug, the ice plug may be
melted by any suitable means, e.g. by heated jacket, warm air,
warm water etc., to bring the liquid water and condensed gas into
contact. The melting can be localised or occur by general
application of the melting means. If the condensed hydrate
forming gas is supported on a platform shelf the requirement to
melt an ice plug is avoided. In practice an ice-film (which is
not as thick as an ice-plug) will form across the vessel because

of the conditions within it. However, this is easily melted.

The reaction mixture may be mixed by any suitable means including

rotating or rocking the vessel about its axis or vertical axis.

The reaction to produce the gas hydrate typically starts to occur
in the third step of the method. The temperature of the reaction
mixture in the vessel should not exceed the maximum temperature
at which the gas hydrate is stable and is preferably in the range
of 0°C-5°C, preferably 0°C-2°C.

The temperature of the reaction mixture is kept at or below the

maximum temperature at which the gas hydrate is stable for a
sufficient time to produce the gas hydrate. Freezing, or further

cooling, the mixture 1s usually necessary.
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The temperature of the reaction mixture may be lowered to below
the maximum temperature at which the gas hydrate 1is stable by any
suitable means of heat withdrawal, e.g. by water bath or cooling
jacket comprising cooling liquid such as brine and/or glycol, or
evaporating liquid e.g. ammonia 1f a Jackette vessel is used or
conventional refrigeration (e.g. cold store) or any conventional

freezing method (eg blast freezer).

Typically the gas hydrate product will be formed by subjecting
the reaction mixture to quiescent freezing by placing the vessel

in a freezer e.g. a blast freezer.

Removal of the product

The totally solidified gas hydrate product may be removed from
the vessel by any suitable means, for example, heat can be
applied to the outer surface of the vessel to melt the part of
the product in contact with a warmed part of the vessel thereby
aiding removal. Suitable means to facilitate removal include the
application of hot water, hot air or heated jackets to the
reaction vessel. Alternatively the product may be removed

manually or mechanically from the vessel.

Optional ingredients

The edible gas hydrate product may be prepared so as to include
minor amounts of conventional frozen confectionery product

ingredients such as flavourings, colourings etc.
Vessel

The vessel may be any suitable vessel capable of withstanding the

increases in pressure that occur during the reaction to form the
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gas hydrate product, preferably, a pressure vessel. It 1is
especially preferred if the vessel is free-standing and of a
suitable size and shape that it can be filled, manoceuvred and
emptied manually, for example, by one person. A suiltable vessel,
and one which is particularly preferred, has an elongated
reaction chamber e.g. a substantially cylindrical reaction
chamber formed by a vessel having long, narrow parallel sides.

It is advantageous in terms of the cost of the pressure vessel 1if
it is substantially cylindrical. The vessel, to optimise the
surface area for cooling and nucleatlon of the reactions and to
minimise costs preferably has a high ratio of internal length to
internal diameter in the range 3:1 to 20:1, preferably 7:1 to

20:1, most preferably between 10:1 and 15:1.

Although substantially cylindrical vessels are preferred for
cost reasons also encompassed by “substantially cylindrical” are
internally up to 20% tapering pressure vessels, with the base,
having a smaller internal diameter than the internal diameter of

the vessel at its lid end.

The vessel may be fitted with wheels (or the like) to enable
movement, and, 1t 1s preferably capable of being oriented through
different attitudes e.g. from vertical to horizontal. This
change of orientation may be achieved by any sulitable means e.q.
by winch, handles, or any sulitable automated means. Typically
the vessel has a lid, or other suitable closure means, that can

be tightened or loosened as necessary e.g. by bolts.

Figure 1 shows a reaction vessel for use in the second embodiment
of the method of the present invention. The vessel (1) has
parallel sides(8), a detachable lid (5), a base (6) and a
platform (2) arranged centrally in the reaction vessel cavity

(7). The platform (2) comprises a supporting column (3) that
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extends upwards from the base (6) when the vessel 1s upright. A
shelf (4) is located on the column (3) at a suitable distance
away from the base (6) so that the shelf (4) is above the water
located at the base (6) of the vessel (1) when the vessel is
upright during use. The outer cross section of the shelf (4) 1is
preferably substantially consistent with the internal cross
section of the reaction vessel sides (8). Preferably that the
shelf (4) is substantially horizontal. Preferably the column (3}

is arranged to provide an annular space in the product.

