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ARGON STRIPPING FROM WATER FOR HIGH PURITY HYDROGEN AND
OXYGEN PRODUCTION

BACKGROUND OF THE INVENTION
[0001] The present embodiments relate to purifying water for use in
electronics applications and in particular to apparatus and methods for removing
argon (Ar) from the water used for hydrogen (Hz2) and oxygen (Oz) production.

SUMMARY OF THE INVENTION

[0002] The electronics, semiconductor and computer industries, to name only
a few, use high purity or “ultra-pure” hydrogen (Hz2) for various component
fabrications and processes. Unfortunately, argon (Ar), which is present in the
feedwater, ends up being present in the hydrogen product when the water (H20)
is separated into hydrogen and oxygen in an electrolysis unit. The presence of
argon in the hydrogen is detrimental to the effectiveness and purity level of the
hydrogen and accordingly, the argon must be separated or removed from the
hydrogen for the hydrogen to be of use for certain applications. The absence of
a sufficient amount of argon from the hydrogen can result in an ultra-pure
hydrogen. Ultra-pure hydrogen is recognized as hydrogen with not more than
100 ppb of argon in the hydrogen.

[0003] Known methods to remove argon occur downstream of the electrolysis
unit and primarily include cryogenic adsorption systems and processes. Such
known apparatus and methods remove argon from the hydrogen to produce
ultra-pure hydrogen by first introducing water to electrolyzer cells to separate
oxygen (O2) and hydrogen molecules in the water, and then further processing

the separated hydrogen stream thereafter to remove the argon therein. The
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downstream removal of the argon-laden hydrogen from the electrolyzer cells is
expensive and time consuming. These known systems and processes to remove
the argon include large downstream cryogenic purification systems to purify the
hydrogen, and such systems are complex and expensive to construct and to

operate.

[0004] It would therefore be desirable and advantageous to eliminate the argon

removal downstream from the electrolyzer cells.

BRIEF DESCRIPTION OF THE DRAWING
[0005] For a more complete understanding of the present invention, reference
may be had to the following description of exemplary embodiments considered in

connection with the accompanying drawing Figure, of which.

[0006] The Figure shows a schematic view of apparatus, system and method
embodiments to strip or remove argon from water according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
[0007] Before explaining the inventive embodiments in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and arrangement of parts illustrated in the accompanying drawings,
if any, since the invention is capable of other embodiments and being practiced
or carried out in various ways. Also, it is to be understood that the phraseology
or terminology employed herein is for the purpose of description and not of

limitation.

[0008] In the following description, terms such as a horizontal, upright, vertical,

above, below, beneath and the like, are to be used solely for the purpose of
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clarity illustrating the invention and should not be taken as words of limitation.
The drawings are for the purpose of illustrating the invention and are not

intended to be to scale.

[0009] The present inventive embaodiments remove argon from feed water by
stripping-out the argon from the feed water upstream of the electrolyzer cells.
The result is that both a stream of hydrogen and a stream of oxygen are created

each of which if free of argon.

[0010] In general, the present inventive embodiments reduce if not eliminate
argon content in hydrogen so that the hydrogen can be characterized as ultra-
pure hydrogen for subsequent use. Argon stripping is a physical separation
process, wherein argon is removed from a liquid water stream by a water vapor
stream. The liquid water and vapor streams can have co-current or
countercurrent flows. The argon stripping is performed in either a plate column
or in a packed column. This is accomplished by heating feed water so that the
water boils and the argon is accordingly stripped from the heated water. The
argon-stripped water is then delivered to electrolyzer cells which split the water
into an oxygen stream and a hydrogen stream, with both the oxygen and
hydrogen streams having a reduced argon content, if any, thus qualifying the
hydrogen and the oxygen as an ultra-pure hydrogen stream and an uitra-pure

oxygen stream.

[0011] The argon content in the ultra-pure hydrogen and ulfra-pure oxygen
streams provided by the present embodiments is in the range of 100 ppb to 10

ppb argon.

[0012] More specifically and referring to the Figure, system and apparatus

embodiments for carrying out the method embodiments of the present invention
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are shown generally at 10 for which an argon stripping column 12 is provided. A
water purification unit 14 positioned upstream of and in fluid communication with
the column 12 receives water 16, such as for example tap water. The purification
unit 14 removes minerals, contaminants and other particulate matter from the tap

water 16 to produce demineralized water.

[0013] Thereafter, the argon-stripped water is delivered from the stripping
column 12 through a pipe 20 or other conduit to a PEM water electrolysis unit 22
to split the water into a hydrogen (Hz) stream 24 and an oxygen {Oz) stream 26.
A power supply 28 provides the electrical power for the PEM water electrolysis
unit 22. Water exiting the argon stripping column 12 is reduced in argon content.
Depending upon the argon stripping operation, the water exiting the stripping
column 12 can contain less than 0.25 ppm Ar or for certain operations and
subseguent applications less than 10 ppb Ar. The system and method of the
Figure show the inventive embodiments for use with steam heat to boil the water

in the argon stripping unit 12 to strip the argon from the water.

[0014] As the Figure shows, the ultra-pure hydrogen stream 24 can be

subjected to further processing according to the present inventive embodiments.

[0015] In certain embodiments there is provided a method for producing ultra-
pure hydrogen which includes heating water for stripping argon from the water;
and separating the argon-stripped water into an oxygen stream and a hydrogen

stream, wherein the hydrogen stream comprises an ultra-pure hydrogen stream.

[0016] In certain embodiments the oxygen stream comprises and ultra-pure

oxygen stream.
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[0017] In certain embodiments the heating is from a heat source selected from

the group consisting of steam, and an electric heater.

[0018] In certain embodiments the argon-stripped water comprises an argon

content not exceeding 0.25 ppm.

[0019] In certain embodiments the argon-stripped water comprises an argon

content not exceeding 100 ppb.

{0020} In certain embodiments the argon-stripped water comprises an argon

content not exceeding 10 ppb.

[0021] In certain embodiments the stripping argon occurs upstream of

electrolyzer cells.

[0022] In certain embodiments the separating comprises delivering the argon-

stripped water to electrolyzer cells.

[0023] In certain embodiments the method further includes purifying the ultra-

pure hydrogen stream.

[0024] in certain embodiments the method further includes delivering the

purified ultra-pure hydrogen stream to a cryogenic purification system.

[0025] In certain embodiments there is provided a method for stripping argon
from hydrogen which includes heating water o strip argon from the water;
providing argon-stripped water to at least one electrolyzer cell; and separating or
splitting the argon-stripped water into an oxygen stream and a hydrogen stream,

wherein the hydrogen stream comprises argon less than 0.25 ppm.
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[0026] in certain embodiments there is provided a method for stripping argon
from hydrogen which includes heating water to strip argon from the water;
providing argon-stripped water to at least one electrolyzer cell; and separating or
splitting the argon-stripped water into an oxygen stream and a hydrogen stream,

wherein the hydrogen stream comprises argon less than 100 ppb.

[0027] in certain embodiments there is provided a method for stripping argon
from hydrogen which includes heating water to strip argon from the water,
providing argon-stripped water to at least one electrolyzer cell; and separating or
splitting the argon-stripped water into an oxygen stream and a hydrogen stream,

wherein the hydrogen stream comprises argon less than 10 ppb.

[0028] In certain embodiments there is provided a method of producing an
argon depleted hydrogen stream which includes heating or boiling water for
removing argon from the water, and electrolyzing the water for producing a

hydrogen stream including argon less than 0.25 ppm.

[0029] In certain embodiments there is provided a method of producing an
argon depleted hydrogen stream which includes heating or boiling water for
removing argon from the water, and electrolyzing the water for producing a

hydrogen stream including argon less than 100 ppb.

