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Pressure swing adsorption device and rotary valve thereof 

 

Technical field 

The invention relates to the technical field of pressure swing adsorption 

separation, in particular to a pressure swing adsorption device and a rotary 5 

valve thereof. 

 

Background 

With the increasing demand for hydrogen energy source, more 

requirements are placed on hydrogen purification technology. The 10 

traditional pressure swing adsorption technology is limited by the limitation 

of the program-controlled valve groups, and there are shortcomings such as 

a long adsorption cycle (generally 10 minutes for one adsorption, pressure 

equalization, desorption, pressurization cycle), and large footprint. 

Especially in the case of miniaturized hydrogen supply, such as hydrogen 15 

refueling stations, higher requirements are placed on the integration of 

hydrogen purification devices. 

Patent document CN101139088A proposes a design concept of a rotary 

molecular sieve miniature pressure swing adsorption oxygen generator. 

However, this solution requires rotation of a tower filled with molecular 20 

sieves, which limits the scaling-up and operational flexibility of the device. 

In fact, it can be found through analysis that the rotating structure proposed 

in this patent document cannot realize the pressure swing adsorption process. 

Patent document CN101446361A discloses a rotary valve having a 

rotor and a stator, the rotary valve utilizes at least one compression spring 25 

to provide contact between the rotor and the stator. The spring is configured 

to resist the pressure that separates the rotor and stator and reduces the 

amount of torque required to rotate the rotor within the valve while 

preventing leakage between the rotor and stator. Although using the rotary 

valve as a rotating part does not require the rotation of the adsorption tower, 30 

it is generally only used for non-long-term projects because maintenance 

and replacement require shutdown operations. 
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In long-term projects, on the one hand, the long-time operation of the 

rotating parts will cause wear, causing gas leakage problems, at this time, it 

is often necessary to shutdown for replacement; on the other hand, crude gas 

may fluctuate, when heavy components of crude gas increase, it is necessary 

to add an internal gas purge step or even a product gas purge step in order 5 

to achieve complete desorption of an adsorbent bed. When component of the 

crude gas is good, there is no need to add an auxiliary regeneration step. The 

pressure swing adsorption device using a rotary valve in the prior art has 

problems such as poor crude gas adaptability and limited process adjustment 

range, so it is difficult to apply to long-term projects. 10 

The information disclosed in this Background section is only for 

enhancing understanding of the general background of the present invention 

and should not be taken as an acknowledgment or implication in any form 

that the information constitutes the prior art that is well known to those 

skilled in the art. 15 

 

Summary 

One of the objectives of the present invention is to provide a pressure 

swing adsorption device and a rotary valve thereof, so as to improve the 

problems such as lack of operational flexibility and inability to adapt to 20 

crude gas fluctuations, etc., in the prior art rotary valve and pressure swing 

adsorption device. 

Another object of the present invention is to provide a pressure swing 

adsorption device and a rotary valve thereof, so as to improve the problems 

such as inconvenience of maintenance and replacement of the rotary valve 25 

and being not suitable for long-term projects in the prior art, etc. 

To achieve the above objects, according to a first aspect of the present 

invention, the present invention provides a rotary valve, comprising:  

a valve body provided with a first group of flow channels, a second 

group of flow channels and a third group of flow channels, ports of the first 30 

group of flow channels, the second group of flow channels and the third 

group of flow channels are disposed on a surface of the valve body; and 
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a valve sleeve sleeved coaxially hermetically outside the valve body, 

and the valve sleeve is evenly opened with a plurality of through-holes, and 

an inner end of each through-hole is provided with a vertical groove 

extending up and down along an inner wall of the valve sleeve, the vertical 

groove is divided into three sections along the vertical direction, which 5 

communicate with the ports of the first group of flow channels, the second 

group of flow channels and the third group of flow channels, respectively, 

the first group of flow channels are in a working state, a switching valve is 

provided at the through-hole, and the switching valve switches one group of 

the second group of flow channels and the third group of flow channels into 10 

the working state, 

the valve body rotates around a rotation axis relative to the valve sleeve, 

so that the plurality of through-holes communicate with the ports of the one 

group of the second group of flow channels and the third group of flow 

channels that is in the working state and the first group of flow channels by 15 

means of a predetermined combination to achieve different process 

sequences, and each through-hole at most communicates with ports of the 

first group of flow channels, one group of the second group of flow channels 

or the third group of flow channels. 

Preferably, the second group of flow channels includes a plurality of 20 

flow channels, and the third group of flow channels includes a plurality of 

flow channels. 

Preferably, the valve body is composed of at least two valve blocks, the 

at least two valve blocks are detachably connected, and the second group of 

flow channels and the third group of flow channels are arranged in different 25 

valve blocks. 

Preferably, the second group of flow channels and the third group of 

flow channels correspond to the same or different process sequences. 

Preferably, one port of the first group of flow channels is located at the 

center of the top surface of the valve body, and the other port of the first 30 

group of flow channels is located on the sidewall of the valve body and is 

provided with an arc-shaped groove extending horizontally along the outer 
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sidewall of the valve body. 

According to a second aspect of the present invention, the present 

invention provides a pressure swing adsorption device, comprising:  

a crude gas valve which is the rotary valve according to claim 1, ports 

of the crude gas valve include a feed port arranged at the center of the top 5 

surface and a discharge port arranged at the center of the bottom surface; 

a product gas valve which is the rotary valve according to claim 1, ports 

of the product gas valve include a product gas port that is arranged at the 

center of top surface, and a valve body of the product gas valve and a valve 

body of the crude gas valve rotate synchronously according to a 10 

predetermined sequence; and 

a plurality of adsorption towers with bottom gas pipes and top gas pipes, 

the bottom gas pipes communicate respectively with through-holes of the 

crude gas valve, and the top gas pipes communicate respectively with 

through-holes of the product gas valve. 15 

Preferably, the first group of flow channels of the product gas valve is 

a product gas channel, one port of which is the product gas port, and the 

other port is located on the sidewall of the valve body of the product gas 

valve and is provided with a first arc-shaped groove extending horizontally 

along the outer sidewall of the valve body of the product gas valve, the first 20 

arc-shaped groove is used to guide the product gas of corresponding 

adsorption tower to flow between the product gas port and the through-hole 

aligned with the first arc-shaped groove; 

the second group of flow channels of the product gas valve are first 

pressure equalization channels, both ports of which are arranged on the 25 

sidewall of the valve body of the product gas valve, and the first pressure 

equalization channels are used to guide the product gas to flow between two 

through-holes aligned with the two ports of the first pressure equalization 

channels; and 

the third group of flow channels of the product gas valve are second 30 

pressure equalization channels, both ports of which are arranged on the 

sidewall of the valve body of the product gas valve, and the second pressure 
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equalization channels are used to guide the product gas to flow between two 

through-holes aligned with the two ports of the second pressure equalization 

channels. 

Preferably, the number of the first pressure equalization channels is 2 

to 10, and the angle between adjacent first pressure equalization channels is 5 

10° to 45°; the number of the second pressure equalization channels is 2 to 

10, the angle between the adjacent second pressure equalization channels is 

10° to 45°; the arrangement of the first pressure equalization channels is the 

same as or different from the arrangement of the second pressure 

equalization channels. 10 

Preferably, the valve body of the product gas valve is composed of an 

upper valve block, a middle valve block and a lower valve block, the product 

gas channel is arranged in the middle valve block and passes through the 

upper valve block, the first pressure equalization channels and the second 

pressure equalization channels are respectively arranged in the upper valve 15 

block and the lower valve block, and the upper valve block and the lower 

valve block are detachably connected with the middle valve block. 

Preferably, the first group of flow channels of the crude gas valve is a 

crude gas channel, one port of which is the feed port, and the other port is 

located on the sidewall of the valve body and is provided with a second arc-20 

shaped groove extending horizontally along the outer sidewall of the valve 

body of the crude gas valve, the second arc-shaped groove is used to guide 

the feed gas flow into the through-hole aligned with the second arc-shaped 

groove, the second arc-shaped groove has the same radian as the first arc-

shaped groove and is vertically opposite to the first arc-shaped groove; 25 

the second group of flow channels of the crude gas valve is a first 

exhaust channel, one port of which is the discharge port, and the other port 

is a first exhaust gas inlet located on the sidewall of the valve body of the 

crude gas valve, the first exhaust channel is used to guide exhaust gas from 

the through-hole aligned with the first exhaust gas inlet to the discharge port; 30 

and 

the third group of flow channels of the crude gas valve is a second 
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exhaust channel, which forms an F-shape with the first exhaust channel, one 

port of the second exhaust channel is the discharge port, and the other port 

is a second exhaust gas inlet located on the sidewall of the valve body of the 

crude gas valve, and the second exhaust channel is used to guide the exhaust 

gas from the through-hole aligned with the second exhaust gas inlet to the 5 

discharge port. 

Preferably, the first exhaust gas inlet and/or the second exhaust gas 

inlet are provided with a third arc-shaped groove extending horizontally 

along the outer sidewall of the valve body of the crude gas valve, and the 

third arc-shaped groove is used to guide the exhaust gas from the through-10 

hole aligned with the third arc-shaped groove to discharge port. 

Preferably, the radians of the first arc-shaped groove and the second 

arc-shaped groove are π/6˜5π/6. 

Preferably, the number of the adsorption towers is greater than or equal 

to 4. 15 

Preferably, the predetermined sequence is a process sequence of 

pressure swing adsorption. 

Preferably, the valve body of the product gas valve and the valve body 

of the crude gas valve rotate at a constant speed or a stepped speed. 

According to a third aspect of the present invention, the present 20 

invention provides a method for recovering component with weaker 

adsorbability from a gas mixture using the pressure swing adsorption device 

described above, the plurality of adsorption towers comprising a first 

adsorption tower, a second adsorption tower, a third adsorption tower and a 

fourth adsorption tower, the method can be selectively operated in one of a 25 

first process sequence and a second process sequence. 

