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(57) Abstract: Provided is a pressure swing adsorption hydrogen manufacturing apparatus capable of improving a product
recovery rate while preventing product purity from being reduced. A process control unit P controls operation of adsorption
towers 1 generating a product gas by causing an adsorbent to adsorb components-to-be-adsorbed of a material gas other
than hydrogen components during a sequential repetition of an adsorption step, a pressure equalizing emission step, a
desorption step, and a pressure recovery step. The process control unit P is configured to control operation of the adsorption
towers 1 in a configuration that executes, at an initial stage of a unit treatment period, a pre-stage pressure equalization step
for feeding the gas inside the adsorption tower 1 for the pressure equalizing emission step to the adsorption tower 1 for the
pressure recovery step, and that executes, at a final stage of the unit treatment period, a post-stage pressure equalization
step for feeding the gas inside the adsorption tower 1 for the pressure equalizing emission step to the adsorption tower 1
for the desorption step, the configuration further executing, as the pressure recovery step, a pressurization step for feeding
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and pressurizing a product gas H subsequently to the pre-stage pressure equalization step, with the pressurization step
being executed overlapping the post-stage pressure equalization step.
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DESCRIPTION

PRESSURE SWING ADSORPTION TYPE HYDROGEN
MANUFACTURING APPARATUS

Technical Field
[0001] The present invention relates to a pressure swing adsorption type
hydrogen manufacturing apparatus that includes:

four or five adsorption towers that generate a product gas by
adsorbing, using adsorbents, adsorption target components other than
hydrogen components from a source gas that contains the hydrogen
components; and

a process control unit that controls operation of the adsorption towers
in such a manner that an adsorption process is performed for a unit
processing period in one of the adsorption towers, a pressure-equalization
discharge process is performed for the unit processing period in another of the
adsorption towers in which a process subsequent to the adsorption process is
performed, a desorption process is performed for the unit processing period in
another of the adsorption towers in which a process subsequent to the
pressure-equalization  discharge  process i1s  performed, and a
pressure-restoration process that is a process preceding the adsorption
process is performed for the unit processing period in another of the
adsorption towers in which a process subsequent to the desorption process is
performed,

wherein the pressure swing adsorption type hydrogen manufacturing
apparatus is configured to perform, in an initial stage of the unit processing
period, a prior pressure-equalization process of supplying gas inside the
adsorption tower undergoing the pressure-equalization discharge process to
the adsorption tower undergoing the pressure-restoration process, perform, in
a final stage of the wunit processing period, a subsequent
pressure-equalization process of supplying gas inside the adsorption tower
undergoing the pressure-equalization discharge process to the adsorption
tower undergoing the desorption process, and perform, as the
pressure-restoration process, a pressurization process of introducing the

product gas to perform pressurization, subsequently to the prior
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pressure-equalization process.

Background Art

[0002] Such a pressure swing adsorption type hydrogen manufacturing
apparatus produces a product gas having a high hydrogen concentration by
adsorbing, using adsorbents, adsorption target components other than
hydrogen components from a source gas that contains the hydrogen
components and the adsorption target components other than the hydrogen
components.

A product gas having a high hydrogen component concentration is

produced by separating adsorption target components (carbon monoxide,
methane, etc.) other than the hydrogen components from a source gas that is
a reformed gas supplied from a reformer that reforms town gas, for example.
Some pressure swing adsorption type hydrogen manufacturing apparatus
supply the product gas to a fuel cell and supply off-gas, which is discharged
from an adsorption tower in which the desorption process is performed, to a
combustion device that heats the reformer to burn the off-gas.
[0003] A conventional example of such a pressure swing adsorption type
hydrogen manufacturing apparatus is configured to stop the pressurization
process that is performed subsequently to the prior pressure-equalization
process in the pressure-restoration process, just before the start of the
subsequent pressure-equalization process (see Patent Document 1, for
example).

Prior Art Documents
Patent Documents
[0004] Patent Document 1: JP 2015-38015A

Disclosure of the Invention
Problem to be Solved by the Invention
[0005] It is desirable to improve the product recovery rate of a pressure
swing adsorption type hydrogen manufacturing apparatus in a state where
the purity of the product is kept from being reduced.

That is, although the product recovery rate of a pressure swing
adsorption type hydrogen manufacturing apparatus has been improved by

performing the prior pressure-equalization process and the subsequent
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pressure-equalization process, it 1s desirable to further improve the product
recovery rate in a state where the purity of the product is kept from being
reduced.

[0006] The present invention was made in view of the above circumstances,
and an object of the present invention is to provide a pressure swing
adsorption type hydrogen manufacturing apparatus that, at least in preferred
embodiments can improve the product recovery rate in a state where the
purity of the product is kept from being reduced.