A variation of the vessel shown in Figure 1 has the platform (2)
comprising the supporting column (3) and the shelf (4) arranged
as in Figure 1 but the supporting column (3) does not extend

above the shelf (4) when the vessel 1s upright.

An alternative form for the vessel 1s one wherein it 1s angled,
or bent, so that 1it 1s substantially V-shaped or C-shaped.
However in practice this form of vessel has been found to be less
preferred than the vessel described above as they are more

difficult to remove the product from.

The method of the i1nvention 1s lnexpensive, simple and can be
fully or partly automated. Any part of the method may be

automated if desired.

Examples

The method of the present invention will be further illustrated
by the following example. Further examples and modifications,
falling within the scope of the present invention, will be
apparent to the skilled person. Having generally described the
invention, the following examples elucidating the preparation oﬁ-

CO, hydrate will be described to illustrate the method of the
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invention that may also be applied to produce other desirable gas

hydrates as well.

The following examples also demonstrate the claimed product.
Example 1 - ice plug separation method

An gas hydrate/ice composite product was produced as follows:-

10 Into a cylindrical pressurised vessel (mounted into a support on
wheels), 7 kg of pure water and 4 kg of ice were added so the
vessel contained a mixture of ice and water containing
approximately 36% ice (before any ice melted). The 1ce floated
to the top of the water.

15
The floating ice was hardened by sprinkling onto it powdered
solid CO, (100 g) to lower the temperature of the ice and to form

a firm ice plug across the surface of the water.

20 A further 2 kg of solid CO, was added into the vessel. The solid
CO, was kept separate from the liquid water beneath by the ice-
plug and so no reaction, at this point, took place between the
solid CO, and the liquid water. Powdered CO, gas/ice composite
hydrate product (100 g), taken from a previous preparation, was

25 sprinkled onto the solid CO; to ensure nucleation of the gas

hydrate phase.

The pressure vessel lid was put 1in place and secured by nuts
tightened to the desired torque using an air tool. The vessel

30 was sealed (by closing a tap on the lid) and manually moved from
a vertical to a horizontal position by turning the vessel through.

90 degrees so it rested on 1ts’ wheels.
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Subliming CO; cooled the part of the vessel containing the CO,
(L.e. the part that was the “upper” part when the vessel was
filled). The melting CO; produced rapid cooling and soon the
vessel contained liquid CO, at what was the top of the vessel
when filed, an ice plug, and liquid water in what was the base of

the vessel.

The mixing of the liquid CO, and liquid water was allowed to
start by melting the ice plug by the application of warm running
water to the outside of the vessel. The vessel (which was
palanced about its’ centre of gravity) was manually rocked gently
to provide sufficient agitation to mix the contents. At this
stage the vessel contailned a suspension principally of CO, gas

hydrate crystals in water.

The vessel was allowed to stand for several minutes and was then
taken to a blast freezer to freeze the contents. The vessel was
left at - 35 C for 4 hours to allow the contents to freeze. When
the contents had been given sufficient time to freeze the
pressurised vessel was removed from the freezer and excess
pressure 1n the vessel was released through a pressure release

tap before the lid was loosened.

The opened vessel was returned to a near vertical position, but,
with the end having the lid facing downwards to allow removal of
the frozen product. The gas hydrate product was removed from the
vessel by running warm water over the outside of the vessel so
the product was melted out by melting the portion of the product

1in contact with the vessel.

The ratio of solid CO;: water plus ice initially put in the
vessel, was chosen to produce the desired carbon dioxide content

of the gas hydrate/ice composition product i.e. in mls CO, g .
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The ratio of water: ice was selected to gilve the correct heat

content to drive the reaction to completion.