Preferably, the first process sequence includes the following sequences: 

Sequence 1: the first adsorption tower is in an adsorption step, the 

second adsorption tower is in a first pressurization step, the third adsorption 

tower is in a reverse-discharge regeneration step, and the fourth adsorption 30 

tower is in a first depressurization step; 

Sequence 2: the first adsorption tower is in the adsorption step, the 
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second adsorption tower is in a cut-out state without performing any 

operation, the third adsorption tower is in a purge regeneration step, and the 

fourth adsorption tower is in a purge step; 

Sequence 3: the first adsorption tower is in an adsorption + 

pressurization step, the second adsorption tower is in an adsorption-ready 5 

pressurization step, the third adsorption tower is in a second pressurization 

step, and the fourth adsorption tower is in a second depressurization step; 

Sequence 4: the first adsorption tower is in the first depressurization 

step, the second adsorption tower is in the adsorption step, the third 

adsorption tower is in the first pressurization step, and the fourth adsorption 10 

tower is in the reverse-discharge regeneration step; 

Sequence 5: the second adsorption tower is in the adsorption step, the 

third adsorption tower is in the cut-out state without performing any 

operation, the fourth adsorption tower is in the purge regeneration step, and 

the first adsorption tower is in the purge step; 15 

Sequence 6: the first adsorption tower is in the second depressurization 

step, the second adsorption tower is in the adsorption + pressurization step, 

the third adsorption tower is in the adsorption-ready pressurization step, and 

the fourth adsorption tower is in the second pressurization step; 

Sequence 7: the first adsorption tower is in the reverse-discharge 20 

regeneration step, the second adsorption tower is in the first depressurization 

step, the third adsorption tower is in the adsorption step, and the fourth 

adsorption tower is in the first pressurization step; 

Sequence 8: the third adsorption tower is in the adsorption step, the 

fourth adsorption tower is in the cut-out state without performing any 25 

operation, the first adsorption tower is in the purge regeneration step, and 

the second adsorption tower is in the purge step; 

Sequence 9: the first adsorption tower is in the second pressurization 

step, the second adsorption tower is in the second depressurization step, the 

third adsorption tower is in the adsorption + pressurization step, and the 30 

fourth adsorption tower is in the adsorption-ready pressurization step; 

Sequence 10: the first adsorption tower is in the first pressurization step, 
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the second adsorption tower is in the reverse-discharge regeneration step, 

the third adsorption tower is in the first depressurization step, and the fourth 

adsorption tower is in the adsorption step; 

Sequence 11: the fourth adsorption tower is in the adsorption step, the 

first adsorption tower is in the cut-out state without performing any 5 

operation, the second adsorption tower is in the purge regeneration step, and 

the third adsorption tower is in the purge step; 

Sequence 12: the first adsorption tower is in the adsorption-ready 

pressurization step, the second adsorption tower is in the second 

pressurization step, the third adsorption tower is in the second 10 

depressurization step, and the fourth adsorption tower is in the adsorption + 

pressurization step. 

Preferably, the second process sequence includes the following 

sequences: 

Sequence 1: the first adsorption tower is in an adsorption step, the 15 

second adsorption tower is in a first pressurization step, the third adsorption 

tower is in a reverse-discharge regeneration step, and the fourth adsorption 

tower is in a first depressurization step; 

Sequence 2: the first adsorption tower is in the adsorption step, the 

second adsorption tower, the third adsorption tower and the fourth 20 

adsorption tower are all in a cut-out state without performing any operation; 

Sequence 3: the first adsorption tower is in an adsorption + 

pressurization step, the second adsorption tower is in an adsorption-ready 

pressurization step, the third adsorption tower is in a second pressurization 

step, and the fourth adsorption tower is in a second depressurization step; 25 

Sequence 4: the first adsorption tower is in the first depressurization 

step, the second adsorption tower is in the adsorption step, the third 

adsorption tower is in the first pressurization step, and the fourth adsorption 

tower is in a reverse-discharge regeneration step; 

Sequence 5: the second adsorption tower is in the adsorption step, the 30 

first adsorption tower, the third adsorption tower and the fourth adsorption 

tower are all in the cut-out state without performing any operation; 
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Sequence 6: the first adsorption tower is in the second depressurization 

step, the second adsorption tower is in the adsorption + pressurization step, 

the third adsorption tower is in the adsorption-ready pressurization step, and 

the fourth adsorption tower is in the second pressurization step; 

Sequence 7: the first adsorption tower is in the reverse-discharge 5 

regeneration step, the second adsorption tower is in the first depressurization 

step, the third adsorption tower is in the adsorption step, and the fourth 

adsorption tower is in the first pressurization step; 

Sequence 8: the third adsorption tower is in the adsorption step, the 

first adsorption tower, the second adsorption tower and the fourth adsorption 10 

tower are all in the cut-out state without performing any operation; 

Sequence 9: the first adsorption tower is in the second pressurization 

step, the second adsorption tower is in the second depressurization step, the 

third adsorption tower is in the adsorption + pressurization step, and the 

fourth adsorption tower is in the adsorption-ready pressurization step; 15 

Sequence 10: the first adsorption tower is in the first pressurization step, 

the second adsorption tower is in the reverse-discharge regeneration step, 

the third adsorption tower is in the first depressurization step, and the fourth 

adsorption tower is in the adsorption step; 

Sequence 11: the fourth adsorption tower is in the adsorption step, the 20 

first adsorption tower, the second adsorption tower and the third adsorption 

tower are all in the cut-out state without performing any operation; 

Sequence 12: the first adsorption tower is in the adsorption-ready 

pressurization step, the second adsorption tower is in the second 

pressurization step, the third adsorption tower is in the second 25 

depressurization step, and the fourth adsorption tower is in the adsorption + 

pressurization step. 

Compared with the prior art, the present invention has one or more of 

the following beneficial effects: 

1. The present invention can switch the working state of the groups of 30 

flow channels by matching the valve body of the rotary valve with the valve 

sleeve structure design and the flow channel layout, thereby realizing the 



- 10- 

online switching of different sequence processes and meeting the demand 

for improving process conditions due to on-site crude gas fluctuations, 

which improves the flexibility of production; it can also switch to other 

groups of flow channels in time when a group of flow channels are worn out, 

so as to prolong the service life of the device. 5 

2. Through matching the split design of the rotary valve with the layout 

of the groups of flow channels that can switch the working state, the online 

replacement and maintenance of the valve block (and the corresponding 

groups of flow channels) can be realized, which ensures the online operation 

rate of the rotary valve and improves the production efficiency, and is 10 

especially suitable for long-term projects. 

3. The pressure swing adsorption device of the present invention adopts 

a highly integrated rotary valve design instead of a plurality of program-

controlled valve groups of conventional pressure swing adsorption, which 

can realize a pressure swing adsorption process with an adsorption cycle of 15 

10 seconds to 10 minutes, thereby saving material consumption; at the same 

time, in the pressure swing adsorption device of the present invention, only 

the valve body of the rotary valve is a rotating part, and the adsorption tower 

and other pipes are arranged stationary, which further solves the problem of 

device integration. 20 

The above description is only an overview of the technical solution of 

the present invention. In order to better understand the technical means of 

the present invention and implement it according to the contents of the 

description, and to make the above and other objects, technical features and 

advantages of the present invention more understandable, one or more 25 

preferred embodiments are listed below, and detailed descriptions are given 

below with reference to the accompanying drawings. 

 

Description of drawings 

Fig.1 is a cross-sectional structure schematic diagram of a pressure 30 

swing adsorption device according to the present invention. 

Fig.2 is a schematic diagram of flow channel arrangement of the valve 
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body of the product gas valve in the first process sequence according to one 

embodiment of the present invention. 

Fig.3 is a schematic diagram of flow channel arrangement of the valve 

body of the product gas valve in the second process sequence according to 

one embodiment of the present invention. 5 

Fig.4 is a schematic diagram of flow channel arrangement of the valve 

body of the crude gas valve in the first process sequence according to one 

embodiment of the present invention. 

Fig.5 is a schematic diagram of flow channel arrangement of the valve 

body of the crude gas valve in the second process sequence according to one 10 

embodiment of the present invention. 

Fig.6 is a schematic diagram of the working process of the pressure 

swing adsorption device according to one embodiment of the present 

invention, wherein the pressure swing adsorption device is switched to the 

first process sequence, and structures of the valve sleeve of the product gas 15 

valve and the crude gas valve are not shown. 

Fig.7 is a schematic diagram of the working process of the pressure 

swing adsorption device according to one embodiment of the present 

invention, wherein the pressure swing adsorption device is switched to the 

second process sequence, and structures of the valve sleeve of the product 20 

gas valve and the crude gas valve are not shown. 

Fig.8 is a schematic perspective view of a pressure swing adsorption 

device according to one embodiment of the present invention. 

description of main reference numbers: 

10, 20, 30, 40 - adsorption tower,  25 

11, 21, 31, 41 - bottom gas pipe,  

12, 22, 32, 42 - top gas pipe,  

50 - product gas valve,  

51 - valve body,  

511 - upper valve block,  30 

512-middle valve block,  

513-lower valve block,  
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52-valve sleeve,  

520-through-hole,  

521-vertical groove,  

522-switching valve,  

531-product gas channel,  5 

5311-product gas port,  

5312-port,  

5313-first arc-shaped groove,  

541, 542, 543-first pressure equalization channels,  

551, 552-second pressure equalization channels,  10 

60-crude gas valve,  

61-valve body,  

62-valve sleeve,  

620-through-holee,  

621-vertical groove,  15 

622-switching valve,  

631-crude gas channel,  

6311-feed port,  

6312-port,  

6313-second arc-shaped groove,  20 

641-first exhaust channel,  

6411-discharge port,  

6412-first exhaust gas inlet,  

6413-third arc-shaped groove,  

642-second exhaust channel,  25 

6422-second exhaust gas inlet,  

70-product collection pipe,  

80-crude gas supply pipe, 

90-exhaust gas collection pipe. 