Summary of the Invention
[0007] A pressure swing adsorption type hydrogen manufacturing apparatus
of the present invention includes:

four or five adsorption towers configured to generate a product gas by
adsorbing, using adsorbents, adsorption target components other than
hydrogen components from a source gas that contains the hydrogen
components; and

a process control unit configured to control operation of the
adsorption towers in such a manner that an adsorption process is performed
for a unit processing period in one of the adsorption towers, a
pressure-equalization discharge process is performed for the unit processing
period in another of the adsorption towers in which a process subsequent to
the adsorption process is performed, a desorption process is performed for the
unit processing period in another of the adsorption towers in which a process
subsequent to the pressure-equalization discharge process is performed, and
a pressure-restoration process that is a process preceding the adsorption
process is performed for the unit processing period in another of the
adsorption towers in which a process subsequent to the desorption process is
performed,

wherein the process control unit is configured such that a prior
pressure-equalization process of supplying gas inside the adsorption tower
undergoing the pressure-equalization discharge process to the adsorption
tower undergoing the pressure-restoration process is performed in an initial
stage of the unit processing period, a subsequent pressure-equalization
process of supplying gas inside the adsorption tower undergoing the
pressure-equalization discharge process to the adsorption tower undergoing

the desorption process is performed in a final stage of the unit processing
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period, and a pressurization process of introducing the product gas to perform
pressurization 1is performed, as the pressure-restoration process,
subsequently to the prior pressure-equalization process, and

the pressure swing adsorption type hydrogen manufacturing apparatus has a
characteristic configuration in which the process control unit is configured to
control operation of the adsorption towers in such a manner that the
pressurization process is performed while overlapping with the subsequent
pressure-equalization process, the pressure swing adsorption type hydrogen
manufacturing apparatus further comprising: a pressure-equalization path
for connecting and bringing the four or five adsorption towers into
communication with each other and which is connected to the four or five
adsorption towers, pressure-equalization adjustment valves that adjust speed
of gas flowing through the pressure-equalization path and which are provided
on the pressure-equalization path, so as to correspond to the four or five
adsorption towers, and wherein in the adsorption tower for the
pressure-equalization discharge process, there is a pause between the prior
pressure-equalization process and the subsequent pressure-equalization
process.

[0008] The above-described “initial stage of the unit processing period”
means a period that starts at the beginning of the unit processing period, and
the above-described “final stage of the unit processing period” means a period
that ends at the end of the unit processing period.

If four adsorption towers are provided, a plurality of processes that
correspond to the desorption process are successively performed in one
adsorption tower, if five adsorption towers are provided, a plurality of
processes that correspond to the desorption process are successively
performed in two  adsorption towers, and the subsequent
pressure-equalization process regarding the desorption process is performed
after the plurality of processes corresponding to the desorption process.

Performing the pressurization process so as to overlap with the
subsequent pressure-equalization process means supplying a portion of the
product gas to an adsorption tower to perform pressurization while supplying
gas inside an adsorption tower to another adsorption tower to perform
pressure equalization.

[0009] That is, the process control unit controls operation of the adsorption

towers in such a manner that the pressurization process, which is performed

4
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subsequently to the prior pressure-equalization process in the
pressure-restoration process, is performed while overlapping with the
subsequent pressure-equalization process, and therefore the pressurization
process can be properly performed and, at the same time, the length of the
period for which the prior pressure-equalization process is performed can be
increased as a result of the pressurization process being performed while
overlapping with the subsequent pressure-equalization process.

[0010] An increase in the period of the prior pressure-equalization process
results in an increase in the period for which gas inside the adsorption tower
undergoing the pressure-equalization discharge process is supplied to the
adsorption tower undergoing the pressure-restoration process, and
accordingly, it is possible to reduce the speed at which gas inside the
adsorption tower undergoing the pressure-equalization discharge process is
transferred to the adsorption tower undergoing the pressure-restoration
process and consequently reduce the speed at which the gas inside the
adsorption tower flows therethrough. As a result, adsorption target
components other than hydrogen components, which are adsorbed by
adsorbents filling the adsorption tower undergoing the pressure-equalization
discharge process, can be kept from flowing together with the gas inside the
adsorption tower and moving to the adsorption tower undergoing the
pressure-restoration process.

Thus, the adsorption target components other than the hydrogen
components, which are adsorbed by the adsorbents in the adsorption tower
undergoing the pressure-equalization discharge process, can be kept from
moving to the adsorption tower undergoing the pressure-restoration process,
and therefore the product recovery rate can be improved in a state where the
purity of the product is kept from being reduced.

[0011] In particular, the internal pressure of the adsorption tower
undergoing the pressure-equalization discharge process is high during the
prior pressure-equalization  process. Accordingly, if the prior
pressure-equalization process is performed in a short period, gas inside the
adsorption tower undergoing the pressure-equalization discharge process is
transferred at a high speed to the adsorption tower undergoing the
pressure-restoration process, and the adsorption target components other
than the hydrogen components adsorbed by the adsorbents in the adsorption

tower are likely to move together with the gas to the adsorption tower
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undergoing the pressure-restoration process. However, if the speed at which
gas 1inside the adsorption tower undergoing the pressure-equalization
discharge process is transferred to the adsorption tower undergoing the
pressure-restoration process is reduced by increasing the length of the period
of the prior pressure-equalization process, the purity of the product can be
reliably kept from being reduced.

[0012] Incidentally, in order to transfer gas inside the adsorption tower
undergoing the pressure-equalization discharge process to the adsorption
tower undergoing the pressure-restoration process, that is, in order to
perform the prior pressure-equalization process and the subsequent
pressure-equalization process, a pressure-equalization path that connects the
adsorption towers to each other is provided. Further, in order to reduce the
speed at which gas inside the adsorption tower undergoing the
pressure-equalization discharge process is transferred to the adsorption
tower undergoing the pressure-restoration process, a valve (for example, a
needle valve) for controlling the speed is provided on the
pressure-equalization path.

Accordingly, if the speed at which gas inside the adsorption tower
undergoing the pressure-equalization discharge process is transferred to the
adsorption tower undergoing the pressure-restoration process is reduced in
the prior pressure-equalization process, gas is transferred at a low speed in
the subsequent pressure-equalization process as well, and therefore the
period for which the subsequent pressure-equalization process is performed is
also increased.

[0013] Incidentally, in a configuration in which the pressurization process,
which is performed subsequently to the prior pressure-equalization process in
the pressure-restoration process, is stopped just before the start of the
subsequent pressure-equalization process, as 1s the case with the
conventional example, it is possible to consider reducing the period of the
pressurization process to increase the period of the prior
pressure-equalization process. In this case, however, pressure may fluctuate
at portions of the apparatus as a result of the pressurization process being
performed in a short period, and it may be difficult to properly produce
hydrogen.

[0014] That is, the pressurization process is usually performed by supplying

a portion of a product gas, which is discharged from an adsorption tower

6
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through a product gas feed path, to another adsorption tower. If the
pressurization process is performed in a short period, the pressure inside the
product gas feed path largely fluctuates as a result of a large amount of
product gas being rapidly taken out of the product gas feed path, for example,
and there arise problems such as a large fluctuation in the internal pressure
of the adsorption tower undergoing the adsorption process, and consequently
it may be difficult to properly produce hydrogen.

According to the above-described characteristic configuration, the
pressurization process is performed while overlapping with the subsequent
pressure-equalization process, and therefore the pressurization process can
be properly performed for a required period and the period for which the prior
pressure-equalization process is performed can be increased at the same time.
[0015] That is, according to the characteristic configuration of the pressure
swing adsorption type hydrogen manufacturing apparatus of the present
invention, the product recovery rate can be improved in a state where the
purity of the product is kept from being reduced.

[0016] The pressure swing adsorption type hydrogen manufacturing
apparatus of the present invention has a further characteristic configuration
in which the process control unit is configured to control operation of the
adsorption towers in such a manner that the pressure-restoration process
including the prior pressure-equalization process and the pressurization
process spans the entire unit processing period.

[0017] That is, the process control unit controls operation of the adsorption
towers in such a manner that the pressure-restoration process including the
prior pressure-equalization process and the pressurization process spans the
entire unit processing period, and therefore the pressurization process and
the prior pressure-equalization process can be performed using the entire
unit processing period.

[0018] Accordingly, the product recovery rate can be further improved in a
state where the purity of the product is kept from being reduced, by
sufficiently increasing the length of the period of the prior
pressure-equalization process while properly performing the pressurization
process for a required period, using the entire unit processing period.

[0019] That is, according to the characteristic configuration of the pressure
swing adsorption type hydrogen manufacturing apparatus of the present

invention, the product recovery rate can be further improved in a state where
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the purity of the product is kept from being reduced.

Brief Description of the Drawings
[0020] FIG. 1 is a schematic diagram showing a pressure swing adsorption
type hydrogen manufacturing apparatus.

FIG. 2 is a diagram showing an operation manner in a unit
processing period.

FIG. 3 1s a diagram showing an operation cycle.

FIG. 4 is a schematic diagram showing a pressure swing adsorption
type hydrogen manufacturing apparatus according to another embodiment.

FIG. 5 1s a diagram showing an operation manner in a unit

processing period according to the other embodiment.

Best Mode for Carrying out the Invention

Embodiment

[0021] The following describes an embodiment of the present invention
based on the accompanying drawings.

Overall Configuration

As shown in FIG. 1, towers A, B, C, D, and E are provided in parallel
to each other as five adsorption towers 1, and a source gas supply path 3 for
supplying a source gas G that is compressed by a compressor 2 and off-gas
discharge paths 4 for discharging off-gas are connected to lower portions of
the five adsorption towers 1.

A tank-side off-gas discharge path 4A and a pump-side off-gas

discharge path 4B are provided in parallel to each other as the off-gas
discharge paths 4.
[0022] In this embodiment, a reformed gas that contains a large amount of
hydrogen components is supplied as the source gas G from a reforming unit U
that generates the reformed gas by reforming town gas that contains
hydrocarbons.

The adsorption towers 1 are configured to generate a product gas by
adsorbing, using adsorbents, adsorption target components other than the
hydrogen components from the source gas G containing the hydrogen
components.

That is, the source gas contains methane, carbon dioxide, carbon

monoxide, moisture, and nitrogen as the adsorption target components other

8
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than hydrogen, and methane, carbon dioxide, carbon monoxide, moisture, and
nitrogen are adsorbed by the adsorbents in the adsorption towers 1.

That is, the adsorbents include zeolite that adsorbs carbon monoxide

and nitrogen, a carbon molecular sieve that adsorbs methane and carbon
dioxide, and activated alumina that adsorbs moisture.
[0023] Source gas supply valves A1, B1, C1, D1, and E1 that open and close
the source gas supply path 3, tank-side off-gas discharge valves A5, B5, C5,
D5, and E5 that open and close the tank-side off-gas discharge path 4A, and
pump-side off-gas discharge valves A6, B6, C6, D6, and E6 that open and
close the pump-side off-gas discharge path 4B are provided respectively
corresponding to the five adsorption towers 1.

It should be noted that a main gas valve 3A that is closed when the

operation for producing hydrogen gas is stopped is provided at a location on
the source gas supply path 3 that is downstream of the compressor 2.
[0024] A product gas feed path 5 for feeding a product gas H toward a
product tank HT, a pressurization path 6 that diverges from the product gas
feed path 5 and through which a portion of the product gas H flowing through
the product gas feed path 5 is returned to the adsorption towers 1, and a
pressure-equalization path 7 for connecting and bringing the five adsorption
towers 1 into communication with each other are connected to upper portions
of the five adsorption towers 1.

Further, product gas feed valves A2, B2, C2, D2, and E2 that allow

and block communication with the product gas feed path 5, pressurization
valves A3, B3, C3, D3, and E3 that allow and block communication with the
pressurization path 6, and pressure-equalization adjustment valves A4, B4,
C4, D4, and E4 that allow and block communication with the
pressure-equalization path 7 are provided respectively corresponding to the
five adsorption towers 1.
[0025] The pressurization path 6 is provided with a pressurization
opening/closing valve 6A that opens and closes the pressurization path 6 and
a pressurization adjustment valve 6B that adjusts the flow speed of the
product gas H flowing through the pressurization path 6.

Further, pressure-equalization adjustment valves 7A, 7B, 7C, 7D, and
7E that adjust the speed of gas flowing through the pressure-equalization
path 7 are provided on the pressure-equalization path 7, respectively

corresponding to the five adsorption towers 1.
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[0026] The tank-side off-gas discharge path 4A diverges into a first off-gas
path 4a and a second off-gas path 4b, and the first off-gas path 4a and the
second off-gas path 4b are configured to supply off-gas to a burner 10 for
heating the reforming unit U.

The first off-gas path 4a is provided with a first off-gas tank 9a and a

first off-gas valve 8a that opens and closes the first off-gas path 4a, and the
second off-gas path 4b is provided with a second off-gas tank 9b and a second
off-gas valve 8b that opens and closes the second off-gas path 4b.
[0027] Further, the pump-side off-gas discharge path 4B is provided with a
third off-gas tank 9c and a vacuum pump 11, and off-gas flowing through the
pump-side off-gas discharge path 4B is also supplied to the burner 10 for
heating the reforming unit U, similarly to off-gas flowing through the first
off-gas path 4a and off-gas flowing through the second off-gas path 4b.

Operation Control

[0028] A process control unit P that controls operation of the five adsorption
towers 1 i1s provided, and the process control unit P is configured to control
operation of the five adsorption towers 1 in a state where an adsorption
process, a pressure-equalization discharge process, a desorption process, and
a pressure-restoration process are successively repeated.

[0029] That is, as shown in FIGS. 2 and 3, the process control unit P is
configured to control operation of the five adsorption towers 1 in such a
manner that the adsorption process is performed for a unit processing period
K in one of the adsorption towers 1, the pressure-equalization discharge
process is performed for the unit processing period K in an adsorption tower 1
in which the process subsequent to the adsorption process is performed, the
desorption process is performed for the unit processing period K in an
adsorption tower 1 1in which the process subsequent to the
pressure-equalization  discharge process 1is performed, and the
pressure-restoration process that is the process preceding the adsorption
process is performed for the unit processing period K in an adsorption tower 1
in which the process subsequent to the desorption process is performed.

[0030] Incidentally, five adsorption towers 1 are provided in this embodiment,
and therefore the desorption process includes a desorption process I and a
desorption process II that is performed after the desorption process I.

The five adsorption towers 1 are each configured to successively

10
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perform the adsorption process, the pressure-equalization discharge process,
the desorption process I, the desorption process II, and the
pressure-restoration process while switching to the next process every unit
processing period K.

[0031] Incidentally, the unit processing period K is 70 seconds long and is
constituted by four steps in this embodiment.

In this embodiment, the adsorption process, the pressure-equalization

discharge process, the desorption process (the desorption process I and the
desorption process II), and the pressure-restoration process are successively
repeated with respect to the five adsorption towers 1, and accordingly, an
operation cycle that includes 20 steps, i.e., steps 1 to 20, is executed in five
unit processing periods K as shown in FIG. 3.
[0032] The process control unit P is configured such that pressure
equalization I is performed in an initial stage of the unit processing period K
as a prior pressure-equalization process of supplying gas inside an adsorption
tower 1 undergoing the pressure-equalization discharge process to an
adsorption tower 1 undergoing the pressure-restoration process, and pressure
equalization II is performed in a final stage of the unit processing period K as
a subsequent pressure-equalization process of supplying gas inside the
adsorption tower 1 undergoing the pressure-equalization discharge process to
an adsorption tower 1 undergoing the desorption process (desorption process
ID.

It should be noted that the “initial stage of the unit processing period

K” means a period that starts at the beginning of the unit processing period K,
and the “final stage of the unit processing period K” means a period that ends
at the end of the unit processing period K.
[0033] The process control unit P is also configured such that a
pressurization process of introducing the product gas H to perform
pressurization is performed as the pressure-restoration process subsequently
to the prior pressure-equalization process (pressure equalization I).

Additionally, the process control unit P is configured to control
operation of the adsorption towers 1 in such a manner that the pressurization
process is performed while overlapping with the subsequent
pressure-equalization process (pressure equalization II).

In this embodiment, the process control unit P is configured to control

operation of the adsorption towers 1 in such a manner that the

11
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pressure-restoration process including the prior pressure-equalization process
(pressure equalization I) and the pressurization process spans the entire unit

processing period K.

Details of Operation Manner in Unit Processing Period

[0034] Although the adsorption process, the pressure-equalization discharge
process, the desorption process I, the desorption process II, and the
pressure-restoration process are successively performed in each of the five
adsorption towers 1 as described above, the following describes details of the
operation manner in the unit processing period K based on FIG. 2, using a
representative example in which the adsorption process is performed in the
tower A, the pressure-restoration process is performed in the tower B, the
desorption process II is performed in the tower C, the desorption process I is
performed in the tower D, and the pressure-equalization discharge process is
performed in the tower E.

[0035] That is, the source gas supply valve Al and the product gas feed valve
A2 corresponding to the tower A are opened for the unit processing period K
to perform the adsorption process in the tower A.

In the initial stage of the unit processing period K, the

pressure-equalization adjustment valve B4 corresponding to the tower B and
the pressure-equalization adjustment valve E4 corresponding to the tower E
are opened to perform pressure equalization I (prior discharge process) in
which gas inside the tower E undergoing the pressure-equalization discharge
process 1s supplied to the tower B undergoing the pressure-restoration
process.
[0036] In the final stage of the unit processing period K, the
pressure-equalization adjustment valve C4 corresponding to the tower C and
the pressure-equalization adjustment valve E4 corresponding to the tower E
are opened to perform pressure equalization II (subsequent discharge
process) in which gas inside the tower E undergoing the
pressure-equalization discharge process is supplied to the tower C undergoing
the desorption process II.

That is, gas discharge for pressure equalization I (prior discharge
process) and gas discharge for pressure equalization II (subsequent discharge
process) are performed in the tower E in which the pressure-equalization

discharge process is performed.

12
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Gas discharge for pressure equalization I is performed in steps 1 and

2, gas discharge for pressure equalization II is performed in step 4, and there
is a pause that corresponds to step 3 between gas discharge for pressure
equalization I and gas discharge for pressure equalization II.
[0037] Subsequently to pressure equalization I (prior discharge process), the
pressurization valve B3 corresponding to the tower B and the pressurization
opening/closing valve 6A provided on the pressurization path 6 are opened to
pressurize the tower B until the unit processing period K ends.

That is, gas introduction for pressure equalization I (prior discharge
process) and pressurization are successively performed in the tower B in
which the pressure-restoration process is performed.

Gas introduction for pressure equalization I (prior discharge process)

is performed in steps 1 and 2, and pressurization is subsequently performed
in steps 3 and 4, and accordingly, pressurization is performed while
overlapping with pressure equalization II (subsequent discharge process)
until the unit processing period K ends.
[0038] In the initial stage of the unit processing period K, the tank-side
off-gas discharge valve D5 corresponding to the tower D and the first off-gas
valve 8a are opened to perform depressurization I in which gas inside the
tower D is discharged as off-gas through the first off-gas path 4a to the first
off-gas tank 9a.

Subsequently to depressurization I, the second off-gas valve 8b is

opened instead of the first off-gas valve 8a while keeping the tank-side off-gas
discharge valve D5 open, to perform depressurization II in which gas inside
the tower D is discharged as off-gas through the second off-gas path 4b to the
second off-gas tank 9b.
[0039] Subsequently to depressurization II, the pump-side off-gas discharge
valve D6 is opened instead of the tank-side off-gas discharge valve D5 to
peform vacuum creation in which gas inside the tower D as off-gas is
discharged through the pump-side off-gas discharge path 4B to the third
off-gas tank 9c¢ which has been sucked by the vacuum pump 11.

That is, depressurization I, depressurization II, and vacuum creation
are successively performed in the tower D in which the desorption process I is
performed.

Depressurization I is performed in step 1, depressurization II is

performed in steps 2 and 3, and vacuum creation is performed in step 4.

13

19169283 _1 (GHMatters) P112042.AU



31 Oct 2022

2018236554

10

15

20

25

30

35

GP18-0053

[0040] In the initial stage of the unit processing period K, the pump-side
off-gas discharge valve D6 corresponding to the tower C is opened,to peform
vacuum creation in which gas inside the tower C as off-gas through the
pump-side off-gas discharge path 4B to the third off-gas tank 9c¢ which has
been sucked by the vacuum pump 11.

That 1is, vacuum creation and gas introduction for pressure
equalization II (subsequent discharge process) are successively performed in
the tower C in which the desorption process II is performed.

Vacuum creation is performed in steps 1 to 3 and gas introduction for

pressure equalization II (subsequent discharge process) is performed in step
3.
[0041] It should be noted that the internal pressure of the tower A is about
0.7 MPaG when the adsorption process is performed, and gradually decreases
to a pressure equal to or lower than the atmospheric pressure as gas
discharge for pressure equalization I, gas discharge for pressure equalization
II, depressurization I, depressurization II, and vacuum creation are
performed, as shown in FIG. 3.

The internal pressure of the tower A gradually increases and returns
to about 0.7 MPaG as gas introduction for pressure equalization II, gas

introduction for pressure equalization I, and pressurization are performed.

Another Embodiment

[0042] Next, another embodiment of a method for manufacturing hydrogen
through pressure swing adsorption will be described. In this embodiment,
four adsorption towers 1, i.e., towers A, B, C, and D are provided and washing
is performed instead of vacuum creation performed in the above-described
embodiment, but the basic configuration of this embodiment is similar to that
of the above-described embodiment, and therefore the following describes

differences from the above-described embodiment in detail.

Overall Configuration
[0043] As shown in FIG. 4, in a pressure swing adsorption type hydrogen
manufacturing apparatus according to this embodiment, a single off-gas
discharge path 4 is provided on the lower side of the adsorption towers 1, and
a single off-gas tank 9 is provided on the off-gas discharge path 4.

Source gas supply valves Al, B1, C1, and D1 that open and close a

14
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source gas supply path 3 and off-gas discharge valves A7, B7, C7, and D7 that
open and close the off-gas discharge path 4 are provided respectively
corresponding to the four adsorption towers 1.

[0044] A product gas feed path 5 for feeding a product gas H toward a
product tank HT, a pressurization path 6 that diverges from the product gas
feed path 5 and through which a portion of the product gas H flowing through
the product gas feed path 5 is returned to the adsorption towers 1, and a
pressure-equalization path 7 for connecting and bringing the four adsorption
towers 1 into communication with each other are connected to upper portions
of the four adsorption towers 1.

Further, product gas feed valves A2, B2, C2, and D2 that allow and

block communication with the product gas feed path 5, pressurization valves
A3, B3, C3, and D3 that allow and block communication with the
pressurization path 6, and pressure-equalization adjustment valves A4, B4,
C4, and D4 that allow and block communication with the
pressure-equalization path 7 are provided respectively corresponding to the
four adsorption towers 1.
[0045] The pressurization path 6 is provided with a pressurization
opening/closing valve 6A that opens and closes the pressurization path 6 and
a pressurization adjustment valve 6B that adjusts the flow speed of the
product gas H flowing through the pressurization path 6.

Pressure-equalization adjustment valves 7A, 7B, 7C, and 7D that

adjust the speed of gas flowing through the pressure-equalization path 7 are
provided on the pressure-equalization path 7, respectively corresponding to
the four adsorption towers 1.
[0046] Additionally, a washing path 12 that diverges from the product gas
feed path 5 and through which a portion of the product gas H flowing through
the product gas feed path 5 is introduced into the adsorption towers 1 to
perform washing is provided on the upper side of the four adsorption towers 1,
washing valves A8, B8, C8, and D8 that allow and block communication with
the washing path 12 are provided respectively corresponding to the four
adsorption towers 1, and a washing adjustment valve 12A that adjusts the
flow rate of the product gas H flowing through the washing path 12 is
provided.

Operation Control

15
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[0047] A process control unit P that controls operation of the four adsorption
towers 1 i1s provided, and the process control unit P is configured to control
operation of the four adsorption towers 1 in a state where an adsorption
process, a pressure-equalization discharge process, a desorption process, and
a pressure-restoration process are successively repeated.

[0048] That is, as shown in FIG. 5, the process control unit P is configured to
control operation of the four adsorption towers 1 in such a manner that the
adsorption process is performed for a unit processing period K in one of the
adsorption towers 1, the pressure-equalization discharge process is performed
for the unit processing period K in an adsorption tower 1 in which the process
subsequent to the adsorption process is performed, the desorption process is
performed for the unit processing period K in an adsorption tower 1 in which
the process subsequent to the pressure-equalization discharge process is
performed, and the pressure-restoration process that is the process preceding
the adsorption process is performed for the unit processing period K in an
adsorption tower 1 in which the process subsequent to the desorption process
is performed.

[0049] Incidentally, the unit processing period K is 130 seconds long and is
constituted by four steps in this embodiment.

In this embodiment, the adsorption process, the pressure-equalization

discharge process, the desorption process, and the pressure-restoration
process are successively repeated with respect to the four adsorption towers 1,
and accordingly, an operation cycle that includes 16 steps, i.e., steps 1 to 16, is
executed in four unit processing periods K, although this is not shown.
[0050] That is, although an example is shown in FIG. 3 in which the
adsorption process i1s performed in the tower A, the pressure-equalization
discharge process is performed in the tower D, the desorption process is
performed in the tower C, and the pressure-restoration process is performed
in the tower B for the unit processing period K, the adsorption process, the
pressure-equalization discharge process, the desorption process, and the
pressure-restoration process are successively repeated while switching
adsorption towers 1 in which the respective processes are performed every
unit processing period K.

It should be noted that the period of each step is set to be long
compared to the steps in the above-described embodiment, because the

adsorption towers 1 used in this embodiment are large towers having large
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capacities compared to the adsorption towers 1 used in the above-described
embodiment.

[0051] The process control unit P is configured such that pressure
equalization I is performed in an initial stage of the unit processing period K
as a prior pressure-equalization process of supplying gas inside an adsorption
tower 1 undergoing the pressure-equalization discharge process to an
adsorption tower 1 undergoing the pressure-restoration process, and pressure
equalization II is performed in a final stage of the unit processing period K as
a subsequent pressure-equalization process of supplying gas inside the
adsorption tower 1 undergoing the pressure-equalization discharge process to
an adsorption tower 1 undergoing the desorption process.

It should be noted that the “initial stage of the unit processing period

K” means a period that starts at the beginning of the unit processing period K,
and the “final stage of the unit processing period K” means a period that ends
at the end of the unit processing period K.
[0052] The process control unit P is also configured such that a
pressurization process of introducing the product gas H to perform
pressurization is performed as the pressure-restoration process subsequently
to the prior pressure-equalization process (pressure equalization I).

Additionally, the process control unit P is configured to control
operation of the adsorption towers 1 in such a manner that the pressurization
process is performed while overlapping with the subsequent
pressure-equalization process (pressure equalization II).

In this embodiment, the process control unit P is configured to control
operation of the adsorption towers 1 in such a manner that the
pressure-restoration process including the prior pressure-equalization process
(pressure equalization I) and the pressurization process spans the entire unit
processing period K.

Details of Operation Manner in Unit Processing Period

[0053] Although the adsorption process, the pressure-equalization discharge
process, the desorption process, and the pressure-restoration process are
successively performed in each of the four adsorption towers 1 as described
above, the following describes details of the operation manner in the unit
processing period K based on FIG. 5, using a representative example in which

the adsorption process is performed in the tower A, the pressure-restoration
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process is performed in the tower B, the desorption process is performed in
the tower C, and the pressure-equalization discharge process is performed in
the tower D.

[0054] That is, the source gas supply valve Al and the product gas feed valve
A2 corresponding to the tower A are opened for the unit processing period K
to perform the adsorption process in the tower A.

In the initial stage of the unit processing period K, the

pressure-equalization adjustment valve B4 corresponding to the tower B and
the pressure-equalization adjustment valve D4 corresponding to the tower D
are opened to perform pressure equalization I (prior discharge process) in
which gas inside the tower D undergoing the pressure-equalization discharge
process 1s supplied to the tower B undergoing the pressure-restoration
process.
[0055] In the final stage of the unit processing period K, the
pressure-equalization adjustment valve C4 corresponding to the tower C and
the pressure-equalization adjustment valve D4 corresponding to the tower D
are opened to perform pressure equalization II (subsequent discharge
process) in which gas inside the tower D undergoing the
pressure-equalization discharge process is supplied to the tower C undergoing
the desorption process.

That is, gas discharge for pressure equalization I (prior discharge
process) and gas discharge for pressure equalization II (subsequent discharge
process) are performed in the tower D in which the pressure-equalization
discharge process is performed.

Gas discharge for pressure equalization I is performed in steps 1 and

2, gas discharge for pressure equalization II is performed in step 4, and there
is a pause that corresponds to step 3 between gas discharge for pressure
equalization I and gas discharge for pressure equalization II.
[0056] Subsequently to pressure equalization I (prior discharge process), the
pressurization valve B3 corresponding to the tower B and the pressurization
opening/closing valve 6A provided on the pressurization path 6 are opened to
pressurize the tower B until the unit processing period K ends.

That is, gas introduction for pressure equalization I (prior discharge
process) and pressurization are successively performed in the tower B in
which the pressure-restoration process is performed.

Gas introduction for pressure equalization I (prior discharge process)
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is performed in steps 1 and 2, and pressurization is subsequently performed
in steps 3 and 4, and accordingly, pressurization is performed while
overlapping with pressure equalization II (subsequent discharge process)
until the unit processing period K ends.

[0057] In the initial stage of the unit processing period K, the off-gas
discharge valve C7 corresponding to the tower C is opened to perform
depressurization in which gas inside the tower C is discharged as off-gas
through the off-gas discharge path 4 to the off-gas tank 9.

Subsequently to depressurization, the washing valve C8
corresponding to the tower C is opened while keeping the off-gas discharge
valve C7 open, to perform washing by introducing the product gas H, which
serves as a washing gas, from the washing path 12 to flow inside the tower C.
It should be noted that the washing gas used for the washing is discharged
through the off-gas discharge path 4 to the off-gas tank 9.

[0058] That is, depressurization, washing, and gas introduction for pressure
equalization II (subsequent discharge process) are successively performed in
the tower C in which the desorption process is performed.

Depressurization is performed in step 1, washing is performed in
steps 2 and 3, and gas introduction for pressure equalization II (subsequent

discharge process) is performed in step 4.

Other Embodiments
[0059] Other embodiments are listed below.

(1) Although an example is described in the above-described
embodiment and other embodiment in which the process control unit P
controls operation of the adsorption towers 1 in such a manner that the
pressure-restoration process including the prior pressure-equalization process
(pressure equalization I) and the pressurization process spans the entire unit
processing period K, the present invention may also be carried out in a state
where the pressurization process is performed while overlapping with the
subsequent pressure-equalization process (pressure equalization II) and is
ended before the unit processing period K ends.

[0060] (2) Although an example is described in the above-described
embodiment and other embodiment in which the source gas contains
methane, carbon dioxide, carbon monoxide, and nitrogen as the adsorption

target components other than hydrogen and hydrogen gas, various gases that
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contain hydrogen and adsorption target components other than hydrogen
components can be used as the source gas in the pressure swing adsorption
type hydrogen manufacturing apparatus of the present invention.

[0061] (3) Although an example is described in the above-described
embodiment in which vacuum creation is performed in the desorption process
in a case where five adsorption towers 1 are provided and an example is
described in the above-described other embodiment in which washing is
performed in the desorption process in a case where four adsorption towers 1
are provided, washing may be performed in the desorption process in a case
where five adsorption towers 1 are provided, and vacuum creation may be
performed in the desorption process in a case where four adsorption towers 1
are provided.

[0062] It should be noted that the configurations disclosed in the
above-described embodiments (including the other embodiments, the same
applies below) can be applied in combination with configurations disclosed in
other embodiments so long as no contradiction is incurred, the embodiments
disclosed in the present specification are mere examples, and embodiments of
the present invention are not limited to those disclosed in the present
specification and can be modified as appropriate without departing from the

object of the present invention.

Description of Reference Signs
[0063] 1: Adsorption tower

K: Unit processing period

P: Process control unit
[0064] It is to be understood that any reference herein to a prior art
publication does not constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia or any other

country.

[0065] In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express
language or necessary implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense, 1.e. to specify the
presence of the stated features but not to preclude the presence or addition of

further features in various embodiments of the invention.
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CLAIMS

1. A pressure swing adsorption type hydrogen manufacturing apparatus
comprising:

four or five adsorption towers configured to generate a product gas by
adsorbing, using adsorbents, adsorption target components other than
hydrogen components from a source gas that contains the hydrogen
components; and

a process control unit configured to control operation of the
adsorption towers in such a manner that an adsorption process is performed
for a unit processing period in one of the adsorption towers, a
pressure-equalization discharge process is performed for the unit processing
period in another of the adsorption towers in which a process subsequent to
the adsorption process is performed, a desorption process is performed for the
unit processing period in another of the adsorption towers in which a process
subsequent to the pressure-equalization discharge process is performed, and
a pressure-restoration process that is a process preceding the adsorption
process is performed for the unit processing period in another of the
adsorption towers in which a process subsequent to the desorption process is
performed,

wherein the process control unit is configured such that a prior
pressure-equalization process of supplying gas inside the adsorption tower
undergoing the pressure-equalization discharge process to the adsorption
tower undergoing the pressure-restoration process is performed in an initial
stage of the unit processing period, a subsequent pressure-equalization
process of supplying gas inside the adsorption tower undergoing the
pressure-equalization discharge process to the adsorption tower undergoing
the desorption process is performed in a final stage of the unit processing
period, and a pressurization process of introducing the product gas to perform
pressurization 1is performed, as the pressure-restoration process,
subsequently to the prior pressure-equalization process, and

the process control unit is configured to control operation of the
adsorption towers in such a manner that the pressurization process is
performed while overlapping with the subsequent pressure-equalization
process, the pressure swing adsorption type hydrogen manufacturing
apparatus further comprising:
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a pressure-equalization path for connecting and bringing the four or
five adsorption towers into communication with each other and which is
connected to the four or five adsorption towers,

pressure-equalization adjustment valves that adjust speed of gas
flowing through the pressure-equalization path and which are provided on
the pressure-equalization path, so as to correspond to the four or five
adsorption towers, and wherein

in the adsorption tower for the pressure-equalization discharge
process, there is a pause between the prior pressure-equalization process and
the subsequent pressure-equalization process.

2. The pressure swing adsorption type hydrogen manufacturing
apparatus according to claim 1,

wherein the process control unit is configured to control operation of
the adsorption towers in such a manner that the pressure-restoration process
including the prior pressure-equalization process and the pressurization

process spans the entire unit processing period.
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