(19 DANMARK (10 DK/EP 3797855 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.CI.: B 01D 53/22 (2006.01) B 01 D 63/04 (2006.01) C 01 B 21/00 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2023-08-07

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2023-05-24

(86) Europaeisk ansggning nr.: 20208221.0

(86) Europaeisk indleveringsdag: 2018-11-06

(87) Den europeaeiske ansggnings publiceringsdag: 2021-03-31

(30) Prioritet: 2017-11-15 US 201762586308 P 2018-10-12 US 201816158626
(62) Stamansggningsnr: 18204479.2

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: Generon IGS, Inc., 16250 Tomball Parkway, Houston TX 77086, USA

(72) Opfinder: Reese, Steven, 18606 Catamaran Drive, Humble, TX 77346, USA
STRAUB, Marc, 288 Pebble Beach, Brentwood, CA 94513, USA
Jensvold, John A, 483 Jasper Court, Benicia, CA 94510, USA

(74) Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kgbenhavn S, Danmark
54) Benzevnelse: KOMPAKT MEMBRANMODULSYSTEM TIL GASSEPARATION

(56) Fremdragne publikationer:
EP-A1- 1 857 166
EP-A1- 2 208 522
EP-A1- 2 514 499
JP-A-2013 017 939



DK/EP 3797855 T3



DK/EP 3797855 T3

DESCRIPTION

[0001] The present invention relates to the separation of gas into components using polymeric
membranes.

[0002] It has been known to use a polymeric membrane to separate air into components.
Various polymers have the property that they allow different gases to flow through, or
permeate, the membrane, at different rates. A polymer used in air separation, for example, will
pass oxygen and nitrogen at different rates. The gas that preferentially flows through the
membrane wall is called the "permeate” gas, and the gas that tends not to flow through the
membrane is called the "non-permeate” or "retentate” gas. The selectivity of the membrane is
a measure of the degree to which the membrane allows one component, but not the other, to
pass through.

[0003] A membrane-based gas separation system has the inherent advantage that the system
does not require the transportation, storage, and handling of cryogenic liquids. Also, a
membrane system requires relatively little energy. The membrane itself has no moving parts;
the only moving part in the overall membrane system is usually the compressor which provides
the gas to be fed to the membrane.

[0004] A gas separation membrane unit is typically provided in the form of a module containing
a large number of small, hollow fibers made of the selected polymeric membrane material. The
module is generally cylindrical, and terminates in a pair of tubesheets which anchor the hollow
fibers. The tubesheets are impervious to gas. The fibers are mounted so as to extend through
the tubesheets, so that gas flowing through the interior of the fibers (known in the art as the
bore side) can effectively bypass the tubesheets. But gas flowing in the region external to the
fibers (known as the shell side) cannot pass through the tubesheets.

[0005] In operation, a gas is introduced into a membrane module, the gas being directed to
flow through the bore side of the fibers. One component of the gas permeates through the
fiber walls, and emerges on the shell side of the fibers, while the other, non-permeate,
component tends to flow straight through the bores of the fibers. The non-permeate
component comprises a product stream that emerges from the bore sides of the fibers at the
outlet end of the module.

[0006] Alternatively, the gas can be introduced from the shell side of the module. In this case,
the permeate is withdrawn from the bore side, and the non-permeate is taken from the shell

side.

[0007] An example of a membrane-based air separation system is given in U.S. Patent No.
4,881,953.

[0008] Other examples of fiber membrane modules are given in U.S. Patent Nos. 7,497,894,
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7,517,388, 7,578,871, and 7,662,333 as well as in JP 2013 017939 A.

[0009] One application of the above-described technology is the production of nitrogen.
Sometimes it is necessary to produce high purity nitrogen, defined as having a purity of up to
99.99%. In other situations, nitrogen of only moderate purity, defined as a purity of 99% or less,
is needed.

[0010] In producing moderate purity nitrogen, one typically provides a plurality of membrane
modules arranged in a parallel array, so that all the modules receive the same feed gas,
usually compressed air, and all of the modules discharge to a common output stream. In
producing high purity nitrogen, the modules are instead arranged in series, such that the first
set of modules receives a raw feed gas, such as compressed air, and such that the product of
the first set comprises the feed gas for the second set of modules. The output of the second
set of modules is the high purity nitrogen stream.