 30 

Detailed description of embodiments 

Specific embodiments of the present invention will be described in 
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detail below in conjunction with the accompanying drawings, but it should 

be understood that the protection scope of the present invention is not 

limited by the specific embodiments. 

Unless expressly stated otherwise, throughout the specification and 

claims, the term "comprise" or variations thereof such as "includes" or 5 

"including" and the like will be understood to include the stated elements or 

constituent parts, but not exclude other elements or other constituent parts. 

Herein, for the convenience of description, spatially relative terms, 

such as "below", "beneath", "lower", "on", "above", "upper", etc., may be 

used to describe the relationship between one element or feature and another 10 

element or feature in the drawings. It should be understood that the spatially 

relative terms are intended to encompass different orientations of the item 

in use or operation in addition to the orientation depicted in the figures. For 

example, if an item in the figures is turned over, elements described as 

"below" or "beneath" other elements or features would then be oriented 15 

"above" the elements or features. Thus, the exemplary term "below" can 

encompass both an orientation of below and above. Items may be otherwise 

oriented (rotated 90 degrees or otherwise) and the spatially relative terms 

used herein should be interpreted accordingly. 

Herein, the terms "first", "second", etc., are used to distinguish two 20 

different elements or parts, and are not used to limit specific positions or 

relative relationships. In other words, in some embodiments, the terms 

"first", "second", etc., may also be interchanged with each other. 

Fig.1 shows a pressure swing adsorption device according to the 

present invention, which includes a product gas valve 50 and a crude gas 25 

valve 60, a valve body 51 of the product gas valve 50 and a valve body 61 

of the crude gas valve 60 are coaxially, synchronously rotated according to 

a predetermined sequence. The pressure swing adsorption device of this 

embodiment is provided with four adsorption towers 10, 20, 30 and 40. 

Correspondingly, the product gas valve 50 and the crude gas valve 60 each 30 

have four through-holes. It should be understood that the pressure swing 

adsorption device can be provided with any number of adsorption towers, as 
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long as the number of adsorption towers corresponds to the number of 

through-holes of the product gas valve 50 and the crude gas valve 60, 

without departing from the scope of the present invention. 

Embodiment 1 

As shown in Figs.1-3, the product gas valve 50 is a rotary valve 5 

according to Embodiment 1 of the present invention, and the product gas 

valve 50 includes a valve body 51 and a valve sleeve 52. The valve body 51 

is housed in the inner cavity of the valve sleeve 52. The valve body 51 is a 

cylindrical structure, and the valve body 51 is provided with three groups of 

flow channels therein: a first group of flow channels, a second group of flow 10 

channels and a third group of flow channels. Ports of the first group of flow 

channels, the second group of flow channels and the third group of flow 

channels are arranged on the surface of the valve body 51. The valve sleeve 

52 is sleeved coaxially hermetically outside the valve body 51. The valve 

sleeve 52 is evenly opened with a plurality of through-holes 520. The inner 15 

end of each through-hole 520 is provided with a vertical groove 521 

extending up and down along the inner wall of the valve sleeve. The vertical 

groove 521 is divided into three sections along the vertical direction, 

corresponding to the ports of the first group of flow channels, the second 

group of flow channels and the third group of flow channels, respectively. 20 

It should be understood that the valve body 51 and the internal cavity of the 

valve sleeve 52 may be columnar shaped with an oval cross section, conical 

shaped, or any other shape with a circular cross section perpendicular to the 

rotation axis of the rotary valve. A seal is housed between the valve body 51 

and the inner cavity of the valve sleeve 52, such as a packing, an O-ring, a 25 

gasket, or other elastomeric material (not shown) suitable for preventing gas 

from flowing between the valve body 51 and the valve sleeve 52. The 

packing, O-ring, gasket or other elastomeric material should have a low 

coefficient of friction to allow hermetically sliding contact between this 

material and the outer surface of the valve body 51 and/or the inner surface 30 

of the inner cavity of the valve sleeve 52. 

A switching valve 522 is provided at the through-hole 520, and the 
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switching valve 522 switches one group of the second group of flow 

channels and the third group of flow channels into a working state. The valve 

body 51 can rotate around the axis relative to the valve sleeve 52, so that the 

plurality of through-holes 520 communicate with the ports of the one group 

of the second group of flow channels and the third group of flow channels 5 

that is in the working state by means of a combination to change the process 

operation mode. Each through-hole 520 at most communicates with one port 

of the valve body 51.  

The three groups of flow channels of the product gas valve 50 include 

one normally open channel group (the first group of flow channels) and two 10 

switching channel groups (the second group of flow channels and the third 

group of flow channels). The first group of flow channels includes a product 

gas channel 531. The two ports of the product gas channel 531 are 

respectively a product gas port 5311 located at the center of the top surface 

of the valve body 51 and a port 5312 located on the sidewall of the valve 15 

body 51. The port 5312 is provided with a first arc-shaped groove 5313 

which extends horizontally along the outer sidewall of the valve body. 

Wherein the second group of flow channels includes three first pressure 

equalization channels 541, 542 and 543, and the ports of the first pressure 

equalization channels 541, 542 and 543 are all arranged on the sidewall of 20 

the valve body 51; the third group of flow channels includes two second 

pressure equalization channels 551 and 552, and the ports of the second 

pressure equalization channels 551 and 552 are all arranged on the sidewall 

of the valve body 51. In this embodiment, the process sequences 

corresponding to the two switching groups of flow channels are different. It 25 

should be understood that the present invention is not limited to the 

disclosed specific groups of flow channels. Those skilled in the art can select 

any suitable number and structure of groups of flow channels as needed. 

In this embodiment, the valve body 51 is composed of an upper valve 

block 511, a middle valve block 512 and a lower valve block 513. The 30 

product gas channel 531 is arranged in the middle valve block 512 and 

passes upwards through the upper valve block 511. The first pressure 
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equalization channels 541, 542 and 543 are arranged in the upper valve 

block 511, and the second pressure equalization channels 551 and 552 are 

arranged in the lower valve block 513. Both the upper valve block 511 and 

the lower valve block 513 are detachable. After the switching valve 522 is 

switched to where the middle valve block 512 and the third group of flow 5 

channels in the lower valve block 513 are in the working state, the upper 

valve block 511 can be disassembled; after the switching valve 522 is 

switched to the second group of flow channels in the upper valve block 511 

and the middle valve block 512 are in the working state, the lower valve 

block 513 can be disassembled. Regardless whether the upper valve block 10 

511 or the lower valve block 513 is disassembled, the product gas channel 

531 can maintain in the working state, so there is no need to shutdown. 

Embodiment 2 

As shown in Figs.1, 4 and 5, the crude gas valve 60 is a rotary valve 

according to Embodiment 2 of the present invention, and the crude gas valve 15 

60 includes a valve body 61 and a valve sleeve 62. The valve body 61 is 

housed in the inner cavity of the valve sleeve 62. The valve body 61 is a 

cylindrical structure, and the valve body 61 is provided with three groups of 

flow channels therein: a first group of flow channels, a second group of flow 

channels and a third group of flow channels. Ports of the first group of flow 20 

channels, the second group of flow channels and the third group of flow 

channels are arranged on the surface of the valve body 61. The valve sleeve 

62 is sleeved coaxially hermetically outside the valve body 61. The valve 

sleeve 62 is evenly opened with a plurality of through-holes 620. The inner 

end of each through-hole 620 is provided with a vertical groove 621 25 

extending up and down along the inner wall of the valve sleeve. The vertical 

groove 621 is divided into three sections along the vertical direction, 

corresponding to the ports of the first group of flow channels, the second 

group of flow channels and the third group of flow channels, respectively. 

It should be understood that the valve body 61 and the internal cavity of the 30 

valve sleeve 62 may be columnar shaped with an oval cross section, conical 

shaped, or any other shape with a circular cross section perpendicular to the 
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rotation axis of the rotary valve. A seal is housed between the valve body 61 

and the interior cavity of the valve sleeve 62, such as a packing, O-ring, 

gasket, or other elastomeric material (not shown) suitable to prevent gas 

from flowing between the valve body 61 and the valve sleeve 62. The 

packing, O-ring, gasket or other elastomeric material should have a low 5 

coefficient of friction to allow hermetically sliding contact between this 

material and the outer surface of the valve body 61 and/or the inner surface 

of the inner cavity of the valve sleeve 62. 

A switching valve 622 is provided at the through-hole 620, and the 

switching valve 622 switches one group of the second group of flow 10 

channels and the third group of flow channels into the working state. The 

valve body 61 can rotate around the axis relative to the valve sleeve 62, so 

that the plurality of through-holes 620 communicate with the ports of the 

one group of the second group of flow channels and the third group of flow 

channels that is in the working state by means of a combination to change 15 

the process operation mode. Each through-hole 620 at most communicates 

with one port of the valve body 61. 

The three groups of flow channels of the crude gas valve 60 include 

one normally open channel group (the first group of flow channels) and two 

switching channel groups (the second group of flow channels and the third 20 

group of flow channels). The first group of flow channels includes a crude 

gas channel 631, and the two ports of the crude gas channel 631 are 

respectively a feed port 6311 located at the center of the top surface of the 

valve body 61 and a port 6312 located on the sidewall of the valve body 61. 