[0030] In certain embodiments there is provided a method of producing an
argon depleted hydrogen stream which includes heating or boiling water for
removing argon from the water, and electrolyzing the water for producing a

hydrogen stream including argon less than 10 ppb.
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[0031] in certain embodiments there is provided argon-depleted water
electrolyzed for providing an ultra-pure oxygen stream and an ultra-pure

hydrogen stream with argon content less than 0.25 ppm.

[0032] In certain embodiments there is provided a system for producing an
ultra-pure hydrogen stream which includes a container in which argon is stripped
from water by steam; at least one electrolyzer cell to be contacted by the argon-
stripped water; wherein the at least one electrolyzer cell provides an oxygen
stream and a hydrogen stream with an argon content less than 0.25 ppm.

[0033] In certain embodiments there is provided a method for stripping argon
from oxygen which includes heating water to strip argon from the water; providing
argon-stripped water to at least one electrolyzer cell; and separating or splitting
the argon-stripped water into an oxygen stream and a hydrogen stream, wherein

the oxygen stream comprises argon less than 0.25 ppm.

[0034] In certain embodiments there is provided a method for stripping argon
from oxygen which includes heating water {o strip argon from the water; providing
argon-stripped water to at least one electrolyzer cell; and separating or splitting
the argon-stripped water into an oxygen stream and a hydrogen stream, wherein

the oxygen stream comprises argon less than 100 ppb.

[0035] In certain embodiments there is provided a method for stripping argon
from oxygen which includes heating water to strip argon from the water; providing
argon-stripped water to at least one electrolyzer cell; and separating or splitting
the argon-siripped water into an oxygen stream and a hydrogen stream, wherein

the oxygen stream comprises argon less than 10 ppb.
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[0036] It will be understood that the embodiments described herein are merely
exemplary, and that a person skilled in the art may make variations and
modifications without departing from the spirit and scope of the invention. All
such variations and modifications are intended to be included within the scope of
the invention provided the appended claims. It is understood that the
embodiments described above are not only in the alternative but can be

combined.
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CLAIMS

What is claimed is:

1. A method for producing ultra-pure hydrogen, comprising:

heating water for stripping argon from the water; and

separating the argon-stripped water info an oxygen stream and a hydrogen
stream, wherein the hydrogen stream comprises an ultra-pure hydrogen stream.

2. The method of claim 1, wherein the oxygen stream comprises an ultra-pure

oxygen stream.

3. The method of claim 1, wherein the heating is from a heat source selected

from the group consisting of steam, and an electric heater.

4. The method of claim 1, wherein the argon-stripped water comprises an argon

content not exceeding 0.25 ppm.

5. The method of claim 1, wherein the argon-stripped water comprises an argon

content not exceeding 100 ppb.

6. The method of claim 1, wherein the argon-stripped water comprises an argon

content not exceeding 10 ppb.

7. The method of claim 1, wherein the siripping argon occurs upsiream of
electrolyzer cells.
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8. The method of claim 1, wherein the separating comprises delivering the argon-

stripped water to electrolyzer cells.

8. The method of claim 1, further comprising purifying the ultra-pure hydrogen

stream.

10. The method of claim 9, further comprising delivering the purified ultra-pure

hydrogen stream {o a cryogenic purification system.

11. Argon-depleted water electrolyzed for providing an ultra-pure oxygen stream

and an ultra-pure hydrogen stream with argon content less than 0.25 ppm.

12. A system for producing an ultra-pure hydrogen stream, comprising:

a container in which argon is stripped from water by steam;

at least one electrolyzer cell to be contacted by the argon-stripped water,;

wherein the at least one electrolyzer cell provides an oxygen stream and a

hydrogen stream with an argon content less than 0.25 ppm.

13. A method for stripping argon from oxygen, comprising;

heating water to strip argon from the water;

providing argon-stripped water to at least one electrolyzer cell, and

separaling or splitting the argon-stripped water into an oxygen stream and a

hydrogen stream, wherein the oxygen stream comprises argon in an amount less
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than 0.25 ppm, optionally in an amount less than 100 ppb, or optionally in an
amount less than 10 ppb.
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