[0011] The systems of the prior art can produce either moderate purity nitrogen, or high purity
nitrogen, but not both. A prior art system either comprises a plurality of modules in parallel, or it
comprises sets of modules arranged in series. Moreover, the series arrangement typically
occupies considerably more space than does the set of parallel modules, because of the need
to provide distinct stages which are separate from each other, each stage having its own
housing.

[0012] The present invention provides an apparatus according to claim 1 and a method
according to claim 6, wherein the apparatus is disposed in a single housing and can be easily
configured for series or parallel operation, simply by changing the settings of a few valves.
Thus the device of the present invention provides greater flexibility of operation, and reduces
the space occupied by, and the weight of, the system, while minimizing production costs
associated with auxiliary piping and valves.

[0013] The apparatus according to the present invention comprises a set of membrane
modules, connected by appropriate conduits and valves, wherein the set of modules can be
configured either as a plurality of modules connected in series, or as a plurality of modules
connected in parallel. The configuration can be changed simply by changing the positions of a
few valves. Thus, the same device can be used to produce a gas of moderate purity, or a gas
of high purity, depending only on the setting of the valves.

[0014] A plurality of membrane modules are connected to inlet manifolds and outlet manifolds,
the manifolds being connected to external pipes, the flow of gas in some of the pipes being
allowed or blocked by valves installed in such pipes.

[0015] In a configuration in which the modules are all arranged in parallel, the feed gas is
directed through the inlet manifolds, and conveyed simultaneously into all of the modules. The
output of the modules is collected by the outlet manifolds, which convey the product gas
through an external pipe to an outlet port.
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[0016] In a configuration in which the modules are effectively arranged in series, the feed gas
is directed, due to the setting of the external valves, into only some, preferably half, of the
modules in the set. The product gas of these modules is directed, again due to the setting of
the valves, back to inlet manifolds connected to the modules which did not receive the initial
flow of gas. The product gas from this second group of modules is then collected by outlet
manifolds, and conveyed through an external pipe to the outlet port.

[0017] Thus, in the latter configuration, although the modules occupy the same physical space,
and are not moved, they function either as one larger set of modules connected in parallel, or
two smaller sets of modules arranged in series, based only upon the change of the positions of
the valves. In switching between series and parallel modes, one does not move the modules,
and one does not make any changes other than to change the positions of the valves.

[0018] The present invention therefore saves substantial space and weight, by using a single
group of modules, contained in a single housing, for both parallel and series operation.

[0019] The present invention therefore has the primary object of providing a set of modules
which can be configured in a series or parallel configuration, simply by changing the positions
of a small number of valves.

[0020] The invention has the further object of reducing the volume occupied by a membrane
module system, while maintaining the flexibility of the system to operate in either a series or
parallel mode.

[0021] The invention has the further object of providing a membrane-based gas-separation
system which can be easily configured to provide either a moderate purity product gas, or a
high purity product gas, simply by changing the positions of a small number of valves.

[0022] The invention has the further object of reducing the weight of a membrane-based gas-
separation system.

[0023] The invention has the further object of reducing the cost of acquisition and operation of
a membrane-based gas-separation system.

[0024] The invention has the further object of facilitating the production of either moderate
purity nitrogen, or high purity nitrogen, using a set of gas-separation membrane modules
contained in a single housing.

[0025] The reader skilled in the art will recognize other objects and advantages of the present
invention, from a reading of the following brief description of the drawings, and the detailed
description of the invention.

Figure 1 provides an elevational view of a set of membrane modules, made according to the
present invention, having valves and piping set to configure the device for production of
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nitrogen of moderate purity.

Figure 2 provides an elevational view of the device of Figure 1, but in which the valves are set
to configure the device for production of nitrogen of high purity.

Figure 3 provides a top view, partly broken away, of the device of Figures 1 and 2.

Figure 4 provides a detail of the construction of the device of the present invention, showing
the connection of the membrane modules to a manifold.