The port 6312 is provided with a second arc-shaped groove 6313 extends 25 

horizontally along the outer sidewall of the valve body. The second group 

of flow channels includes a first exhaust channel 641, and the two ports of 

the first exhaust channel 641 are respectively a discharge port 6411 located 

at the center of the bottom surface of the valve body 61 and a first exhaust 

gas inlet 6412 located on the sidewall of the valve body 61. The first exhaust 30 

gas inlet 6412 is provided with a third arc-shaped groove 6413 extending 

horizontally along the outer sidewall of the valve body. The third group of 
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flow channels includes a second exhaust channel 642, which forms an F-

shape with the first exhaust channel 641. The two ports of the second 

exhaust channel 642 are respectively the discharge port 6411 located at the 

center of the bottom surface of the valve body 61 and a second exhaust gas 

inlet 6422 located on the sidewall of the valve body 61. In this embodiment, 5 

the process sequences corresponding to the two switching groups of flow 

channels are different. It should be understood that the present invention is 

not limited to the disclosed specific groups of flow channels. Those skilled 

in the art can select any suitable number and structure of groups of flow 

channels as needed. 10 

Referring to Figs.1 to 8, the pressure swing adsorption device includes 

the product gas valve 50 and the crude gas valve 60, and the four adsorption 

towers 10, 20, 30 and 40. The bottom gas pipes 11, 21, 31 and 41 of the 

adsorption towers 10, 20, 30 and 40 communicate with the through-hole 620 

of the crude gas valve 60, respectively, and the top gas pipes 12, 22, 32 and 15 

42 communicate with the through-hole 520 of the product gas valve 50, 

respectively. The product gas port 5311 of the product gas valve 50 is 

connected to the product collection pipe 70, the feed port 6311 of the crude 

gas valve 60 communicates with the crude gas supply pipe 80, and the 

discharge port 6411 communicates with the exhaust gas collection pipe 90. 20 

The first arc-shaped groove 5313 and the second arc-shaped groove 6313 

have the same radian and are strictly opposite in up-down direction. 

In this embodiment, the radians of the first arc-shaped groove 5313 and 

the second arc-shaped groove 6313 are both π/2, and the radian of the third 

arc-shaped groove 6413 is π/6. The angle between the two ports of the first 25 

equalization channel 541 of the product gas valve 50 is 180°, the angle 

between the two ports of the first equalization channel 542 is 90°, the angle 

between the two ports of the first equalization channel 543 is 90°, the angle 

between the adjacent first equalization channels is 30°; the angle between 

the two ports of the second equalization channel 551 is 180°, the angle 30 

between the two ports of the second pressure equalization channels 552 is 

90°, and the angle between adjacent second equalization channels is 60°. It 
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should be understood that the radians of the first arc-shaped groove 5313, 

the second arc-shaped groove 6313 and the third arc-shaped groove 6413, 

and the angle between the two ports of the respective first pressure 

equalization channels 541, 542, 543 and second pressure equalization 

channels 551, 552 of the product gas valve 50 may take any other suitable 5 

value without departing from the scope of the present invention. Those 

skilled in the art can select a suitable value according to the specific number 

of adsorption towers and specific process sequence requirements. 

In this embodiment, the first arc-shaped groove 5313 is used to guide 

the product gas of at least one adsorption tower to flow between the product 10 

gas port 5311 and the through-hole 520 aligned with the first arc-shaped 

groove 5313; the first equalization channel 541, 542 and 543 are used to 

guide the product gas to flow between two through-holes 520 aligned with 

the two ports 520 of the first pressure equalization channels 541, 542 and 

543; the second pressure equalization channels 551 and 552 are used to 15 

guide the product gas to flow between the two through-holes 520 aligned 

with the two ports of the second pressure equalization channels 551 and 552. 

In this embodiment, the second arc-shaped groove 6313 is used to guide 

the crude gas flow into the through-hole 620 aligned with the second arc-

shaped groove 6313; the first exhaust channel 641 is used to guide the 20 

exhaust gas from the through-hole 620 aligned with the first exhaust gas 

inlet 6412 to the discharge port 6411; the second exhaust channel 642 is 

used to guide the exhaust gas from the through-hole 620 aligned with the 

second exhaust gas inlet 6422 to the discharge port 6411; the third arc-

shaped groove 6413 is used to guide the exhaust gas from the through-hole 25 

620 aligned with the third arc-shaped groove 6413 to the discharge port 6411. 

The pressure swing adsorption device of this embodiment can realize 

two pressure swing adsorption process sequences: the first process sequence 

and the second process sequence. During the working process, only the 

valve body 51 of the product gas valve 50 and the valve body 61 of the crude 30 

gas valve 60 rotate synchronously, and the other components are all 

stationary. 
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The working process of the pressure swing adsorption device of this 

embodiment using the first process sequence will be described below with 

reference to Fig.6 and Table 1. 

The switching valve 522 of the product gas valve 50 causes the product 

gas channel 531 and the first pressure equalization channels 541, 542 and 5 

543 to be in the working state, and the switching valve 622 of the crude gas 

valve 60 causes the crude gas channel 631 and the first exhaust channel 641 

to be in the working state. Each adsorption tower undergoes the steps of 

adsorption, first pressure equalization, purge regeneration, second pressure 

equalization, reverse-discharge regeneration (or countercurrent regeneration) 10 

and pressurization in one process cycle of the first process sequence. The 

valve body 51 of the product gas valve 50 and the valve body 61 of the crude 

gas valve 60 rotate synchronously in the clockwise direction with a sequence 

interval of 30°. 

Table 1: Steps of each adsorption tower 10, 20, 30, 40 in each step 15 

sequence of the first process sequence 

sequence 

 

adsorpt-

ion tower 

1 2 3 4 5 6 7 8 9 10 11 12 

10 1 1 2 3 4 5 6 7 8 9 X 10 

20 9 X 10 1 1 2 3 4 5 6 7 8 

30 6 7 8 9 X 10 1 1 2 3 4 5 

40 3 4 5 6 7 8 9 X 10 1 1 2 

 

Step 1—adsorption step: crude gas is introduced to the bottom gas pipe 

of the adsorption tower undergoing step 1, wherein the component with 

stronger adsorbability are removed by the adsorbent, and the component 20 

with weaker adsorbability are extracted from the top gas pipe of the 

adsorption tower as product gas. All of these product gases are final product 

gases sent to a selectable final product gas collection tank, and conveyed 

from there to downstream users. 
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Step 2—adsorption + pressurization step: crude gas continues to be 

introduced to the bottom gas pipe of the adsorption tower undergoing step 

2, wherein the component with stronger adsorbability are removed by the 

adsorbent, and the component with weaker adsorbability pass through the 

top gas pipe of the adsorption tower as product gas. A portion of the product 5 

gas is sent to the final product gas of the selectable final product gas 

collection tank and from there to the downstream user, and the other portion 

of the product gas is introduced into the top gas pipe of another adsorption 

tower which undergoes a pressurization step (Step 10). 

Step 3—first depressurization step: by extracting depressurization gas 10 

from the top gas pipe of the adsorption tower undergoing step 3, the 

adsorption tower begins to be depressurized from the pressure in step 2 until 

the pressure in the adsorption tower drops to a first intermediate pressure, 

where the depressurization gas is introduced into the top gas pipe of the 

adsorption tower undergoing the first pressurization step (step 9). That is to 15 

say, step 3 is the first depressurization step in which the pressure of the 

adsorption tower after the absorption step is reduced to the first intermediate 

pressure. 

Step 4—purging step: by extracting purge gas from the top gas pipe of 

the adsorption tower, the adsorption tower is depressurized from the first 20 

intermediate pressure until the pressure in the adsorption tower drops to a 

second intermediate pressure, wherein the purge gas is introduced 

countercurrently into the top gas pipe of the adsorption tower undergoing 

purge regeneration (step 7). That is to say, step 4 is a purge step wherein 

purge gas is introduced into the adsorption tower undergoing purge 25 

regeneration (step 7). 

Step 5—second depressurization step: by extracting depressurization 

gas from the top gas pipe of the adsorption tower undergoing step 5, the 

adsorption tower is depressurized from the second intermediate pressure 

until the pressure in the adsorption tower drops to a third intermediate 30 

pressure, where the depressurization gas is introduced into the top gas pipe 

of the adsorption tower undergoing the second pressurization step (step 8). 
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That is to say, step 5 is the second depressurization step wherein the 

adsorption tower drops from the second intermediate pressure to the third 

intermediate pressure. 

Step 6—reverse-discharge regeneration step: the bottom gas pipe of the 

adsorption tower undergoing step 6 communicates with the first exhaust 5 

channel 641, and the reverse-discharged exhaust gas in the adsorption tower 

is discharged from top to bottom to realize the reverse-discharge 

regeneration step of the adsorption tower. 

Step 7—purge regeneration step: by introducing purge gas to the top 

gas pipe of the adsorption tower undergoing step 7, the bottom gas pipe of 10 

the adsorption tower communicates with the first exhaust channel 641 

through the third arc-shaped groove 6413, the exhaust gas is purged from 

top to bottom to be discharged from the adsorption tower, thereby 

performing the purge regeneration step of the adsorption tower, wherein the 

purge gas is provided from the top gas pipe of the adsorption tower 15 

undergoing the purge step (step 4). 

Step 8—second pressurization step: by introducing pressurization gas 

to the top gas pipe of the adsorption tower undergoing step 8, the adsorption 

tower is pressurized from the third intermediate pressure to a fourth 

intermediate pressure equal to or lower than the first intermediate pressure, 20 

wherein the pressurization gas is provided from the product end of the 

adsorption tower undergoing the second depressurization step (step 5). 

Step 9—first pressurization step: by introducing pressurization gas to 

the top gas pipe of the adsorption tower undergoing step 9, the adsorption 

tower is pressurized from the fourth intermediate pressure, wherein the 25 

pressurization gas is provided from the product end of the adsorption tower 

undergoing the first depressurization step (step 3). 

Step 10—adsorption-ready pressurization step: by introducing product 

gas into the top gas pipe of the adsorption tower undergoing step 10, the 

adsorption tower is pressurized, wherein the product gas is provided from 30 

the top gas pipe of the adsorption tower undergoing step 2. At the end of this 

step, the adsorption tower is ready to start step 1. Steps 1 to 10 are repeated 
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in a circular fashion. In one example, the component with stronger 

adsorbability is nitrogen gas and the component with weaker adsorbability 

is oxygen gas. In another example, the component with stronger 

adsorbability is nitroge gasn and the component with weaker adsorbability 

is hydrogen gas. It should be understood that the present invention may be 5 

used to separate any other suitable gas mixture. 