The carbon dioxide content of the product was 55 mls CO, g - of
composite. Gas hydrate/ice composites produced using only
dissolved CO; typically contain up to 25 mls CO; g*. Thus the
method of Example 1 produces gas hydrate having a carbon dioxide

content greater than a method using only dissolved gas.

Example 2 - platform separation method

Example 1 was repeated but using the cylindrical pressurised
vessel of Example 1 modified to contain a platform comprising a
supporting column and a shelf as shown in Figure 1. By using the
vessel of Figure 1 an annular ingot of gas hydrate/ice composite

product 1s obtailned.

The ice and water mixture of Example 1 was added to the vessel to
a level that was below the shelf of the platform when the vessel

was upright.

Solid CO, was added into the vessel on the platform so that 1t
did not contact any liquid or frozen water. Powdered pre-formed
CO, gas hydrate product was sprinkled into the solid CO; on the

platform as 1n example 1.

The vessel was closed and the reaction mixture formed and mixed

as for example 1.

The freezing method and gas hydrate product removal followed the

method of example 1.

The method of example 2 produced an edible gas hydrate having
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equivalent carbon dioxide to that of example 1. Example 2 was
found to be particularly advantageous in terms of the freezing

time required whilst still providing an acceptable amount of

product per batch.
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CLAIMS:

1. A method of producing a gas hydrate comprising the steps;
(i) filling a vessel with an amount of liquid water,
frozen water, or a mixture thereof
(1i) adding an amount of condensed hydrate forming gas to
the vessel 1n such manner that the condensed gas does not
come 1nto contact with ligquid water,

(111) contacting the condensed gas, 1ts sublimation or
liquification products or a mixture thereof at a sultable
pressure with the ligquid water, frozen water or mixture
thereof to produce a reaction mixture, and keeping the
reaction mixture at, or below, the maximum temperature at
whlch the gas hydrate is stable and at a suitable pressure

for a sufficient time to produce the gas hydrate.

2. A method according to Claim 1 wherein step (1) comprises
filling the vessel with an amount of liguid water and frozen
water and adding thereto an amount of powdered, finely divided
or granular condensed hydrate forming gas to form an ice-plug

over the liguid water.

3. A method according to Claim 2 wherein in step (ii) an
armmount of condensed hydrate forming gas i1s added onto the ice

plug formed in step (1).

4, A method according to claim 2 or 3 wherein step(iii)
comprises melting said ice-plug to contact the liquid water and
condensed hydrate forming gas, its sublimation or liquification

products, or a mixture thereof, to form said reaction mixture.
5. A method according to any one of claims 1 to 4 wherein the

condensed hydrate forming gas comprises solidified carbon

dioxide.

6. A method according to Claim 1 wherein in step (il1) said
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amount of condensed hydrate forming gas 1s added to the

vessel by being placed upon a detachable platform above the

level of the frozen water, liquid water or mixture thereof in

the vessel.

gr—

7. A method according to any one of claims 1 to 6 wherein

powdered, filnely divided or granular pre-formed gas hydrate is

added to the vessel 1n step (ii).

8. A method according to any one of claims 1 to 7 wherein the
condensed hydrate forming gas 1s added to the vessel containing

a mixture of 10-80 wt? frozen water in liquid water.

9. A method according to any one of claims 1 to 8 comprising

a step (1v) that comprises freezing the reaction mixture.

10. A method according to Claim 9 wherein the freezing occurs

by placing the vessel in a blast freezer.

11. A method according to any one of claims 1 to 10 wherein
sald condensed hydrate forming gas is CO, and the ratio by
weight of condensed CO:;: total frozen and liquid water in step

(11) 1s between 1:2.35 to 1:11.

12. A method according to claim 11 wherein the mole ratio of

condensed CO, to total frozen and liquid water is 1:5.75 to
1:26.9.

13. A method according to any one of claims 1 to 12 wherein

the vessel has an elongated reaction chamber.

14. A method according to claim 13 wherein said vessel has a
ratio of internal vessel length: internal vessel diameter of

3:1 or more.
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15. A method according to claim 13 or 14 wherein the vessel 1is

a pressure vessel.

RIDOUT & MAYBEE LLP
Toronto, Canada

Patent Agents
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