[0026] The present invention comprises an apparatus having a plurality of membrane
modules, wherein the apparatus has a first configuration in which the modules are all operated
in parallel, and a second configuration in which the modules comprise two groups which are
effectively arranged in series. The configuration of the apparatus can be changed simply by
changing the position of a small number of valves, typically three valves.

[0027] The parallel configuration is used to produce a gas having moderate purity, and the
series configuration is used to produce a gas having high purity.

[0028] In brief, when the system is operated in the parallel mode, the feed gas is distributed
among all of the modules, and passes through the modules simultaneously. VWWhen the system
is operated in the series mode, the feed gas is directed into some, but not all, of the modules,
and the product of said modules is then directed into some or all of the remaining modules, i.e.
those modules that did not receive the initial feed gas.

[0029] The following description of the invention will use, as an example, the case wherein the
gas being separated is air, and wherein the product gas is nitrogen, which is recovered as a
retentate stream. However, the invention can be practiced with other gases, and could be
implemented such that the product gas is the permeate and not the retentate, without
departing from the spirit of the invention.

[0030] Figure 1 shows the apparatus of the present invention, in the configuration wherein all
of the modules are arranged in parallel. The modules 21 are arranged in a plurality of rows. In
the embodiment shown, there are six rows, each row containing six modules. Other
arrangements could be used instead, within the scope of the invention. The internal structure
of the modules does not form part of the present invention; the modules can be made
according to the prior art cited above, or in other ways.

[0031] The three control valves are valves 4, 12, and 20. In the drawings, when a valve handle
is generally parallel to its associated conduit, the valve is open, and gas can flow through the
conduit. When the valve handle is generally perpendicular to the conduit, the valve is closed,
and no gas can flow through the conduit.
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[0032] Air to be separated enters air inlet 1, communicating with pipes 2, 3 and 11 which are
external to the set of modules 21. Another pipe, corresponding to pipe 11, is located on the
side of the set of modules which is not visible in the figure. But it is understood that such pipe is
connected to pipe 2. The pipes 2 and 11 convey air to manifolds 5, 6, 7, 8, 9, and 10, which
manifolds are located at the bottom of the various modules 21.

[0033] The manifolds 5-10 are staggered, such that pipe 2 conveys gas (air) to manifolds 6, 8,
and 10, and pipe 11 conveys gas to manifolds 5, 7, and 9. Although the connection between
pipe 2 and manifolds 6, 8, and 10 is in a region that is obscured in the view of Figure 1, the
fluid connection is essentially the same as the connection between pipe 11 and manifolds 5, 7,
and 9.

[0034] The modules are arranged in a series of rows, and each row can have any number of
modules sharing the same inlet row manifold. In the example given in Figures 1 and 2, and in
the top view of Figure 3, there are six modules in each row.

[0035] The product (retentate) gas produced by the modules flows into manifolds 14, 15, 16,
17, 18, and 19, located at the top of the set of modules in Figure 1. These manifolds are also
staggered, similar to the manifolds at the bottom of the set of modules. Thus, manifolds 14, 16,
and 18 collect the outlet gas from the modules, for their respective rows, and discharge the
gas into pipe 13. Manifolds 15, 17, and 19 discharge into pipe 30, on the opposite side of the
set of modules, pipe 30 not being visible in Figure 1, but being visible in the top view of Figure
3. Pipe 30 connects to pipe 23, as shown in Figure 3.

[0036] More particularly, modules in the row connected with inlet row manifold 5 discharge into
outlet manifold 19. Modules connected with inlet row manifold 6 discharge into outlet manifold
18. Modules connected with inlet row manifold 7 discharge into outlet manifold 17. Modules
connected with inlet row manifold 8 discharge into outlet manifold 16. Modules connected with
inlet row manifold 9 discharge into outlet manifold 15. And modules connected with inlet row
manifold 10 discharge into outlet manifold 14.