Sequence 1: the adsorption tower 10 is in step 1; the adsorption tower 

20 is in step 9; the adsorption tower 30 is in step 6; the adsorption tower 40 

is in step 3. The crude gas enters the crude gas valve 60 from the feed port 

6311, and enters the bottom of the adsorption tower 10 through the second 10 

arc-shaped groove 6313 and the bottom gas pipe 11. After the crude gas 

passes through the adsorbent bed in the adsorption tower 10 from bottom to 

top, the impurities are adsorbed in the bed, and the purified product gas 

enters the through-hole through the top gas pipe 12, and enters the product 

gas channel 531 of the product gas valve 50 under the guidance of the first 15 

arc-shaped groove 5313 and is discharged. The adsorption tower 10 is in the 

adsorption step. The top gas pipe 22 of the adsorption tower 20 and the top 

gas pipe 42 of the adsorption tower 40 communicate through the first 

pressure equalization channels 541, and the adsorption tower 20 and the 

adsorption tower 40 perform the first pressure equalization step. The bottom 20 

gas pipe 31 of the adsorption tower 30 communicates with the first exhaust 

channel 641, and the reverse discharged exhaust gas in the adsorption tower 

30 is discharged from top to bottom, realizing the reverse-discharge 

regeneration step of the adsorption tower 30. 

Sequence 2: the adsorption tower 10 is in step 1; the adsorption tower 25 

20 is in the cut-out state without performing any operation; the adsorption 

tower 30 is in step 6; the adsorption tower 40 is in step 3. The adsorption 

tower 10 is still in the adsorption step. The top gas pipe 32 of the adsorption 

tower 30 and the top gas pipe 42 of the adsorption tower 40 communicate 

through the first pressure equalization channels 543, and the bottom gas pipe 30 

31 of the adsorption tower 30 communicates with the first exhaust channel 

641 through the third arc-shaped groove 6413. The purge exhaust gas is 
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discharged from the adsorption tower 30 from top to bottom, and the 

adsorption tower 40 performs the purge regeneration step of the adsorption 

tower 30. 

Sequence 3: the adsorption tower 10 is in step 2; the adsorption tower 

20 is in step 9; the adsorption tower 30 is in step 6; the adsorption tower 40 5 

is in step 3. The adsorption tower 10 is still in the adsorption step. 

Simultaneously, the top gas pipe 12 of the adsorption tower 10 

communicates with the top gas pipe 22 of the adsorption tower 20 through 

the first arc-shaped groove 5313, and the adsorption tower 10 pressurizes 

the adsorption tower 20. In this process, the adsorption tower 20 is 10 

pressurized to the adsorption pressure, ready to receive crude gas. The top 

pipe 32 of the adsorption tower 30 communicates with the top pipe 42 of the 

adsorption tower 40 through the first pressure equalization channels 542, 

and the adsorption tower 30 and the adsorption tower 40 performs the 

second pressure equalization step. 15 

Sequence 4: the adsorption tower 10 is in step 3; the adsorption tower 

20 is in step 1; the adsorption tower 30 is in step 9; the adsorption tower 40 

is in step 6. The crude gas enters the crude gas valve 60 from the feed port 

6311, and enters the bottom of the adsorption tower 20 through the second 

arc-shaped groove 6313 and the bottom gas pipe 21. After the crude gas 20 

passes through the adsorbent bed in the adsorption tower 20 from bottom to 

top, the impurities are adsorbed in the bed, and the purified product gas 

enters the product gas valve 50 through the top gas pipe 22 from the first 

arc-shaped groove 5313 and is discharged from the product gas channel 531. 

The adsorption tower 20 is in the adsorption step. The top gas pipe 32 of the 25 

adsorption tower 30 and the top gas pipe 12 of the adsorption tower 10 

communicate through the first pressure equalization channels 541, and the 

adsorption tower 30 and the adsorption tower 10 perform the first pressure 

equalization step. The bottom gas pipe 41 of the adsorption tower 40 

communicates with the first exhaust channel 641, and the reverse discharged 30 

exhaust gas in the adsorption tower 40 is discharged from top to bottom, 

realizing the reverse-discharge regeneration step of the adsorption tower 40. 
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Sequence 5: the adsorption tower 10 is in step 4; the adsorption tower 

20 is in step 1; the adsorption tower 30 is in a cut-out state without 

performing any operation; the adsorption tower 40 is in step 7. The 

adsorption tower 20 is still in the adsorption step. The top gas pipe 12 of the 

adsorption tower 10 and the top gas pipe 42 of the adsorption tower 40 5 

communicate through the first pressure equalization channels 543, and the 

bottom gas pipe 41 of the adsorption tower 40 communicates with the first 

exhaust channel 641 through the third arc-shaped groove 6413. The purge 

exhaust gas is discharged from the adsorption tower 40 from top to bottom, 

and the adsorption tower 10 performs the purge regeneration step of the 10 

adsorption tower 40. 

Sequence 6: the adsorption tower 10 is in step 5; the adsorption tower 

20 is in step 2; the adsorption tower 30 is in step 10; the adsorption tower 

40 is in step 8. The adsorption tower 20 is still in the adsorption step. 

Simultaneously, the top gas pipe 22 of the adsorption tower 20 15 

communicates with the top gas pipe 32 of the adsorption tower 30 through 

the first arc-shaped groove 5313, and the adsorption tower 20 pressurizes 

the adsorption tower 30, and in this process, the adsorption tower 30 is 

pressurized to the adsorption pressure, ready to receive crude gas. The top 

pipe 12 of the adsorption tower 10 communicates with the top pipe 42 of the 20 

adsorption tower 40 through the first pressure equalization channels 542, 

and the adsorption tower 10 and the adsorption tower 40 perform the second 

pressure equalization step. 

Sequence 7: the adsorption tower 10 is in step 6; the adsorption tower 

20 is in step 3; the adsorption tower 30 is in step 1; the adsorption tower 40 25 

is in step 9. The crude gas enters the crude gas valve 60 from the feed port 

6311, and enters the bottom of the adsorption tower 30 through the second 

arc-shaped groove 6313 and the bottom gas pipe 31. After the crude gas 

passes through the adsorbent bed in the adsorption tower 30 from bottom to 

top, the impurities are adsorbed in the bed, and the purified product gas 30 

enters the through-hole through the top gas pipe 32, and enters the product 

gas channel 531 of the product gas valve 50 under the guidance of the first 
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arc-shaped groove 5313 and is discharged. The adsorption tower 30 is in the 

adsorption step. The top gas pipe 22 of the adsorption tower 20 and the top 

gas pipe 42 of the adsorption tower 40 communicate through the first 

pressure equalization channels 541, and the adsorption tower 20 and the 

adsorption tower 40 perform the first pressure equalization step. The bottom 5 

gas pipe 11 of the adsorption tower 10 communicates with the first exhaust 

channel 641, and the reverse discharged exhaust gas in the adsorption tower 

10 is discharged from top to bottom, realizing the reverse-discharge 

regeneration step of the adsorption tower 10. 

Sequence 8: the adsorption tower 10 is in step 7; the adsorption tower 10 

20 is in step 4; the adsorption tower 30 is in step 1; the adsorption tower 40 

is in the cut-out state without performing any operation. The adsorption 

tower 30 is still in the adsorption step. The top gas pipe 22 of the adsorption 

tower 20 communicates with the top gas pipe 12 of the adsorption tower 10 

through the first pressure equalization channels 543, and the bottom gas pipe 15 

11 of the adsorption tower 10 communicates with the first exhaust channel 

641 through the third arc-shaped groove 6413. The purge exhaust gas is 

discharged from the adsorption tower 10 from top to bottom, and the 

adsorption tower 20 performs the purge regeneration step of the adsorption 

tower 10. 20 

Sequence 9: the adsorption tower 10 is in step 8; the adsorption tower 

20 is in step 5; the adsorption tower 30 is in step 2; the adsorption tower 40 

is in step 10. The adsorption tower 30 is still in the adsorption step. 

Simultaneously, the top gas pipe 32 of the adsorption tower 30 

communicates with the top gas pipe 42 of the adsorption tower 40 through 25 

the first arc-shaped groove 5313, and the adsorption tower 30 pressurizes 

the adsorption tower 40. In this process, the adsorption tower 40 is 

pressurized to the adsorption pressure, ready to receive crude gas. The top 

pipe 12 of the adsorption tower 10 communicates with the top pipe 22 of the 

adsorption tower 20 through the first pressure equalization channels 542, 30 

and the adsorption tower 10 and the adsorption tower 20 perform the second 

pressure equalization step. 
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Sequence 10: the adsorption tower 10 is in step 9; the adsorption tower 

20 is in step 6; the adsorption tower 30 is in step 3; the adsorption tower 40 

is in step 1. The crude gas enters the crude gas valve 60 from the feed port 

6311, and enters the bottom of the adsorption tower 40 through the second 

arc-shaped groove 6313 and the bottom gas pipe 41. After the crude gas 5 

passes through the adsorbent bed in the adsorption tower 40 from bottom to 

top, the impurities are adsorbed in the bed, and the purified product gas 

enters the product gas valve 50 through the first arc-shaped groove 5313 and 

is discharged from the product gas channel 531. The adsorption tower 40 is 

in the adsorption step. The top gas pipe 32 of the adsorption tower 30 and 10 

the top gas pipe 12 of the adsorption tower 10 communicate through the first 

pressure equalization channels 541, and the adsorption tower 30 and the 

adsorption tower 10 perform the first pressure equalization step. The bottom 

gas pipe 21 of the adsorption tower 20 communicates with the first exhaust 

channel 641, and the reverse discharged exhaust gas in the adsorption tower 15 

20 is discharged from top to bottom, realizing the reverse-discharge 

regeneration step of the adsorption tower 20. 

Sequence 11: the adsorption tower 10 is in cut-out state without 

performing any operation; the adsorption tower 20 is in step 7; the 

adsorption tower 30 is in step 4; the adsorption tower 40 is in step 1. The 20 

adsorption tower 40 is still in the adsorption step. The top gas pipe 22 of the 

adsorption tower 20 and the top gas pipe 32 of the adsorption tower 30 

communicate through the first pressure equalization channels 543, and the 

bottom gas pipe 21 of the adsorption tower 20 communicates with the first 

exhaust channel 641 through the third arc-shaped groove 6413. The purge 25 

exhaust gas is discharged from the adsorption tower 20 from top to bottom, 

and the adsorption tower 30 performs the purge regeneration step of the 

adsorption tower 20. 

Sequence 12: the adsorption tower 10 is in step 10; the adsorption tower 

20 is in step 8; the adsorption tower 30 is in step 5; the adsorption tower 40 30 

is in step 2. The adsorption tower 40 is still in the adsorption step. 

Simultaneously, the top gas pipe 42 of the adsorption tower 40 
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communicates with the top gas pipe 12 of the adsorption tower 10 through 

the first arc-shaped groove 5313, and the adsorption tower 40 pressurizes 

the adsorption tower 10. In this process, the adsorption tower 10 is 

pressurized to the adsorption pressure, ready to receive crude gas. The top 

pipe 22 of the adsorption tower 20 communicates with the top pipe 32 of the 5 

adsorption tower 30 through the first pressure equalization channels 542, 

and the adsorption tower 20 and the adsorption tower 30 perform the second 

pressure equalization step. 

The working process of the pressure swing adsorption device of this 

embodiment using the second process sequence will be described below 10 

with reference to Fig.7 and Table 2. 

The switching valve 522 of the product gas valve 50 causes the product 

gas channel 531 and the second pressure equalization channels 551 and 552 

to be in the working state, and the switching valve 622 of the crude gas valve 

60 causes the crude gas channel 631 and the second exhaust channel 651 to 15 

be in the working state. Each adsorption tower undergoes the steps of 

adsorption, first pressure equalization, second pressure equalization, 

reverse-discharge regeneration and pressurization in one process cycle of 

the second process sequence. The valve body 51 of the product gas valve 50 

and the valve body 61 of the crude gas valve 60 rotate synchronously in the 20 

clockwise direction with a sequence interval of 30°. 

Table 2: Steps of each adsorption tower 10, 20, 30, 40 in each sequence 

of the second process sequence 

sequence 

 

adsorpt-

ion tower 

1 2 3 4 5 6 7 8 9 10 11 12 

10 1 1 2 3 X 4 5 X 6 7 X 8 

20 7 X 8 1 1 2 3 X 4 5 X 6 

30 5 X 6 7 X 8 1 1 2 3 x 4 

40 3 x 4 5 x 6 7 x 8 1 1 2 
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Step 1—adsorption step: crude gas is introduced to the bottom gas pipe 

of the adsorption tower undergoing step 1, wherein the component with 

stronger adsorbability are removed by the adsorbent, and the component 

with weaker adsorbability are extracted from the top gas pipe of the 

adsorption tower as product gas. All of these product gases are final product 5 

gases sent to a selectable final product gas collection tank, and conveyed 

from there to downstream users. 

Step 2—adsorption + pressurization step: crude gas continues to be 

introduced to the bottom gas pipe of the adsorption tower undergoing step 

2, wherein the component with stronger adsorbability are removed by the 10 

adsorbent, and the component with weaker adsorbability pass through the 

top gas pipe of the adsorption tower as product gas. A portion of the product 

gas is sent to the final product gas of the selectable final product gas 

collection tank and from there to the downstream user, and the other portion 

of the product gas is introduced into the top gas pipe of another adsorption 15 

tower which undergoes a pressurization step (Step 8). 

Step 3—first depressurization step: by extracting depressurization gas 

from the top gas pipe of the adsorption tower undergoing step 3, the 

adsorption tower begins to be depressurized from the pressure in step 2 until 

the pressure in the adsorption tower drops to a first intermediate pressure, 20 

where the depressurization gas is introduced into the top gas pipe of the 

adsorption tower undergoing the first pressurization step (step 7). That is to 

say, step 3 is the first depressurization step in which the pressure of the 

adsorption tower after the absorption step is reduced to the first intermediate 

pressure. 25 

Step 4—second depressurization step: by extracting depressurization 

gas from the top gas pipe of the adsorption tower undergoing step 4, the 

adsorption tower is depressurized from the second intermediate pressure 

until the pressure in the adsorption tower drops to a third intermediate 

pressure, where the depressurization gas is introduced into the top gas pipe 30 

of the adsorption tower undergoing the second pressurization step (step 6). 

That is to say, step 4 is the second depressurization step wherein the 
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adsorption tower drops from the second intermediate pressure to the third 

intermediate pressure. 

Step 5—reverse-discharge regeneration step: the bottom gas pipe of the 

adsorption tower undergoing step 5 communicates with the first exhaust 

channel 641, and the reverse-discharged exhaust gas in the adsorption tower 5 

is discharged from top to bottom to realize the reverse-discharge 

regeneration step of the adsorption tower. 

Step 6—second pressurization step: by introducing pressurization gas 

to the top gas pipe of the adsorption tower undergoing step 6, the adsorption 

tower is pressurized from the third intermediate pressure to a fourth 10 

intermediate pressure equal to or lower than the first intermediate pressure, 

wherein the pressurization gas is provided from the product end of the 

adsorption tower undergoing the second depressurization step (step 4). 

Step 7—first pressurization step: by introducing pressurization gas to 

the top gas pipe of the adsorption tower undergoing step 7, the adsorption 15 

tower is pressurized from the fourth intermediate pressure, wherein the 

pressurization gas is provided from the product end of the adsorption tower 

undergoing the first depressurization step (step 3). 

Step 8—adsorption-ready pressurization step: by introducing product 

gas into the top gas pipe of the adsorption tower undergoing step 8, the 20 

adsorption tower is pressurized, wherein the product gas is provided from 

the top gas pipe of the adsorption tower undergoing step 2. At the end of this 

step, the adsorption tower is ready to start step 1. Steps 1 to 8 are repeated 

in a circular fashion. In one example, the component with stronger 

adsorbability is nitrogen gas and the component with weaker adsorbability 25 

is oxygen gas. In another example, the component with stronger 

adsorbability is nitrogen gas and the component with weaker adsorbability 

is hydrogen gas. It should be understood that the present invention may be 

used to separate any other suitable gas mixture. 

Sequence 1: the adsorption tower 10 is in step 1; the adsorption tower 30 

20 is in step 7; the adsorption tower 30 is in step 5; the adsorption tower 40 

is in step 3. The crude gas enters the crude gas valve 60 from the feed port 
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6311, and enters the bottom of the adsorption tower 10 through the second 

arc-shaped groove 6313 and the bottom gas pipe 11. After the crude gas 

passes through the adsorbent bed in the adsorption tower 10 from bottom to 

top, impurities are adsorbed in the bed, and the purified product gas enters 

the product gas valve 50 through the first arc-shaped groove 5313 and is 5 

discharged from the product gas channel 531. The adsorption tower 10 is in 

the adsorption step. The top gas pipe 22 of the adsorption tower 20 and the 

top gas pipe 42 of the adsorption tower 40 communicate through the second 

pressure equalization channels 551, and the adsorption tower 20 and the 

adsorption tower 40 perform the first pressure equalization step. The bottom 10 

gas pipe 31 of the adsorption tower 30 communicates with the second 

exhaust channel 651, and the reverse discharged exhaust gas in the 

adsorption tower 30 is discharged from top to bottom, realizing the reverse-

discharge regeneration step of the adsorption tower 30. 

Sequence 2: the adsorption tower 10 is in step 1. The adsorption tower 15 

10 is still in the adsorption step. The adsorption towers 20, 30 and 40 are all 

in cut-off state without performing any operation. 

Sequence 3: the adsorption tower 10 is in step 2; the adsorption tower 

20 is in step 8; the adsorption tower 30 is in step 6; the adsorption tower 40 

is in step 4. The adsorption tower 10 is still in the adsorption step. 20 

Simultaneously, the top gas pipe 12 of the adsorption tower 10 

communicates with the top gas pipe 22 of the adsorption tower 20 through 

the first arc-shaped groove 5313, and the adsorption tower 10 pressurizes 

the adsorption tower 20. In this process, the adsorption tower 20 is 

pressurized to the adsorption pressure, ready to receive crude gas. The top 25 

pipe 32 of the adsorption tower 30 communicates with the top pipe 42 of the 

adsorption tower 40 through the second pressure equalization channels 552, 

and the adsorption tower 30 and the adsorption tower 40 perform the second 

pressure equalization step. 

Sequence 4: the adsorption tower 10 is in step 3; the adsorption tower 30 

20 is in step 1; the adsorption tower 30 is in step 7; the adsorption tower 40 

is in step 5. The crude gas enters the crude gas valve 60 from the feed port 
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6311, and enters the bottom of the adsorption tower 20 through the second 

arc-shaped groove 6313 and the bottom gas pipe 21. After the crude gas 

passes through the adsorbent bed in the adsorption tower 20 from bottom to 

top, the impurities are adsorbed in the bed, and the purified product gas 

enters the product gas valve 50 through the first arc-shaped groove 5313 and 5 

is discharged from the product gas channel 531. The adsorption tower 20 is 

in the adsorption step. The top gas pipe 32 of the adsorption tower 30 and 

the top gas pipe 12 of the adsorption tower 10 communicate through the 

second pressure equalization channels 551, and the adsorption tower 30 and 

the adsorption tower 10 perform the first pressure equalization step. The 10 

bottom gas pipe 41 of the adsorption tower 40 communicates with the 

second exhaust channel 651, and the reverse discharged exhaust gas in the 

adsorption tower 40 is discharged from top to bottom, realizing the reverse-

discharge regeneration step of the adsorption tower 40. 

Sequence 5: the adsorption tower 20 is in step 1. The adsorption tower 15 

20 is still in the adsorption step. The adsorption towers 10, 30 and 40 are all 

in cut-off state without performing any operation. 

Sequence 6: the adsorption tower 10 is in step 4; the adsorption tower 

20 is in step 2; the adsorption tower 30 is in step 8; the adsorption tower 40 

is in step 6. The adsorption tower 20 is still in the adsorption step. 20 

Simultaneously, the top gas pipe 22 of the adsorption tower 20 

communicates with the top gas pipe 32 of the adsorption tower 30 through 

the first arc-shaped groove 5313, and the adsorption tower 20 pressurizes 

the adsorption tower 30, and in this process, the adsorption tower 30 is 

pressurized to the adsorption pressure, ready to receive crude gas. The top 25 

pipe 12 of the adsorption tower 10 communicates with the top pipe 42 of the 

adsorption tower 40 through the second pressure equalization channels 552, 

and the adsorption tower 10 and the adsorption tower 40 perform the second 

pressure equalization step. 

Sequence 7: the adsorption tower 10 is in step 5; the adsorption tower 30 

20 is in step 3; the adsorption tower 30 is in step 1; the adsorption tower 40 

is in step 7. The crude gas enters the crude gas valve 60 from the feed port 



- 33- 

6311, and enters the bottom of the adsorption tower 30 through the second 

arc-shaped groove 6313 and the bottom gas pipe 31. After the crude gas 

passes through the adsorbent bed in the adsorption tower 30 from bottom to 

top, impurities are adsorbed in the bed, and the purified product gas enters 

the product gas valve 50 through the first arc-shaped groove 5313 and is 5 

discharged from the product gas channel 531. The adsorption tower 30 is in 

the adsorption step. The top gas pipe 22 of the adsorption tower 20 and the 

top gas pipe 42 of the adsorption tower 40 communicate through the second 

pressure equalization channels 551, and the adsorption tower 20 and the 

adsorption tower 40 perform the first pressure equalization step. The bottom 10 

gas pipe 11 of the adsorption tower 10 communicates with the second 

exhaust channel 651, and the reverse discharged exhaust gas in the 

adsorption tower 10 is discharged from top to bottom, realizing the reverse-

discharge regeneration step of the adsorption tower 10. 

Sequence 8: the adsorption tower 30 is in step 1. The adsorption tower 15 

30 is still in the adsorption step. The adsorption towers 10, 20 and 40 are all 

in cut-out state without performing any operation. 

Sequence 9: the adsorption tower 10 is in step 6; the adsorption tower 

20 is in step 4; the adsorption tower 30 is in step 2; the adsorption tower 40 

is in step 8. The adsorption tower 30 is still in the adsorption step. 20 

Simultaneously, the top gas pipe 32 of the adsorption tower 30 

communicates with the top gas pipe 42 of the adsorption tower 40 through 

the first arc-shaped groove 5313, and the adsorption tower 30 pressurizes 

the adsorption tower 40. In this process, the adsorption tower 40 is 

pressurized to the adsorption pressure, ready to receive crude gas. The top 25 

pipe 12 of the adsorption tower 10 communicates with the top pipe 22 of the 

adsorption tower 20 through the second pressure equalization channels 552, 

and the adsorption tower 10 and the adsorption tower 20 perform the second 

pressure equalization step. 

Sequence 10: the adsorption tower 10 is in step 7; the adsorption tower 30 

20 is in step 5; the adsorption tower 30 is in step 3; the adsorption tower 40 

is in step 1. The crude gas enters the crude gas valve 60 from the feed port 
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6311, and enters the bottom of the adsorption tower 40 through the second 

arc-shaped groove 6313 and the bottom gas pipe 41. After the crude gas 

passes through the adsorbent bed in the adsorption tower 40 from bottom to 

top, impurities are adsorbed in the bed, and the purified product gas enters 

the product gas valve 50 through the first arc-shaped groove 5313 and is 5 

discharged from the product gas channel 531. The adsorption tower 40 is in 

the adsorption step. The top gas pipe 32 of the adsorption tower 30 and the 

top gas pipe 12 of the adsorption tower 10 communicate through the second 

pressure equalization channels 551, and the adsorption tower 30 and the 

adsorption tower 10 perform the first pressure equalization step. The bottom 10 

gas pipe 21 of the adsorption tower 20 communicates with the second 

exhaust channel 651, and the reverse discharged exhaust gas in the 

adsorption tower 20 is discharged from top to bottom, realizing the reverse-

discharge regeneration step of the adsorption tower 20. 

Sequence 11: the adsorption tower 40 is in step 1. The adsorption tower 15 

40 is still in the adsorption step. The adsorption towers 10, 20 and 30 are all 

in cut-out state without performing any operation. 

Sequence 12: the adsorption tower 10 is in step 8; the adsorption tower 

20 is in step 6; the adsorption tower 30 is in step 4; the adsorption tower 40 

is in step 2. The adsorption tower 40 is still in the adsorption step. 20 

Simultaneously, the top gas pipe 42 of the adsorption tower 40 

communicates with the top gas pipe 12 of the adsorption tower 10 through 

the first arc-shaped groove 5313, and the adsorption tower 40 pressurizes 

the adsorption tower 10. In this process, the adsorption tower 10 is 

pressurized to the adsorption pressure, ready to receive crude gas. The top 25 

pipe 22 of the adsorption tower 20 communicates with the top pipe 32 of the 

adsorption tower 30 through the second pressure equalization channels 552, 

and the adsorption tower 20 and the adsorption tower 30 perform the second 

pressure equalization step. 

The pressure swing adsorption device of this embodiment can be 30 

switched to a suitable process sequence according to actual project needs, 

and the process sequence can be switched online according to on-site 
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conditions such as crude gas fluctuations, without shutting down, thereby 

ensuring production flexibility. The second process sequence has no purge 

step and corresponding purge regeneration step. When the crude gas has 

more heavy components, it is switched to the first process sequence, and 

when the crude gas component is better (that is, less heavy components), it 5 

is switched to the second process sequence. When the valve block of the 

product gas valve corresponding to a certain process sequence needs to be 

replaced or repaired, online operation can also be realized, which improves 

the online operation rate and production efficiency of the rotary valve and 

ensures the continuous operation of long-term projects. 10 

The preferred embodiments of the present invention have been 

described in detail above with reference to the accompanying drawings, 

however, the present invention is not limited thereto. Within the scope of 

the technical concept of the present invention, various simple modifications 

can be made to the technical solution of the present invention, including 15 

combinations of respective specific technical features in any suitable manner. 

In order to avoid unnecessary repetition, various possible combinations are 

not further described in the present invention. However, these simple 

modifications and combinations should also be regarded as the content 

disclosed by the present invention, and all belong to the protection scope of 20 

the present invention. 
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claims 

 

1. A rotary valve comprising: 

a valve body provided with a first group of flow channels, a second 

group of flow channels and a third group of flow channels, ports of the first 5 

group of flow channels, the second group of flow channels and the third 

group of flow channels are disposed on a surface of the valve body; and 

a valve sleeve sleeved coaxially hermetically outside the valve body, 

and the valve sleeve is evenly opened with a plurality of through-holes, and 

an inner end of each through-hole is provided with a vertical groove 10 

extending up and down along an inner wall of the valve sleeve, the vertical 

groove is divided into three sections along the vertical direction, which 

communicate with the ports of the first group of flow channels, the second 

group of flow channels and the third group of flow channels, respectively, 

the first group of flow channels are in a working state, a switching valve is 15 

provided at the through-hole, and the switching valve switches one group of 

the second group of flow channels and the third group of flow channels into 

the working state, 

the valve body rotates around a rotation axis relative to the valve sleeve, 

so that the plurality of through-holes communicate with the ports of the one 20 

group of the second group of flow channels and the third group of flow 

channels that is in the working state and the first group of flow channels by 

means of a predetermined combination to achieve different process 

sequences, and each through-hole at most communicates with ports of the 

first group of flow channels, one group of the second group of flow channels 25 

or the third group of flow channels. 

2. The rotary valve according to claim 1, wherein the second group of 

flow channels includes a plurality of flow channels, and the third group of 

flow channels includes a plurality of flow channels. 

3. The rotary valve according to claim 1, wherein the valve body is 30 

composed of at least two valve blocks, the at least two valve blocks are 

detachably connected, and the second group of flow channels and the third 
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group of flow channels are arranged in different valve blocks. 

4. The rotary valve according to claim 1, wherein the second group of 

flow channels and the third group of flow channels correspond to the same 

or different process sequences. 

5. The rotary valve according to claim 1, wherein one port of the first 5 

group of flow channels is located at the center of the top surface of the valve 

body, and the other port of the first group of flow channels is located on the 

sidewall of the valve body and is provided with an arc-shaped groove 

extending horizontally along the outer sidewall of the valve body. 

6. A pressure swing adsorption device, comprising: 10 

a crude gas valve which is the rotary valve according to claim 1, ports 

of the crude gas valve include a feed port arranged at the center of the top 

surface and a discharge port arranged at the center of the bottom surface;  

a product gas valve which is the rotary valve according to claim 1, ports 

of the product gas valve include a product gas port that is arranged at the 15 

center of top surface, and a valve body of the product gas valve and a valve 

body of the crude gas valve rotate synchronously according to a 

predetermined sequence; and 

a plurality of adsorption towers with bottom gas pipes and top gas pipes, 

the bottom gas pipes communicate respectively with through-holes of the 20 

crude gas valve, and the top gas pipes communicate respectively with 

through-holes of the product gas valve. 

7. The pressure swing adsorption device according to claim 6, wherein: 

the first group of flow channels of the product gas valve is a product 

gas channel, one port of which is the product gas port, and the other port is 25 

located on the sidewall of the valve body of the product gas valve and is 

provided with a first arc-shaped groove extending horizontally along the 

outer sidewall of the valve body of the product gas valve, the first arc-shaped 

groove is used to guide the product gas of corresponding adsorption tower 

to flow between the product gas port and the through-hole aligned with the 30 

first arc-shaped groove; 

the second group of flow channels of the product gas valve are first 
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pressure equalization channels, both ports of which are arranged on the 

sidewall of the valve body of the product gas valve, and the first pressure 

equalization channels are used to guide the product gas to flow between two 

through-holes aligned with the two ports of the first pressure equalization 

channels; and 5 

the third group of flow channels of the product gas valve are second 

pressure equalization channels, both ports of which are arranged on the 

sidewall of the valve body of the product gas valve, and the second pressure 

equalization channels are used to guide the product gas to flow between two 

through-holes aligned with the two ports of the second pressure equalization 10 

channels. 

8. The pressure swing adsorption device according to claim 7, wherein 

the number of the first pressure equalization channels is 2 to 10, and the 

angle between adjacent first pressure equalization channels is 10° to 45°; 

the number of the second pressure equalization channels is 2 to 10, the angle 15 

between the adjacent second pressure equalization channels is 10° to 45°; 

the arrangement of the first pressure equalization channels is the same as or 

different from the arrangement of the second pressure equalization channels. 

9. The pressure swing adsorption device according to claim 7, wherein 

the valve body of the product gas valve is composed of an upper valve block, 20 

a middle valve block and a lower valve block, the product gas channel is 

arranged in the middle valve block and passes through the upper valve block, 

the first pressure equalization channels and the second pressure equalization 

channels are respectively arranged in the upper valve block and the lower 

valve block, and the upper valve block and the lower valve block are 25 

detachably connected with the middle valve block. 

10. The pressure swing adsorption device according to claim 7, wherein: 

the first group of flow channels of the crude gas valve is a crude gas 

channel, one port of which is the feed port, and the other port is located on 

the sidewall of the valve body and is provided with a second arc-shaped 30 

groove extending horizontally along the outer sidewall of the valve body of 

the crude gas valve, the second arc-shaped groove is used to guide the feed 
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gas flow into the through-hole aligned with the second arc-shaped groove, 

the second arc-shaped groove has the same radian as the first arc-shaped 

groove and is vertically opposite to the first arc-shaped groove; 

the second group of flow channels of the crude gas valve is a first 

exhaust channel, one port of which is the discharge port, and the other port 5 

is a first exhaust gas inlet located on the sidewall of the valve body of the 

crude gas valve, the first exhaust channel is used to guide exhaust gas from 

the through-hole aligned with the first exhaust gas inlet to the discharge port; 

and 

the third group of flow channels of the crude gas valve is a second 10 

exhaust channel, which forms an F-shape with the first exhaust channel, one 

port of the second exhaust channel is the discharge port, and the other port 

is a second exhaust gas inlet located on the sidewall of the valve body of the 

crude gas valve, and the second exhaust channel is used to guide the exhaust 

gas from the through-hole aligned with the second exhaust gas inlet to the 15 

discharge port. 

11. The pressure swing adsorption device according to claim 10, 

wherein the first exhaust gas inlet and/or the second exhaust gas inlet are 

provided with a third arc-shaped groove extending horizontally along the 

outer sidewall of the valve body of the crude gas valve, and the third arc-20 

shaped groove is used to guide the exhaust gas from the through-hole 

aligned with the third arc-shaped groove to discharge port. 

12. The pressure swing adsorption device according to claim 10, 

wherein the radians of the first arc-shaped groove and the second arc-shaped 

groove are π/6˜5π/6. 25 

13. The pressure swing adsorption device according to claim 6, wherein 

the number of the adsorption towers is greater than or equal to 4. 

14. The pressure swing adsorption device according to claim 6, wherein 

the predetermined sequence is a process sequence of pressure swing 

adsorption. 30 

15. The pressure swing adsorption device according to claim 6, wherein 

the valve body of the product gas valve and the valve body of the crude gas 
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valve rotate at a constant speed or a stepped speed. 

16. A method for recovering component with weaker adsorbability 

from a gas mixture using the pressure swing adsorption device according to 

claim 10, the plurality of adsorption towers comprising a first adsorption 

tower, a second adsorption tower, a third adsorption tower and a fourth 5 

adsorption tower, the method can be selectively operated in one of a first 

process sequence and a second process sequence. 

17. The method according to claim 16, wherein when the switching 

valve of the crude gas valve causes the second group of flow channels of the 

crude gas valve to be in the working state and the switching valve of the 10 

product gas valve causes the second group of flow channels of the product 

gas valve to be in the working state, the method is operated in the first 

process sequence; 

the first process sequence includes the following sequences: 

Sequence 1: the first adsorption tower is in an adsorption step, the 15 

second adsorption tower is in a first pressurization step, the third adsorption 

tower is in a reverse-discharge regeneration step, and the fourth adsorption 

tower is in a first depressurization step; 

Sequence 2: the first adsorption tower is in the adsorption step, the 

second adsorption tower is in a cut-out state without performing any 20 

operation, the third adsorption tower is in a purge regeneration step, and the 

fourth adsorption tower is in a purge step; 

Sequence 3: the first adsorption tower is in an adsorption + 

pressurization step, the second adsorption tower is in an adsorption-ready 

pressurization step, the third adsorption tower is in a second pressurization 25 

step, and the fourth adsorption tower is in a second depressurization step; 

Sequence 4: the first adsorption tower is in the first depressurization 

step, the second adsorption tower is in the adsorption step, the third 

adsorption tower is in the first pressurization step, and the fourth adsorption 

tower is in the reverse-discharge regeneration step; 30 

Sequence 5: the second adsorption tower is in the adsorption step, the 

third adsorption tower is in the cut-out state without performing any 
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operation, the fourth adsorption tower is in the purge regeneration step, and 

the first adsorption tower is in the purge step; 

Sequence 6: the first adsorption tower is in the second depressurization 

step, the second adsorption tower is in the adsorption + pressurization step, 

the third adsorption tower is in the adsorption-ready pressurization step, and 5 

the fourth adsorption tower is in the second pressurization step; 

Sequence 7: the first adsorption tower is in the reverse-discharge 

regeneration step, the second adsorption tower is in the first depressurization 

step, the third adsorption tower is in the adsorption step, and the fourth 

adsorption tower is in the first pressurization step; 10 

Sequence 8: the third adsorption tower is in the adsorption step, the 

fourth adsorption tower is in the cut-out state without performing any 

operation, the first adsorption tower is in the purge regeneration step, and 

the second adsorption tower is in the purge step; 

Sequence 9: the first adsorption tower is in the second pressurization 15 

step, the second adsorption tower is in the second depressurization step, the 

third adsorption tower is in the adsorption + pressurization step, and the 

fourth adsorption tower is in the adsorption-ready pressurization step; 

Sequence 10: the first adsorption tower is in the first pressurization step, 

the second adsorption tower is in the reverse-discharge regeneration step, 20 

the third adsorption tower is in the first depressurization step, and the fourth 

adsorption tower is in the adsorption step; 

Sequence 11: the fourth adsorption tower is in the adsorption step, the 

first adsorption tower is in the cut-out state without performing any 

operation, the second adsorption tower is in the purge regeneration step, and 25 

the third adsorption tower is in the purge step; 

Sequence 12: the first adsorption tower is in the adsorption-ready 

pressurization step, the second adsorption tower is in the second 

pressurization step, the third adsorption tower is in the second 

depressurization step, and the fourth adsorption tower is in the adsorption + 30 

pressurization step. 

18. The method according to claim 16, wherein when the switching 
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valve of the crude gas valve causes the third group of flow channels of the 

crude gas valve to be in the working state and the switching valve of the 

product gas valve causes the third group of flow channels of the product gas 

valve to be in the working state, the method is operated in the second process 

sequence; 5 

the second process sequence includes the following sequences: 

Sequence 1: the first adsorption tower is in an adsorption step, the 

second adsorption tower is in a first pressurization step, the third adsorption 

tower is in a reverse-discharge regeneration step, and the fourth adsorption 

tower is in a first depressurization step; 10 

Sequence 2: the first adsorption tower is in the adsorption step, the 

second adsorption tower, the third adsorption tower and the fourth 

adsorption tower are all in a cut-out state without performing any operation; 

Sequence 3: the first adsorption tower is in an adsorption + 

pressurization step, the second adsorption tower is in an adsorption-ready 15 

pressurization step, the third adsorption tower is in a second pressurization 

step, and the fourth adsorption tower is in a second depressurization step; 

Sequence 4: the first adsorption tower is in the first depressurization 

step, the second adsorption tower is in the adsorption step, the third 

adsorption tower is in the first pressurization step, and the fourth adsorption 20 

tower is in a reverse-discharge regeneration step; 

Sequence 5: the second adsorption tower is in the adsorption step, the 

first adsorption tower, the third adsorption tower and the fourth adsorption 

tower are all in the cut-out state without performing any operation; 

Sequence 6: the first adsorption tower is in the second depressurization 25 

step, the second adsorption tower is in the adsorption + pressurization step, 

the third adsorption tower is in the adsorption-ready pressurization step, and 

the fourth adsorption tower is in the second pressurization step; 

Sequence 7: the first adsorption tower is in the reverse-discharge 

regeneration step, the second adsorption tower is in the first depressurization 30 

step, the third adsorption tower is in the adsorption step, and the fourth 

adsorption tower is in the first pressurization step; 
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Sequence 8: the third adsorption tower is in the adsorption step, the 

first adsorption tower, the second adsorption tower and the fourth adsorption 

tower are all in the cut-out state without performing any operation; 

Sequence 9: the first adsorption tower is in the second pressurization 

step, the second adsorption tower is in the second depressurization step, the 5 

third adsorption tower is in the adsorption + pressurization step, and the 

fourth adsorption tower is in the adsorption-ready pressurization step; 

Sequence 10: the first adsorption tower is in the first pressurization step, 

the second adsorption tower is in the reverse-discharge regeneration step, 

the third adsorption tower is in the first depressurization step, and the fourth 10 

adsorption tower is in the adsorption step; 

Sequence 11: the fourth adsorption tower is in the adsorption step, the 

first adsorption tower, the second adsorption tower and the third adsorption 

tower are all in the cut-out state without performing any operation; 

Sequence 12: the first adsorption tower is in the adsorption-ready 15 

pressurization step, the second adsorption tower is in the second 

pressurization step, the third adsorption tower is in the second 

depressurization step, and the fourth adsorption tower is in the adsorption + 

pressurization step. 

 20 


