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METHOD AND SYSTEM FOR CONTAINING A SMALL
ATOMIC STRUCTURE GAS

Field of the Invention

The invention relates to containment of gases made of small molecules or
atoms, such as hydrogen or helium. In particular it relates to a method and containers

for limiting the loss of the gas through the walls of the container.

Background of the Invention

One of the main problems with hydrogen and helium storage 1s the minute size
of the hydrogen molecule and the helium atom.

Since, at room temperature, under atmospheric pressure, hydrogen 1s a gas with a
molecule comprising only two hydrogen atoms each with a single proton, hydrogen 1s
highly permeable and has the tendency of escaping from the containers or tanks they
are stored 1n. The same applies to helium which 1s made up of atoms, each with two
protons.

Traditionally, hydrogen barrier coatings or liners are used to limit the escape
of hydrogen. The liners may comprise aluminum and copper alloys, or polymers like
cross-linked polyethylene covered with a graphite fiber epoxy layer.

In order to enhance the containment of hydrogen, these liners need to have a
coefficient of thermal expansion similar to that of the tank material (to prevent
cracking), and low cost and weight.

Hydrogen storage tanks with their low permeability lining typically display
high tensile strength, no reactivity with hydrogen and low ditfusivity.

Another prior art hydrogen storage method 1s through the use of hydride based
hydrogen storage technology. This method 1s still 1n a research stage but can be
considered as a solid state hydrogen storage. In this approach the need for liner

materials 1s avoided. Currently different hydrides are being investigated as possible
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hydrogen storage candidates. These are classified mainly into two groups as metal
hydrides and chemical hydrides.

However, it would be beneficial to be able to store hydrogen 1n 1ts natural state
without having to first resort to capturing the hydrogen in the form of a hydride.
It would also be beneticial to be able to better contain helium. Airships and blimps,
for example, are commonly held aloft by means of helium gas, which tends to escape

through the wall of the bag or bladder that defines the helium container.

Summary of the Invention

The present application provides a totally novel storage system for small
atomic structure gases such as hydrogen and helium, which will virtually eliminate

loss of the hydrogen or helium by diffusion.

For ease of reterence all small atomic structure gases that tend to escape through the
walls of their containers will be referred to herein as hydrogen but 1t will be
understood that other small atomic structure gases such as helium are included and
that the small atomic structure gas may be maintained 1n liquid or solid form
depending on the temperature and the pressure.

According to the invention there 1s provided a container for small atomic structure
gases such as hydrogen or helium comprising a double-walled housing with an inner
wall and an outer wall, defining an inter-space between the inner and outer walls,
wherein a fluid, other than small atomic structure gas, 1s maintained 1n the inter-space
at a higher pressure than the pressure of hydrogen contained within the inner wall of
the container. The term “fluid™ 1s used 1n 1ts conventional sense as including gases
and liquids. It will be appreciated that the container can be configured 1n different
shapes. For example, the container may comprise a cylinder with a circular or oval
Cross-section.

Insofar as the container has a multi-faceted or multi-part inner wall or multi-faceted
outer wall these walls could be thought of as comprising multiple walls or wall

sections, however, for ease of description the singular term “wall” will be used 1n this
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application to define any wall configuration. It will also be appreciated that the inner
and outer walls need not have the same configuration. Also, 1n order to space the
inner wall from the outer wall on all sides, spacers may be provided to keep the 1inner
wall spaced from the outer wall. The spacers may, for example, take the form of ribs
or rods extending between the inner and outer walls.

The 1nner wall may be made of any suitable material that won’t react chemically with
hydrogen or with the fluid 1n the inter-space, and can withstand the pressure
differential between that of the hydrogen housed within the inner wall, and the fluid 1n
the inter-space. The outer wall may be made of any suitable material that won’t react
chemically with the fluid 1n the inter-space and can withstand the pressures of the
fluid 1n the 1nter-space. Insofar as the inner wall 1s made of a tlexible maternial, the
outer wall will have to be capable of withstanding the combined pressure of both the
hydrogen housed within the inner part of the housing defined by the inner wall, and
the fluid 1n the inter-space. For instance, the inner and outer walls may be made ot
stainless steel. The inner and outer walls may be made of the same material or of
ditferent matenals.

The tluid 1n the inter-space may be a gas or a liquid. The gas may be an 1nert gas.
For example, the gas 1n the inter-space may be nitrogen. In the case of a hiquid, 1t
may be liquid water.

Further, according to the 1invention, there 1s provided a method of containing
hydrogen, comprising providing an inner housing spaced from a surrounding outer
housing, maintaining a fluid other than hydrogen 1n the space between the inner
housing and the outer housing, and housing the hydrogen 1n the inner housing at a
pressure that 1s lower than that of the fluid 1n the space. The tluid 1n the space may
be an 1nert gas, e.g., nitrogen, or a liquid, e.g. water. Preferably the fluid 1n the space
1s made up of molecules large enough so that they won’t diffuse through the walls ot

the inner or outer housings. The housings may be provided with stainless steel walls.

Thus, for purposes of this application the term “small atomic structure gas™ refers to

gases made up of molecules or atoms small enough to pass through the walls of
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conventional containers. The terms “container” and “housing™ are used to refer to any
structure used to contain the small atomic structure gas, whether this container takes
the form of a storage tank or a resilient flexible-walled container such as a resilient
bladder, bag, or balloon.

The term “‘resilient” refers to a parameter ot a flexible-walled container that provides
the flexible-walled container with sutficient resilience to compression so as to atford a
backpressure against the fluid 1n the inter-space so that the fluid 1n the inter-space can
be maintained at a higher pressure than the small atomic structure gas being contained
within the inner wall.

The term “‘gas™ 1s used to 1include gases even when these gases are maintained 1n a
solid or liquid state at low enough temperatures or high enough pressures. Thus, 1t
includes, for example, low temperature hydrogen 1n solid form that converts 1nto

gaseous phase by sublimation. The term “tfluid” 1s used to cover any liquid or gas.

Brief Description of the Drawings

Figure 1 1s a cross-section through one embodiment ot a hydrogen container of
the invention;

Figure 2 1s a three-dimensional view of a double-walled base of a cylindrical
housing;

Figure 3 shows a cross-section through another embodiment of a hydrogen
container of the invention, and

Figure 4 1s a depiction of a spherical embodiment of the invention for

purposes of 1llustrating some ot the concepts of the invention

Detailed Description of the Invention

One embodiment of a hydrogen container of the invention 1s shown 1n Figure 1, in
which an inner wall 10 1s spaced from an outer wall 12 to define an inter-space 14

between the inner and outer walls.
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The 1inner wall 10 defines an inner housing 16, which houses the hydrogen 18 1n
practice. For ease of illustration the filling nozzle 1s not shown but conventional
filling ports could be incorporated to fill the inner housing with hydrogen. The outer
wall 12 defines an outer housing 19. The inter-space 14 between the inner housing 16
S and outer housing 19, 1n this embodiment, 1s filled with nitrogen gas 15 at a pressure
1in excess of that of the hydrogen 18 that will be filled into the 1inner housing 16. It
will be appreciated that other gases or liquids can be used but preferably an 1nert
gases 1s used that won’t react with the material of the walls 10, 12. Also, to minimize
escape of the pressurized gas 14, preferably a gas with a large enough molecular

10 structure 1s chosen that will avoid or at least reduce 1ts passing through the walls of
either the 1inner housing 16 or outer housing 18.

In the embodiment of Figure 1 both the inner housing 16 and outer housing 19
are cylindrical 1n shape with a race-track-shaped cross-section, which can be defined
as substantially oval albeit that the long sides are straight. It will be appreciated that

15 1n order to avoid escape of hydrogen through the top and bottom of the container
(when the container 1s 1n 1ts operative position), the bottom or base walls of the 1inner
and outer housings would have to be spaced apart against the force of gravity. This
may be achieved by means of spacers between the inner housing 16 and outer housing
18. Insofar as the container 1s to be used 1n a weightless environment spacers on all

20  sides may be included to avoid 1nertial forces displacing the inner housing 16 relative
to the outer housing 19. The spacers may be made of a material that 1s different from
that of the inner and outer walls 10, 12, but are preferably made of a material that
won’t chemically react with the fluid 1n the inter-space 14, and won’t corrosively
interact with one another.

25  Figure 2 shows one embodiment of a double-walled base that serves to close off one
of the small ends ot a cylindrical housing (where the container 1s maintained 1n an
operatively vertical configuration). In this embodiment the double-walled base 1s
circular and 1s intended for the small end of a circular cross section cylindrical

housing or for a spherical container.
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(It will be appreciated that the cylindrical housing of Figure 1, with 1ts race-track
cross section, 1if maintained 1n an operatively horizontal configuration, would require
a double walled base and double walled hid with a race-track shape to close the ends
of the cylindrical housing of Figure 1.)

S  In the embodiment shown 1n Figure 2 spacers 20 1n the form of rods or pins are
provided between the 1nner base 22 of the inner housing and the outer base 24 of the
outer housing. It will however be appreciated that the spacers could 1nstead, or 1n
addition, be provided between the vertical side walls of the inner and outer housing or
between the upper lid of the 1inner housing and the upper lid of the outer housing, to

10 suspend the inner housing from the outer housing.

As 1s shown 1n Figure 2, the inner base 22 has a smaller diameter than the
inner base 24 to accommodate the smaller diameter inner housing (not shown). The
inter-space region 238 between the inner base 22 and the outer base 24 will be 1n tlow
communication with the inter-space between the inner and outer housings once the

15  bases are secured to the housings. In this way the pressure of the gas i1n the various
inter-space regions can easily be kept uniform and only one filling port (not shown) 1s
required.

In another embodiment, shown 1n Figure 3, the housing comprises an inner
spherical housing 30 spaced from an outer spherical housing 32 by means of annular

20  ribs 34.

Stainless steel has commonly been used 1n prior art pressure vessels.

In one embodiment of the present application stainless steel 1s used for the
inner housing, however other materials can be used that can withstand the pressure
differential of the hydrogen 1n the inner housing and the pressure of the tluid 1n the

25 Inter-space, and that won’t chemically react with hydrogen or the fluid 1n the inter-
space and preferably has low ditfusivity to hydrogen. In the case of an inner housing
with substantially rigid walls, the outer housing has to withstand the pressure of the
fluid 1n the 1inter-space. The inner housing may instead comprise a resilient, flexible
inner housing, 1n which case the resilience of the wall of the 1inner housing has to be

30  large enough to oppose compression of the inner housing to a degree sutficient that



WO 2021/096541 PCT/US2019/063902

10

15

20

25

the fluid 1n the 1nter-space can be maintained at a higher pressure than the pressure of
the small atomic structure gas in the inner housing. Insofar as the inner wall 1s
flexible, the outer housing will have to be capable of withstanding the combined
pressure of the hydrogen gas and the resilience of the inner housing to compression.
The outer housing can be made of the same material as the inner housing or of a
different material, provided it does not chemically react with the fluid 1n the inter-
space or the surroundings, e.g., atmosphere air and water vapor, that the storage
container will be used 1n.

In one embodiment, the resilience of a flexible housing can be achieved
through appropriate choice of the shape of the housing and nature of the wall material,
e.g. a spherical housing with polymer plastics walls. Instead strengthening ribs can be
added to the housing to resist compression.

Tensile strength presents one of the limitations to the maximum allowable
pressure 1n the tank, and if mass 1s a concern, the density of the material 1s also

important. Wall materials usually used 1n prior art hydrogen containers are steel alloys

(Yield Strength Sysingle = 703 MPa and density (p)= 7860 kg/m3), titanium alloys
(Sysingle= 924 MPa and p= 4430 kg/m3) and carbon composite (Sysingle= 2070 MPa

and p= 1900 kg/m3), where Sygingle represents the resultant yield strength when

reducing the totality of pressure vectors to a single vector.

The container of the present invention can be used to contain both hydrogen 1n a
gaseous form as well as hydrogen 1n a liquid form. Even 1n liquid form, the main
problem with hydrogen storage 1s the hydrogen boil-off, which can lead to hydrogen
consumption without any usage. Boil-off refers to the phenomenon that some portion
of the liquid boils under heat exchange and becomes gaseous, which can escape by
permeating through the wall of a prior art housing, and 1s a function of thermal
insulation, tank size and tank shape.

For the compressed hydrogen: currently available hydrogen storage vessels

can have pressures up to 70 MPa at room temperature. Prior art hydrogen tanks are
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classified as Type IV tanks by federal and international standards, and require a satety
factor of 2.235.

In the case of liquid hydrogen storage tanks, operational pressures typically
range from 0.1 MPa to 0.35 MPa. It will, however, be appreciated that the hydrogen
has to be maintained at a low enough temperature to maintain 1t substantially 1n 1ts
liquid state.

At atmospheric pressure hydrogen will assume a liquid state under 20.4 K,
which 1s below the critical point temperature (33 K, 1.29 MPa). This temperature 1s
in the region of cryogenic temperatures which 1s defined as the range below 123 K (-
150 C°).

As mentioned above, however, even 1n 1ts liquid state hydrogen will still be lost
due to boiling off, or sublimation of the hydrogen.

The hydrogen leak-through rate dQ/dt through a permeable barrier can be
defined as dQ/dt = PA/t (po-p1) where P 1s the permeability coefficient for hydrogen
through the material of the barrier; A 1s the area defined by the barrier, t 1s the barrier
thickness, po -pi1 1s the hydrogen pressure on one side of the barrier, and p; 1s the
pressure of the gas on the other side of the barrier. In the present invention, the inner
housing wall defines the barrier, wherein the hydrogen 1s on one side of the barrier
(inner wall) and a high pressure fluid on the other side, as 1llustrated in Figure 4. By
maintaining the high pressure fluid at a higher pressure than that of the hydrogen, 1t
retards the movement of hydrogen through the wall of the inner housing. The effect
of the higher pressure tluid 1n the inter-space of the present invention therefore
provides a high pressure envelope or region around the hydrogen, thereby retarding
the propagation of the hydrogen out of the 1nner housing since the hydrogen would
not tend to move from a low pressure to a high pressure region.

This also avoids the need for costly liners and the difficulties associated with
the prior art liners. Due to the simplicity of the double wall container and by avoiding
the need for exotic liner materials, the container of the present invention 1s also
expected to have a much longer life-span and greater reliability than prior art

hydrogen containers.
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The benefits of this invention can therefore be summed up as tollows:

1. A hydrogen storage system that prevents or at least retards hydrogen

permeation

Lower cost

No use of liners

High reliability

Easy interfacing with fuel cells

No metal or chemical hydrides

~NS<G oy 0 B W N

Low cost, easy to build, proof of concept prototype
10
It will be appreciated that the embodiments provided herein are for 1llustrative
purposes only. Helium could be contained 1n a similar manner and the nature of the
container can vary, and 1s not limited to a storage tank. The container can, for
example comprise a double walled container where one or both of the inner and outer

15  housings are made of a flexible material with a defined resilience to compression.
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What 1s Claimed 1s:
1. A container for small atomic structure gases such as hydrogen or helium
comprising,
S a double-walled housing with an inner wall and an outer wall, defining

an inter-space between the inner and outer walls, wherein a fluid, other than
small atomic structure gas, 1s contained 1n the inter-space at a higher pressure
than the pressure of the small atomic structure gas, which 1s contained within

the 1nner wall of the container.

10 2. A container of claim 1, wherein spacers are provided to keep the inner wall

spaced from the outer wall.

3. A container of claim 2, wherein the spacers comprise ribs or rods extending

between the 1nner and outer walls.

4. A container of claam 1, wherein the inner wall 1s made of a material that won’t
15 react chemically with the small atomic structure gas or with the tfluid 1n the
inter-space, and can withstand the pressure differential between that of the
small atomic structure gas housed within the inner wall, and the tfluid 1n the

Inter-space.

J. A container of claim 1, wherein the outer wall 1s made of a material that won’t
20 react chemically with the fluid 1n the inter-space and can withstand the

pressures of the fluid 1n the inter-space.

6. A container of claim 5, wherein the inner wall 1s made of a flexible material,
and the outer wall 1s capable of withstanding the combined pressure of both

the small atomic structure gas housed within the inner wall, and the fluid 1n

25 the inter-space.
7. A container of claim 5, wherein the fluid 1n the inter-space 1s an 1nert gas.
3. A container of claim 5, wherein the fluid 1n the inter-space 1s water.

10
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9. A method of containing a small atomic structure gas, comprising
providing an inner housing spaced from a surrounding outer housing,
maintaining a fluid other than the small atomic structure gas 1n the space
between the inner housing and the outer housing, and
S housing the small atomic structure gas in the inner housing at a

pressure that 1s lower than that of the fluid 1n the space.

10. A method of claim 9, wherein the small atomic structure gas 1s hydrogen.
11. A method of claam 9, wherein the fluid 1n the space 1s an 1nert gas or 1nert
liquid.
10 12. A method of claam 11, wherein the fluid 1n the space 1s made up of molecules

large enough so that they won’t diffuse through the walls of the inner or outer

housings.

13. A method of claim 9, wherein one or both of the 1nner and out housings

comprise a rigid storage tank or a resilient, flexible-walled bladder.

15 14. A method of claim 13, wherein any the inner housing comprises a resilient,
flexible-walled bladder with sufficient resilience to compression so as to
atford a backpressure against the fluid 1n the space so that the tluid 1n the
space can be maintained at a higher pressure than the small atomic structure

gas being contained within the inner housing.

20

11
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PROPOSED HYDROGEN STORAGE TECHNOLOGY

Py = pressure outside inner wall

_—Pg = nydrogen pressure inside

N Double-walled housing
Atmospheric pressure outside
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