[0037] Outlet manifolds 14, 16, and 18 discharge into pipe 13, while outlet manifolds 15, 17,
and 19 discharge into pipe 30, visible in Figure 3, which is fluidly connected to pipe 23. Pipe 23
connects with the nitrogen outlet port 24 in all configurations. Pipe 13 collects gas that can
either be directed to port 24 or released through valve 12 to enter pipe 11, depending on the
positions of the valves, as will be shown later.

[0038] The individual modules take in feed gas, which is air in the present example. The
modules produce a permeate stream which is oxygen-rich, relative to the feed stream, at low
pressure. The permeate stream flows into the spaces around the modules, and this permeate
gas is vented through port 22 at the top of the system. Fans (not shown) may be used at or
near port 22 to facilitate the removal of the permeate gas. The non-permeate gas, i.e. the gas
which does not pass through the membranes, is the retentate stream, which in the present
example is the product gas, a nitrogen-enriched stream. The retentate is discharged into the
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upper outlet row manifolds.

[0039] In the configuration represented in Figure 1, valve 4 is open, so gas (air) can flow
freely, through pipes 2 and 3, to all of the bottom manifolds 5-10, and such gas passes upward
through all of the modules, as indicated by the arrows. Gas cannot flow beyond pipe 11,
because valve 12 is closed.

[0040] Because valve 20 is open, and valve 12 is closed, gas in pipe 13 is forced to flow to the
nitrogen outlet 24. Similarly, gas in pipe 30, visible only in Figure 3, on the opposite side of the
set of modules, must flow into pipe 23, and then to the nitrogen outlet 24. \Waste gas, which in
this example is permeate oxygen, exits the system at vent 22.

[0041] One can therefore see that in the configuration of Figure 1, all of the modules are
effectively arranged and operated in parallel. That is, the incoming air is directed to all of the
modules, and divided among those modules. The product gases of the modules are collected
at the top section, and together comprise an output stream. In the example of air separation,
this output stream is nitrogen of moderate purity.

[0042] Figure 2 illustrates the configuration wherein there are effectively two groups of
modules operating in series. Note that, in Figure 2, the positions of the three valves have been
changed. That is, valve 4 is now closed, valve 12 is now open, and valve 20 is now closed.

[0043] Air enters through air inlet 1. But because valve 4 is closed, no air from the inlet 1 can
flow into pipe 11. Instead, all the air from the inlet flows through pipe 2, into the pipe
corresponding to pipe 11 (not visible in the figure), on the far side of the set of modules, and
into manifolds 6, 8, and 10. The air therefore flows into every other module, i.e. only those
modules which are connected to manifolds 6, 8, and 10. Thus, in this arrangement, the air
initially flows into approximately one-half of the modules, and is prevented from entering the
remaining modules.

[0044] The product gas (the retentate nitrogen-enriched stream), from the modules which
received the initial air stream, flows into manifolds 14, 16, and 18, which connect to pipe 13.
Because valve 20 is closed and valve 12 is open, this stream flows downward, as shown in
Figure 2, through pipe 11, and then into manifolds 5, 7, and 9. The latter manifolds are in fluid
connection with the modules which did not receive the original feed stream. The gas then flows
upward through these modules. Because the gas entering these modules, as an input stream,
is already nitrogen-enriched, the product retentate gas will be nitrogen of even higher purity.
The output of these modules flows out through outlet row manifolds 15, 17, and 19, and then
flows into pipe 30 (visible only in Figure 3) and pipe 23, and to nitrogen outlet 24. The waste
gas (permeate) exits through vent 22. The output retentate gas is therefore nitrogen of high

purity.

[0045] Thus, in the arrangement of Figure 2, the modules are effectively divided into two
groups having approximately equal numbers of modules, and the feed gas is conveyed first
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through one group of modules, and the product gas so produced is then conveyed through the
other group of modules. Thus, the two groups of modules are effectively arranged in series,
even though they are physically disposed within the same housing, and even though they are
interleaved with each other.

