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ELECTROLYSIS CELL ELECTROLYTE PUMPING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional patent application
60/522,737, filed November 2, 2004 and 60/594,869, filed May 13, 2005.

FIELD OF THE INVENTION

The present invention relates to a system for pumping electrolyte through

an electrolysis cell.

BACKGROUND OF THE INVENTION

Electrolysis cells use electrical energy to generate reaction gases by
splitting a compound of an electrolyte. Due to the chemical reaction of
electrolysis, the concentration of the electrolyte constantly increases.
Electrolysis cells work properly within a limited range of electrolyte
concentration. If the concentration is too low, the electrical resistance of the

electrolyte becomes too high and the efficiency of the electrolysis cell goes

~ down. Alternately, if the electrolyte concentration is too high, the electrolyte ‘

becomes very corrosive and the electrolysis cell might be irreversibly
damaged. For an alkaline electrolysis cell, a typical concentration range may,
for example, be from 15 to 30 % KOH.

The energy efficiency of an electrolysis cell depends on its internal
resistance. Thus the distance between positive and negative electrode of the
electrolysis cell is kept small in order to have a low ohmic resistance between
the electrodes. In some electrolysis cells, a typical distance is 1 mm. In an

electrolysis cell with an active area of 100 cm? the electrolyte volume inside
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the cell is 10 ccm. At a current density of 200 mA/cm?2 about 6 to 7 ccm of
water are consumed by the electrolysis cell per hour. Therefore, the
electrolyte in some cells may be pumped from a reservoir through the cell in
order to keep the cell's electrolyte concentration in the proper range. The size
of the reservoir determines the operating time of the electrolysis system. The
electrolyte flow that has to be pumped through the cell depends on the
concentration of the electrolyte in the reservoir. For example, assuming that
the highest accepted concentration is 30 %, one has to replace the electrolyte

in the electrolysis cell 5 times per hour at a starting-concentration of 15 % and

68 times per hour at a starting concentration of 29 %. This means that the
electrolyte flow that has to be pumped through the cell is between 50 and 680
ccm per hour.

The gas diffusion electrodes that are used in some electrolysis cells for
generating the reaction gases work best with a small differential pressure
between the reaction gases and the electrolyte, with the electrolyte pressure
being lower than the gas pressure. One has to take care about the differential
pressure when pumping electrolyte through the cell. For the same reason the
electrolyte pressure has to be quite constant all over the cell and the pressure
drop caused by the flow resistance has to be small. For example, typical
operation pressures of electrolysis cells may be 0.5 to 3 bars and the

electrolyte pressure may also have to be that high for proper cell operation.

Usually, the electrolyte is pumped by conventional pumps such as, for
example, rotary pumps, gear type pumps, piston pumps or membrane pumps.
However, in an efficient electrolysis system these pumps may offer one or
more limitations, including for example, problems with handling low flow rates

and/or high pressure flows and problematic power consumption.
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SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, there is provided a
system for pumping electrolyte through an electrolysis cell characterized in
that the pressure of at least a portion of the gas generated by the electrolysis

cell is used as driving force for the pumping.

It is to be understood that other aspects of the present invention will
become readily apparent to those skilled in the art from the following detailed
description, wherein various embodiments of theinvention are shown and

described by way of illustration. As will be realized, the invention is capable

- for other and different embodiments and its several details_ are capable of

modification in various other respects, all without departing from the spirit and
scope of the present invention. Accordingly the drawings and detailed

description are to be regarded as illustrative in nature and not as restrictive.

" BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the drawings wherein like reference numerals indicate similar
parts throughout the several views, several aspects of the present invention
are illustrated by way of example, and not by way of limitation, in detail in the

figures, wherein:

Figure 1 is a schematic block diagram of an electrolysis cell and electrolyte

pumping system according to one aspect of the present invention:

Figure 2 is a schematic block diagram of an electrolysis cell and electrolyte

pumping system according to another aspect of the present invention;

Figure 3 is a schematic block diagram of an electrolysis cell and electrolyte

pumping system according to another aspect of the present invention;
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Figure 4 is a schematic block diagram of an electrolysis cell and electroiyte

pumping system according to another aspect of the present invention; and

Figure 5 is a schematic block diagram of an electrolysis cell and electrolyte

pumping system according to another aspect of the present invention.

7

DETAILED DESCRIPTION OF THE INVENTION

The detailed description set forth below in connection with the appended
drawings is intended as a description of various embodiments of the present
invention and is not intended to represent the only embodiments
contemplated by the inventor. The detailed description includes specific
details for the purpose of providing a comprehensive understanding of the
present invention. However, it will be apparent to those skilled in the art that

the present invention may be practiced without these specific details.

The present invention relates to a system for pumping electrolyte through
an electrolysis cell by using the pressure of at least one of the reaction gases
generated by the cell itself. The present invention may also relate to an
electrolysis system that couples the pressures of the generated gases with

the pressure of the electrolyte.

The present invention uses the pressure of reaction gas generated by the
electrolysis cell to cause pumping of electrblyte through the cell. With
reference to‘Figure 1, a pumping system according to the present invention
may include an electrolysis cell 100, an electrolyte reservoir 102 and an
electrolyte pumping chamber 104. In operation, pumping chamber 104 may
be positioned lower, as determined by gravity, than electrolyte reservoir 102.

The electrolysis cell, the electrolyte reservoir and the pumping chamber are
connected by electrolyte conduits in a circuit so that an electrolyte flow circuit,
arrows E, may be set up wherein electrolyte may flow through a conduit 106
from the cell to the reservoir, then through a conduit 108 from the reservoir to

4
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the pumping chamber and then through a conduit 110 back to the cell. Also,
the pumping chamber 104 may be connected to both the cell and the
reservoir by reaction gas conduits 112, 114 respectively to permit pumping of
electrolyte using the flow of generated gas, arrows G, as will be explained in

greater detail below.

The electrdlysis cell has at least one outlet 1 for the reaction gases, an
electrolyte inlet 3 and an electrolyte outlet 4. The reservoir may have an
electrolyte inlet 15 that is connected through conduit 106 to the electrolyte
outlet 4 of the electrolysis cell. The pumping chamber may have a gas inlet
10a that is connected via conduit 112 and a valve 21a to the cell reaction gas
outlet 1 and a gas outlet 10b that is connected via conduit 114 and another
valve 21b to a gas inlet 14 of the reservoir chamber. The pumping chamber
may also have an electrolyte outlet 11 that is connected to the electrolyte inlet
of the electrolysis cell 3 and an electrolyte inlet 13 that is connected to an
electrolyte outlet 20 of the reservoir through the gas flow conduits. Valves
21a, 21b may be coordinated, as, for example, by use of a switch,
communication or control, such that only one of the valves can be open at any
one time so that the pumping chamber is either in gas communication with the

reservoir or in gas communication with the electrolysis cell 100.

An electrolysis cell starts to generate gases generally as soon as a
sufficient voltage is applied. In operation of a system according to Figure 1, for
example, a gas pressure is generated once cell 100 begins operation. In the
described system, when valve 21a is open a portion of the generated reaction
gas from cell 100 flows into the pumping chamber, where the pressure
thereby also increases. Due to the increasing gas pressure, the electroiyte in
the pumping chamber is also pressurized and driven out, and thus pumped
out, of pumping chamber 104 to inlet 3, then through the electrolysis cell, out
through outlet 4 and back to the reservoir through conduit 106 and the
reservoir's electrolyte inlet 15. If the valves 21a, 21b aré switched, so that

valve 21a is closed and valve 21b is opened, the connection between the

5
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electrolysis cell and the pumping chamber is interrupted and no further gas
from the cell can reach the pumping chamber. Instead, with valve 21b open,
the pumping chamber is now connected to the gas inlet 14 of the electrolyte
reservoir through conduit 114 and renders pumping chamber 104 and
electrolyte reservoir 102 pressure equilibrated. As such, electrolyte may flow
from the reservoir to the pumping chamber through conduit 108 due to gravity.

While the flow of electrolyte from reservoir 102 to pumping chamber 104
may be accomplished by gravfty, other flows such as from the pumping
chamber back to the cell may be positively driven by pumping drive generated
from the use of reaction'gas and, as such, need not require positioning to act

on gravity.

The reservoir, being connected to the electroiysis‘cell by conduit 106 from
outlet 4, may continue to fill with electrolyte that is passing, as for example by
residual pumping pressure through the cell and/or by electrolyte that is

draining along conduit 106.

While the reservoir fills the pumping chamber with electrolyte, the
electrolysis cell can remain in operation and can continue to generate gas.
When the valves are switched back, to open valve 21a and close .valve 21b,
pumping chamber 104 may be substantially immediately pressurized again,
the electrolyte flow from the reservoir to the pumping chamber stops and
electrolyte is pumped to and through the electrolysis cell again. This cyclic
operation can be used to pump electrolyte through the system.

One or more valves, such as valve 13a at inlet 13 and or valve 11a at pump
chamber outlet 11 (Figure 2), can be provided to control the direction of flow
of gas or liquid, where desired or needed. Such valves can be check valves
or positively driven valves as desired. Where valves 13a, 11a, etc. are
positively driven, their opening and closing may have to be coordinated with

valves 21a, 21b in order to permit appropriate operation of the system.

Y
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As the system uses an alternating and coordinated opening and closing of
valves 21a, 21b, it may be desirable to use a connected valve, such as a 3/2
way valve so that the opening of one valve automatically closes the other.
Switching between valves 21a, 21b can be controlled by controllers such as,
for example, level sensors, timers, etc. as desired. Such a system may also
be useful for other valves in the system for which opening and closing needs

to be coordinated.

As ma'y be appreciated, it may be possible to reduce the numbers of
conduits between the components by combining the conduits adjacent gas
inlet 10a and the gas outlet 10b into one conduit, as gas flow will only be in

one direction at one time, as controlled by valves 21a, 21b.

It is usually desired to have the reaction gases available for use at a
particular pressure for example 0.5 to 3 bar énd in a closed electrolysis
system it is desirable to maintain the electrolyte and reaction gases witH a
small differential pressure. In the illustrated embodiment, cell 100 may

'operate under a pressure greater than ambient and optimal system operation

may be dependent on maintaining .the gas and electrolyte differential
pressure. Thus, care may be taken for the balance of the absolute pressure
of the system. In particular, it is noted that in some embodiments the
reservoir may be at ambient pressures, while the generated reaction gases
and electrolyte in the cell may be at significantly higher pressures and it may
be desirable to control pressure in the pumping system to avoid adverse
differential pressures through the system. Pressure control may be achieved
by use of pressure control devices 22a, 23a such as electrolyte flow resistors,
controls, valves, etc. and/or reaction gas flow resistors, controls, valves, etc.
Selection of these pressure control devices and positioning thereof may be
used to couple directly the pressures of at least the pumping portion of the
generated gases with the pressure of the electrolyte so that an operationally

acceptable differential pressure is maintained in the cell.
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The illustrated system permits the water, which is consumed during
electrolysis, to be replenished to adjust the electrolyte concentration without
opening cell 100. For example, an electrolyte/water refill inlet 18 may be
provided in the system in either the pumping chamber or the reservoir, as
desired. In some embodiments, the refill inlet may be positioned to permit
introduction of liquid to the system without shutting the system down. In one
embodiment, the refill may be positioned in the reservoir which operates open
to atmosphere.

Thus, in view of the foregoing, an electrolysis cell electrolyte pumping
system is provided wherein the pressure of at least a portion of the gas
generated by the electrolysis cell is used as driving force for the pumping of
the electrolyte. In one embodiment, the electrolyte pressure is coupled with
the pressure of the pumping gas in such a way théf the differential pressure
between the electrolyte and the gas is as high as that differential pressure
selected for the operation of the electrolysis cell. Where the cell generates
two reaction gases separately, the pressures of both reaction gases may also
be coupled in such a way that the differential pressure between the two gases
is as high as that differential pressure selected for the operation of the
electrolysis cell.

The present pumping system for electrolysis cells can be realized in
different ways as described in the following examples. The following
examples show various components of the system and it should be
appreciated that such components may be used alone or in combination, as

desired, to provide an operational system with various selected attributes.

EXAMPLE 1

Figure 2 shows one example electrolysis system that employs a first portion
of the reaction gas from electrolysis cell 100 for pumping and provides a

second portion of the reaction gas to a user through line 120 for an application
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other than pumping the electrolyte. In this particular embodiment, the system
actually generates two gasses with the first gas (gas 1) being used for
pumping and the second gas (gas 2) passed for use/collection by the user. In
one embodiment, the system may be selected to generate oxygen as gas 1
and hydrogen as gas 2. However, formation of other reaction gasses may be

of interest in an electrolysis system.

After use for pumping, gas 2 is emitted to the environment, as indicated at
outlet 16. Thus, the electrolyte reservoir 102 is not pressurized in this

example.

In this embodiment, it is desirable that the electrolyte pressure in the
electrolysis cell be kept quite constant for optimal conditions of gas diffusion
electrodes in the cell. Therefore, the electrolyte outlet 4 of the electrolysis cell
isn't connected directly to the inlet 15 of the reservoir inlet, since if it were, the
ambient pressure in the reservoir would be communicated to the outlet 4
which would generate an electrolyte pressure close to the pressure of gas 1 at
the inlet 3 and close to ambient pressure at the outlet 4. In that case, the
pressure vdrop between electrolyte inlet and outlet of the electrolysis cell would
be close to the pressure of gas 1. Hence, an adjustable flow resistor 22 is
used between the electrolysis cell and the reservoir. In Figure 2, a primary
pressure valve is shown but flow resistor 22 could also be embodied. in
different ways, for example, as through the use of a needle valve. The flow
resistance has to be adjusted so that the electrolyte pressure at the outlet of
the electrolysis cell is almost as high as at the inlet. The pressure of reaction
gas 2 is also regulated by a primary pressure valve 23 and may have to be
adjusted to the pressure of gas 1.

A 3/2 way valve 21 is provided to control gas flow into and out of pumping
chamber 104 through gas port 10. Valve 21 is switched by a liquid level switch
12. Using liquid level switch 12, as soon as the electrolyte in the pumping
chamber is sensed as being at a low level, valve 21 is switched to refill mode,

which connects pumping chamber gas port 10 and reservoir gas inlet 14.

9
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When switch 12 senses that the electrolyte level is at a high level, it signals
valve 21 to switch to a pumping mode, wherein pumping chamber gas port 10-

and gas outlet 1 of electrolysis cell are connected.

The pressures of the two reaction gases and the electrolyte are not
cooperatively coupled since the reservoir, and any gas 1 flowing therein, is
open to atmosphere. Thus, the préssures of the reaction gases and the
electrolyt.e are not directly coupled but are controlled individually and.may
have to be monitored in order to be adjusted on each other to maintain an
operétionally adceptable pressure differential in the cell. Monitoring can be for
example by use of pressure sensors 5, 6.

Of course, the system can include other operational components to facilitate
operation such as, for example, one or more of strippers and filters 7, 8, 9 for
removing entrained electrolyte from gas ﬂows and returning it to electrolyte
flow lines, a venting inlet 17, an electrolyte/water fill inlet 18, an electrolyte
level switch 19, as may be useful for indicating when the system requires a
water refill and a drain 27.

EXAMPLE 2

Figure 3 shows schematically a system that is similar to the one described
in Example 1 but makes two reaction gases (gas 1 and gas 2) available to a
user through lines 120a, 120b. In this embodiment, the pressure of reaction
gas 1 is also regulated by a primary pressure valve 24. Th us, the electrolyte in
the reservoir is pressurized and a flow resistor, such as the flow resistor 22 of
example 1 is not needed. The pressure difference uséd for the electrolyte
pumping is | generated while the pumping chamber is refilled from the
reservoir,

In this embodiment, the pressure of the pumping gas (gas 1) and}the
electrolyte are directly coupled. Thus, only the pressures of the two gases
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have to be monitored and adjusted on each other to control pressure

differentials through the electrolysis cell.

EXAMPLE 3

Figure 4 shows a system where the pressures of the two reaction gases are
also coupled. Thus, instead of the two primary pressure valves, indicated as
23, 24 in Figure 3, a differential pressure valve 25 is used. Thus only the
pressure of gas 1 has to be monitored and the pressure differences between

gas 1 and gas 2 and between gas 1 and the electrolyte are fixed.

EXAMPLE 4

The system shown in Figure 5 differs from the system of Example 3 in the
way in which the 3/2 way valve 21 is switched. In particular, instead of using a
liquid level switch to trigger valve 21 the triggering is done by a timer 28. In
addition, the check valves 13a, 11a at the electrolyte inlet 13 and outlet 11 of
pumping chamber 104 are replaced by another 3/2 way valve 26 also
triggered by timer 28. Valve 26 is capable of switching between a first
connection between an electrolyte port 11b of the pumping chamber and
electrolysis cell electrolyte inlet 3 and a second connection between pumping

chamber port 11b and reservoir electrolyte outlet 20.

The previous description of the disclosed embodiments and examples is.
provided to enable any person skilled in the art to make or use the present
invention.  Various modifications to those embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein
may be applied to other embodiments without departing from the spirit or
scope of the invention. Thué, the present invention is not intended to be
limited to the embodiments shown herein, but is to be accorded the full scope
consistent with the claims, wherein reference to an element in the singular,

11
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such as by use of the article "a" or "an" is not intended to mean "one and only
one" unless specifically so stated, but rather "one or more". All structural and
functional equivalents to the elements of the various embodiments described
throughout the disclosure that are known or later come to be known to 'those
5 of ordinary skill in the art are intended to be encompassed by the elements of
the claims. Moreover, nothing disclosed herein is intended to be dedicated to
the public regardless of whether such disclosure is explicitly recited in the
claims. Specifically with respect to the United States, no claim element is to
be construed under the provisions of 35 USC 112, sixth paragraph, unless the

10 element is expressly recited using the phrase "means for" or "step for".

12°
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We claim:

1.

A system for pumping electrolyte through an electrolysis cell
characterized in that the pressure of at least a portion of the gas
generated by the electrolysis cell is used as driving force for the

pumping.

The system according to claim 1 wherein the electrolysis cell includes
an electrolyte pressure and wherein the at least a portion of the gas
generated includes a pumping gas pressure and wherein the
electrolyte pressure is coupled with the pumping gas pressure in such
a way that any differential pressure between the electrolyte and the at
Ieast a portion of the gas generated is as high as that differential

pressure selected for operation of the electrolysis cell.

The system according to claim 2 wherein the at least a portion of the
gas generated is a first gas and the electrolysis cell generates a .
second gas and wherein the pressures of both the first gas and the
second gas are coupled in such a way that the differential pressure
between the two gases is as high as that differential pressure selected

for the operation of the electrolysis cell.

The system according to claim 1 wherein the at least a portion of the
gas generated is pressure controlled to maintain an operational gas

pressure within the electrolysis cell.

The system according to claim 1 wherein the flow of electrolyte through
the electrolysis cell has an electrolyte pressure and is pressure
controlled to maintain an operational electrolyte pressure within the

electrolysis cell.

The system according to claim 5 wherein the at least a portion of the
gas generated has a gés pressure and is pressure controlled to
13
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8.

9.

maintain an operational gas pressure within the electrolysis cell and the
gas pressure of the at least a portion of the gas generated is monitored
and adjusted against the electrolyte pressure to maintain an

operational pressuré differential within the electrolysis cell.

The systém according to claim 5 wherein the at least a portion of the
gas generated has a gas pressure and the gas pressure is directly
coupled to the electrolyte pressure in such a way that any differential
pressure between the electrolyte and the at least a portion of the gas
generated is as high as that differential pressure selected for operation

of the electrolysis cell.

The system according to claim 1 further comprising an electrolyte
reservoir and a pumping chamber connected via an inlet conduit to
receive electrolyte from the electrolysis cell and connected via an outlet

conduit to flow electrolyte to the electrolysis cell. ‘

The system according to claim 8 further comprising a pressure control
in the inlet conduit and a pressure control in ihe outlet conduit to
pressure isolate the electrolyte of the ele;ctrolysis cell from the
electrolyte reservoir and from tlhe pumping chamber.

10.The system according to claim 8 wherein the electrolyte reservoir is

pressure isolatable from the pumping chamber.

11.The system according to claim 1 wherein the electrolysis cell generates

a second gas portion, which is passed to an application other than

pumping the electrolyte.

12. The system according to claim 1 wherein the electrolysis cell operates

at an elevated pressure greater than ambient and the system operates
to pump electrolyte while maintaining the elevated pressure in the

electrolysis cell.

14
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13.The system according to claim 1 wherein the system circulates
electrolyte from the electrolysis cell to an electrolyte reservoir, then to
an electrolyte pumping chamber and then by drive of the at least a
portion of the gas generated back to the electrolysis cell.

14.The system according to claim 1 wherein the at least a portion of the
gas generated is applied to an electrolyte pumping chamber to elevate
the pressure of the electrolyte therein and force it into the electrolysis

cell.

15.The system according to claim 14 further comprising an electrolyte
reservoir to receive electrolyte pumped from the electrolysis cell and
then pass the electrolyte to the electrolyte pumping chamber when
pressures are equalized between the electrolyte pumping chamber and

the electrolyte reservoir.

16.The system according to claim 15 wherein the at least a portion of the
gas generated has a gas pressure and the gas pressure is
coﬁmunicated to, and regulated to be substantially maintained in, the
elect‘rolyte pumping chamber and the electrolyte reservoir to maintain
an operational pressure differential between the electrolyte and the at

least a portion of the gas generated within the electrolysis cell.

15
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