[0046] Each row of modules, defined by its shared inlet row manifold, and its outlet row
manifold, is associated with one of two top exterior discharge pipes 13 or 23, for the output
(retentate) flow of that row. For maximum efficiency, and to allow for the best configuration and
minimal piping, rows that connect through pipe 11 (inlet row manifolds 5, 7, 9) connect to pipe
30, which connects to external discharge pipe 23, while rows that connect through pipe 2 to
inlet row manifolds 6, 8, 10 ultimately discharge into external pipe 13. The routing of process
flows in this way facilitates the use of valves 12, 20, and 4 to switch from a parallel
configuration to a series configuration.

[0047] While not absolutely necessary for its operation, it is best to alternate rows, with regard
to connection to the various external pipes 2, 11, 13, 23, to simplify the manufacture. This
arrangement maximizes the distance between piping lines from these external conduits, to the
various inlet/outlet row manifolds, so that welded or screw attachments can be easily
constructed with adequate spacing, while allowing the rows of modules to be closely packed
together.

[0048] The permeate stream from each module in the system simply vents into the system
enclosure (not shown), and out through the top port 22, with the aid of a vent fan. The
enclosure must also allow for a compressed air port and a retentate port exiting the enclosure.
The enclosure protects the system from the environment and allows for the permeate stream
from the modules to be controlled at the top vent.

[0049] In summary, it is apparent that the plurality of valves, pipes, manifolds and ports
together comprise means for arranging the set of modules in one of two configurations, namely
a first configuration in which the modules are effectively configured in parallel, and a second
configuration in which the modules are divided into two groups configured in series.

[0050] The valving to switch the system from operating in parallel to operating in series will
ideally be in the enclosure, but the control handles can be positioned outside the enclosure to
facilitate the switching between parallel and series configurations.

[0051] Figure 4 shows the connection between the modules 21 and the inlet or outlet row
manifolds. Inlet and outlet piping from the modules enter the row manifolds through O-ringed
ports 25. The inlet and outlet piping from the modules has slots 26 that allow passage of gas
into or out of the module. This allows for simple assembly of modules for the compact
arrangement.

[0052] In an alternative embodiment, one may substitute the set of three two-way valves used
to control the flow pattern in the system to one three-way valve and one two-way valve. This
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arrangement would require the use of a three-way valve in place of either valves 12 and 4, or
to replace the combination of valves 12 and 20. Depending on this choice, either valve 4 or
valve 20 would remain as a two-way valve. This alternative would change the piping layouts as
shown in the figures.

[0053] The invention can be modified in other ways, without departing from the scope of the
claims. For example, one could arrange the modules in groups having unequal numbers. The
sets of modules could be interleaved, as shown in the examples described above, or non-
interleaved, or one could provide some other pattern of interleaving and non-interleaving.

[0054] In the embodiment wherein two groups of modules are effectively connected in series,
the numbers of modules in each group, in the example discussed above, were equal, or nearly
equal. But in practice, these numbers of modules in each group could be different, i.e. the set
of modules need not be divided exactly in half. These and other modifications will be apparent
to those skilled in the art.
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Patentkrav

1. Apparat til ikke-kryogen separation af gasser, omfattende en flerhed af moduler

(21), hvor hvert modul inkluderer mindst en polymermembran i stand til at separere

bestanddele af en gas, der passerer igennem modulet, hvor apparatet inkluderer en

flerhed af kanaler og ventiler (4, 12, 20) som er forbundet til modulerne (21), hvor

modulerne er indrettet i en flerhed af raekker, hvor hver reekke inkluderer en flerhed

af moduler,

hvor:

I en farste konfiguration af ventilerne (4, 12, 20), en feed-gas ledes ind i alle
modulerne (21), hvor modulerne er forbundet parallelt,

I en anden konfiguration af ventilerne (4, 12, 20), en feed-gas ledes ind i en
farste gruppe af moduler (21), hvor den farste gruppe omfatter feerre end alle
modulerne, og derefter ind i en anden gruppe af moduler, hvor den anden
gruppe omfatter moduler der ikke harer til den farste gruppe, hvor den farste
og anden gruppe af moduler (21) er effektivt serieforbundet,

feed-gassen stremmer igennem gaskanaler (2, 3), hvor gaskanalerne er
forbundet til indgangsforgreningsrar (5-10) der etablerer en fluidforbindelse
mellem gaskanalerne og modulerne (21),

apparatet inkluderer udgangsgaskanaler (23) der er forbundet til
udgangsforgreningsrar (14-19) der etablerer en fluidforbindelse mellem
modulerne (21) og udgangsgaskanalerne (23) for en udgangsgas produceret

af modulerne (21),

kendetegnet ved, at:

hvert modul (21) har en indlgbsrerledning som har slidser (26) og som
kommer ind i et indgangsforgreningsrer (5-10) igennem en O-ringsabning

(25), hvor slidserne (26) definerer en passage for gas der strammer fra
indgangsforgreningsraeret (5-10) ind i modulet (21),

hvert modul (21) har en udlebsrarledning som har slidser (26) og som kommer
ind i et udgangsforgreningsrer (14-19) igennem en O-ringsabning (25), hvor
slidserne (26) definerer en passage for gas der strammer fra modulet (21) ind

I udgangsforgreningsraret (14-19).
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2. Apparatet ifelge krav 1, kendetegnet ved, at der er preecis tre ventiler (4, 12, 20).

3. Apparatet ifelge krav 1, kendetegnet ved, at indgangsforgreningsreret (5-10)

leder gas ind i hver anden reekke af moduler.

4. Apparatet ifelge krav 1, kendetegnet ved, at udgangsforgreningsraret (14-19)

leder gas ud af hver anden reekke af moduler.

5. Fremgangsmade til udveelgelse af en renhedsgrad af en separeret gasbestanddel
under anvendelse af et apparat ifelge et hvilket som helst af kravene 1 til 4, hvor
bestanddelen er separeret fra en feed-gas, hvilken fremgangsmade inkluderer at
tilvejebringe en flerhed af moduler (21), hvert modul inkluderer mindst en
polymermembran i stand til at separere bestanddele af en gas, der passerer igennem
modulet, apparatet inkluderer en flerned af kanaler (2, 3, 11, 23) og ventiler (4, 12,
20) som er forbundet til modulerne, hvor fremgangsmaden inkluderer at lede gas ind
I modulerne og lede gas ud af modulerne,
hvor:
I en farste konfiguration af ventilerne (4, 12, 20), en feed-gas ledes ind i alle
modulerne (21), hvor modulerne er forbundet parallelt, og
I en anden konfiguration af ventilerne (4, 12, 20), en feed-gas ledes ind i en
farste gruppe af moduler, hvilken farste gruppe omfatter feerre end alle
modulerne, og derefter ind i en anden gruppe af moduler, hvilken anden
gruppe omfatter alle moduler der ikke harer til den farste gruppe, hvor den
farste og anden gruppe af moduler er effektivt serieforbundet,
fremgangsmaden yderligere omfatter at placere ventilerne (4, 12, 20) i den
forste position nar der @nskes et produkt af moderat renhed, og at placere
ventilerne (4, 12, 20) i den anden position nar der @nskes et produkt af hejere
renhed,
kendetegnet ved, at:
trinnet til at lede gas ind i modulerne inkluderer at lede gassen igennem
slidser i en indlgbsrarledning der straekker sig fra hvert modul og kommer ind |

et indgangsforgreningsrar (5-10) igennem en O-ringsabning (25),
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3

trinnet til at lede gas ud af modulerne inkluderer at lede gassen igennem
slidser i en udlagbsrarledning der streekker sig fra hvert modul og kommer ind i

et udgangsforgreningsrer (14-19) igennem en O-ringsabning (25).

6. Fremgangsmaden ifalge krav 5, kendetegnet ved, at der er praecis tre ventiler (4,
12, 20).



DK/EP 3797855 T3

DRAWINGS

22

SN

BOTTOM
REGULAR PURITY N,

FIG. 1



DK/EP 3797855 T3

5
BOTTOM
HIGH PURITY N,

FIG. 2



DK/EP 3797855 T3

FIG. 3

1
13




DK/EP 3797855 T3

v "Old




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - CLAIMS
	Page 12 - CLAIMS
	Page 13 - CLAIMS
	Page 14 - DRAWINGS
	Page 15 - DRAWINGS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS

