
ADSORBENT SELECTION METHOD, PRESSURE SWING ADSORPTION METHOD, 

AND SYSTEM THEREFOR

Cross Reference to Related Applications

This application claims the benefit of Chinese patent application 202111681815.7, filed on 

December 31, 2021, the contents of which are incorporated herein by reference.

Field of the Invention

Embodiments of the present disclosure relate to the technical field of adsorption separation, in 

particular to an adsorbent selection method, a pressure swing adsorption method, an adsorbent 

selection system and a pressure swing adsorption system.

Background of the Invention

A pressure swing adsorption technique can be used for the purification of gases such as hydrogen,

helium, nitrogen and the like, and also used for industrial processes such as carbon dioxide capture, 

recovery of lower hydrocarbons and the like. According to different application scenarios, an 

adsorbent selected for pressure swing adsorption can adsorb impurities that need to be removed or 

products that need to be produced, and the impurities or products adsorbed by the adsorbent are 

referred to as adsorbates. Adsorbents, control processes and equipment are a key to application of the 

pressure swing adsorption technology to production.

Selecting adsorbents based on different adsorbates, and matching with corresponding control 

processes, and further selecting reliable equipment are a general process for realizing an optimized 

production scheme for pressure swing adsorption. In general, pressure swing adsorption achieves 

continuous production by sequential switching of not less than two columns, each column is charged 

with the same type and weight of adsorbent, and a certain amount of adsorbent is charged in one 

adsorption column, and a product recovery rate can be improved by prolonging an adsorption period; 

and if the adsorbent charging amount is reduced, the product recovery rate can be ensured by 

shortening the adsorption period, and the floor space of a device is reduced.

In the prior art, the corresponding adsorbents are selected mainly empirically for different 

adsorbates. Therefore, it is usually necessary to charge an excess of adsorbent and set a longer 
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adsorption period to achieve the purpose of sufficient adsorption.

From the perspective of sustainable development, reducing the floor space of the device by 

reducing the amount of adsorbents used, and thus reducing the volume of an adsorbent column under 

the condition of ensuring the overall performance of a pressure swing adsorption device is a more 

optimal selection. Therefore, for the gas pressure swing adsorption process of the same raw materials, 

how to optimize a pressure swing adsorption period, reducing the amount of adsorbents used, and thus

reducing the floor space of the device and the total weight is an urgent problem to be solved.

Summary of the Invention

An object of the present disclosure is to provide an adsorbent selection method, a pressure swing 

adsorption method, an adsorbent selection system and a pressure swing adsorption system. A target 

adsorbent can be selected based on a slope of an adsorption isotherm at an initial pressure and an 

adsorption amount of a target adsorbate by an adsorbent at a specific temperature and a specific 

pressure, so that a pressure swing adsorption period can be optimized during a pressure swing 

adsorption process, the amount of adsorbents used can be reduced, and then the operating and 

production costs of the pressure swing adsorption can be reduced.

In order to achieve the above object, in a first aspect, the present disclosure provides an adsorbent 

selection method, including: acquiring a slope of an adsorption isotherm of each adsorbent of a 

plurality of adsorbents absorbing a target adsorbate at an initial pressure, wherein the adsorption 

isotherm is a curve of an adsorption amount as a function of pressure at a specific temperature; 

acquiring an adsorption amount of the target adsorbate absorbed by the each adsorbent at the specific 

temperature and a specific pressure; and selecting a target adsorbent for adsorbing the target adsorbate 

from the plurality of the adsorbents according to the slope and the adsorption amount for the each 

adsorbent.

Optionally, wherein selecting the target adsorbent for adsorbing the target adsorbate from the 

plurality of the adsorbents comprises: determining a minimum time for each decomposition step in a 

cycle period of pressure swing adsorption for the each adsorbent according to the slope for the each 

adsorbent; selecting a specific adsorbent from the plurality of the adsorbents according to the 

determined minimum time, wherein a minimum time corresponding to the specific adsorbent is less 

than or equal to a preset time; determining a product of a slope and an adsorption amount for the 
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specific adsorbent; and selecting an adsorbent corresponding to the largest product as the target 

adsorbent.

Optionally, wherein determining the minimum time for each decomposition step in the cycle 

period of pressure swing adsorption for the each adsorbent comprises: in a case where a slope of an 

adsorbent is greater than a first slope and less than or equal to a second slope, a minimum time 

corresponding to the adsorbent is greater than or equal to a first minimum time; in a case where a slope 

of an adsorbent is greater than the second slope and less than or equal to a third slope, a minimum time 

corresponding to the adsorbent is greater than or equal to a second a minimum time; in a case where a 

slope of an adsorbent is greater than the third slope and less than or equal to a fourth slope, a minimum 

time corresponding to the adsorbent is greater than or equal to a third minimum time; or in a case 

where a slope of an adsorbent is greater than the fourth slope and less than or equal to a fifth slope, a 

minimum time corresponding to the adsorbent is greater than or equal to a fourth minimum time,

wherein the first slope, the second slope, the third slope, the fourth slope, and the fifth slope gradually 

increase; and the first minimum time, the second minimum time, the third minimum time, and the 

fourth minimum time gradually increase.

Optionally, wherein in a case where the first slope is 1, the second slope is 10, the third slope is 20, 

the fourth slope is 30 and the fifth slope is 50, the first minimum time is 0.05 s, the second minimum 

time is 3 s, the third minimum time is 9 s and the fourth minimum time is 24 s.

Optionally, wherein determining the minimum time t for each decomposition step in the cycle 

period of pressure swing adsorption for the each adsorbent comprises:= ( )⁄ + ,

wherein T is a preset longest step time in s; and k0 is a slope for the each adsorbent.

Optionally, wherein T is less than or equal to 40.

Optionally, further comprising: determining a minimum time corresponding to the target 

adsorbent as an adsorption time; and determining the amount of the target adsorbent according to the 

amount of the target adsorbate introduced into an adsorption column in the adsorption time and an 

adsorption amount of the target adsorbent.

Optionally, wherein the step of acquiring the slope of the adsorption isotherm of each adsorbent 

of the plurality of the adsorbents absorbing the target adsorbate at the initial pressure is performed 
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under the condition that preset preconditions are met, wherein the preset preconditions comprise that: 

an absolute value of a difference between the adsorption amounts of an adsorption isotherm and a 

desorption isotherm of the each adsorbent for the target adsorbate at each pressure is less than or equal 

to a preset ratio of an adsorption amount of an adsorption isotherm.

Optionally, wherein the preset preconditions further comprise that: the adsorption amount of the 

adsorption isotherm of the each adsorbent absorbing the target adsorbate at each pressure is less than or 

equal to the adsorption amount of the desorption isotherm, wherein the desorption isotherm is a curve 

of a desorption amount as a function of pressure at the specific temperature.

Optionally, wherein the specific temperature is in the range from 10°C to 40°C.

Optionally, wherein the initial pressure is less than or equal to 10 kPa.

Optionally, wherein the adsorbents are selected from: a microporous molecular sieve; MOFs; a 

carbon molecular sieve; a special adsorbent and silica gel.

By the above technical solution, in the present disclosure, the target adsorbent for adsorbing the 

target adsorbate is inventively selected from the plurality of the adsorbents according to the slope of 

the adsorption isotherm of each adsorbent of the plurality of the adsorbents absorbing the target 

adsorbate at the initial pressure and the adsorption amount of the target adsorbate absorbed by the each 

adsorbent at the specific temperature and the specific pressure, so that a pressure swing adsorption 

period can be optimized during a pressure swing adsorption process, the amount of adsorbents used 

can be reduced, and then the operating and production costs of the pressure swing adsorption can be 

reduced.

In a second aspect, the present disclosure provides a pressure swing adsorption method, including: 

selecting a target adsorbent for adsorbing one or more target adsorbates according to the adsorbent 

selection method; and performing pressure swing adsorption on the one or more target adsorbates by 

using the target adsorbent.

Optionally, further comprising: in a case where a slope of an adsorption isotherm of the target 

adsorbent at an initial pressure point is greater than a first preset slope and less than or equal to a 

second preset slope, controlling a process timing sequence of pressure swing adsorption by adopting 

an integrated rotary valve; or in a case where a slope of an adsorption isotherm of the target adsorbent 

at an initial pressure point is greater than the second preset slope and less than or equal to a third preset 

slope, controlling a process timing sequence of pressure swing adsorption by adopting a program 
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control valve.

Optionally, wherein in a case where a plurality of target adsorbents are provided, the pressure 

swing adsorption method further comprises: grading the plurality of the target adsorbents, and

performing pressure swing adsorption on the one or more target adsorbates by using the target 

adsorbent at the specific temperature comprises performing pressure swing adsorption on the one or 

more target adsorbates by using the plurality of the target adsorbates graded at the specific 

temperature.

Optionally, further comprising: setting a minimum time for each decomposition step in a cycle 

period of pressure swing adsorption according to a slope for an adsorbent having a maximum slope of 

an adsorption isotherm at an initial pressure in the plurality of the target adsorbents.

By the above technical solution, the target adsorbent for adsorbing one or more target adsorbates 

is selected according to the adsorbent selection method, and then pressure swing adsorption is 

performed on the one or more target adsorbates by using the target adsorbent at the specific 

temperature. Therefore, the operating and production costs of the pressure swing adsorption can be 

reduced by reducing the amount of adsorbents used and optimizing the pressure swing adsorption 

period.

In a third aspect, the present disclosure provides an adsorbent selection system, including: a 

memory configured to store an adsorption isotherm of each adsorbent of a plurality of adsorbents 

absorbing a target adsorbate; and a processor configured to: acquire a slope of an adsorption isotherm 

of the each adsorbent absorbing the target adsorbate at an initial pressure, wherein the adsorption 

isotherm is a curve of an adsorption amount as a function of pressure at a specific temperature; acquire 

an adsorption amount of the target adsorbate absorbed by the each adsorbent at the specific 

temperature and a specific pressure; and select a target adsorbent for adsorbing the target adsorbate 

from the plurality of the adsorbents according to the slope and the adsorption amount for the each 

adsorbent.

Specific details and benefits of the absorbent selection system provided by the present disclosure 

can refer to the above description of the adsorbent selection method, which will not be repeated here.

In a fourth aspect, the present disclosure provides a pressure swing adsorption system, including: 

the adsorbent selection system configured to select a target adsorbent for adsorbing one or more target 

adsorbates; and an adsorption device configured to perform pressure swing adsorption on the one or 
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more target adsorbates by using the target adsorbent at a specific temperature.

Specific details and benefits of the pressure swing adsorption system provided by the present 

disclosure can refer to the above description of the pressure swing adsorption method, which will not 

be repeated here.

In a fifth aspect, the present disclosure provides a computer-readable storage medium, having 

stored thereon a computer program which, when executed by a processor, implements the adsorbent 

selection method as described above and/or the pressure swing adsorption method as described above.

Other features and advantages of the present disclosure will be described in detail in the Detailed 

Description section that follows.

Brief Description of Drawings

The accompanying drawings are used to provide a further understanding of the embodiments of 

the present disclosure and constitute a part of this description, and are used to explain the embodiments 

of the present disclosure together with the following specific embodiments, but do not constitute 

limitations of the embodiments of the present disclosure. In the drawings:

FIG. 1 is a flow chart of an adsorbent selection method according to an embodiment of the present 

disclosure;

FIG. 2 is a flow chart of selecting a target adsorbent for adsorbing the target adsorbate from the 

plurality of the adsorbents according to an embodiment of the present disclosure;

FIG. 3 is an adsorption isotherm and a desorption isotherm of one adsorbent for a certain 

adsorbate;

FIG. 4 shows a slope curve of the adsorption isotherm in FIG. 3 and a slope curve of the 

desorption isotherm in FIG. 3;

FIG. 5 is an adsorption isotherm and a desorption isotherm of one adsorbent for a certain 

adsorbate;

FIG. 6 shows a slope curve of the adsorption isotherm in FIG. 5 and a slope curve of the 

desorption isotherm in FIG. 5;

FIG. 7 is an adsorption isotherm and a desorption isotherm of another adsorbent for a certain 

adsorbate;

FIG. 8 shows a slope curve of the adsorption isotherm in FIG. 7 and a slope curve of the 
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desorption isotherm in FIG. 7;

FIG. 9 is an adsorption isotherm and a desorption isotherm of another adsorbent for a certain 

adsorbate;

FIG. 10 shows a slope curve of the adsorption isotherm in FIG. 9 and a slope curve of the 

desorption isotherm in FIG. 9;

FIG. 11 shows an adsorption isotherm of one adsorbent for a certain adsorbate, and a slope curve 

of the adsorption isotherm; and

FIG. 12 shows an adsorption isotherm of one adsorbent for a certain adsorbate, and a slope curve 

of the adsorption isotherm.

Detailed Description of the Embodiments

The specific embodiments of the present disclosure will be described below in detail with 

reference to the accompanying drawings. It should be understood that the specific embodiments 

described herein are merely illustrative and explanatory of the present disclosure, and are not intended 

to limit the present disclosure.

FIG. 1 is a flow chart of an adsorbent selection method according to an embodiment of the present 

disclosure. As shown in FIG. 1, the selection method may include: Step S101, acquiring a slope of an 

adsorption isotherm of each adsorbent of a plurality of adsorbents adsorbing a target adsorbate at an 

initial pressure, wherein the adsorption isotherm is a curve of an adsorption amount as a function of 

pressure at a specific temperature; Step S102, acquiring an adsorption amount of the target adsorbate 

adsorbed by the each adsorbent at the specific temperature and a specific pressure; and Step S103, 

selecting a target adsorbent for adsorbing the target adsorbate from the plurality of the adsorbents 

according to the slope and the adsorption amount for the each adsorbent.

In this embodiment, by selecting the adsorbent for the target adsorbate, a pressure swing 

adsorption cycle with a fast period can be achieved, the pressure swing adsorption process flow can be 

optimized, the amount of adsorbents used can be reduced, the floor space and weight of a pressure 

swing adsorption device on a same production scale (an equal amount of feed gas with the same 

impurity composition and content) can be effectively reduced, and the operating and production costs 

of the pressure swing adsorption can be reduced.

Before performing the step S101, a coincidence degree of an adsorption isotherm and a 
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desorption isotherm of each adsorbent adsorbing a target adsorbate may be firstly obtained, and then 

judged. If the coincidence degree is higher, it indicates that the adsorbed adsorbate is sufficiently 

desorbed and the desorption ability is stronger, and the step S101 is performed; otherwise, no 

corresponding subsequent steps need to be performed for this adsorbent.

Wherein the coincidence degree of the adsorption isotherm and the desorption isotherm refers to a 

coincidence degree of the adsorption amounts of the two curves under the same pressure. Specifically, 

the adsorption isotherm refers to a static adsorption isotherm, which has the characteristics of being 

good in repeatability, easy to obtain, and almost applicable to the performance characterization of all 

adsorbents; and the desorption isotherm refers to an adsorption amount isotherm obtained when an 

adsorbent completing a static adsorption isotherm test starts to be desorbed under reduced pressure 

under the same temperature conditions. A test method of the adsorption isotherm is as follows: the 

abscissa is pressure in bar, and the ordinate is the adsorption amount in ml/g; and the obtained 

adsorption isotherm represents the equilibrium adsorption amount of an adsorbent per unit mass at a 

certain adsorbate pressure.

In one embodiment, the step of acquiring the slope of the adsorption isotherm of each adsorbent 

of the plurality of the adsorbents adsorbing the target adsorbate at the initial pressure (i.e., the step 

S101) is performed under the condition that preset preconditions are met.

Wherein the preset preconditions may include that: an absolute value of a difference between the 

adsorption amounts of an adsorption isotherm and a desorption isotherm of the each adsorbent 

adsorbing the target adsorbate at each pressure is less than or equal to a preset ratio (e.g., 15%) of an 

adsorption amount of an adsorption isotherm.

Wherein the desorption isotherm is a curve of a desorption amount as a function of pressure at the 

specific temperature. The specific temperature is normal temperature (e.g., in the range from 10°C to 

40°C), preferably 25°C.

Preferably, the preset preconditions may further include that: the adsorption amount of the 

adsorption isotherm of the each adsorbent adsorbing the target adsorbate at each pressure is less than or 

equal to the adsorption amount of the desorption isotherm. Therefore, the adsorbed adsorbate can be 

completely and quickly desorbed.

Step S101, a slope of an adsorption isotherm of each adsorbent of a plurality of adsorbents 

adsorbimg a target adsorbate at an initial pressure is acquired.
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Wherein the adsorption isotherm is a curve of an adsorption amount as a function of pressure at a 

specific temperature. The specific temperature is normal temperature (e.g., in the range from 10°C to 

40°C), preferably 25°C. Where no specific temperature value is specifically indicated herein, it 

defaults to 25°C.

Wherein the initial pressure is less than or equal to 10 kPa. This pressure value setting may be the 

same for different absorbents.

Wherein the adsorbent is selected from: a microporous molecular sieve; MOFs; a carbon 

molecular sieve; a special adsorbent filled with a specific material (e.g., filled with a metallic material 

such as Cu/Zn) in a microporous molecular sieve, MOFs or a carbon molecular sieve; and silica gel.

For example, shaped adsorbents have a particle size ranging from 0.4 mm to 2.5 mm, and may be 

in the form of spheres, strips, columns or a core-shell type. For structured adsorbents, an adsorbent 

coating has a thickness in the range from 50 μm to 400 μm. The structured adsorbents generally mean 

that a porous support is coated with adsorbent powder, wherein the porous support may be a metal 

sintered porous material, an alumina sintered porous material, an organic glass fiber porous material, 

or the like.

Specifically, first, a static adsorption isotherm and a desorption isotherm of an adsorbent at a 

specific temperature are measured (as shown in FIG. 3, FIG. 5, FIG. 7, FIG. 9, and FIGS. 11-12), and 

further a derivative (a tangent slope) of a fitting curve of the adsorption isotherm and the desorption 

isotherm is taken to obtain a tangent slope for each point and obtain an isotherm slope curve (as shown 

in FIG. 4, FIG. 6, FIG. 8, and FIGS. 10-12), so that a slope of each adsorption isotherm at an initial 

pressure can be obtained. Of course, it is also possible to obtain only the slope at the initial pressure.

Step S102, an adsorption amount of the target adsorbate adsorbed by the each adsorbent at the 

specific temperature and a specific pressure is acquired.

From the adsorption isotherm of each adsorbent adsorbing the target adsorbate, the adsorption 

amount of the target adsorbate adsorbed by the each adsorbent at the specific temperature and specific 

pressure (e.g., 1 bar) can be obtained. Where no specific pressure value is specifically indicated herein, 

it may default to 1 bar. Of course, the specific pressure means a reasonable pressure for measuring the 

adsorption amount, which can be reasonably set according to the actual situation, and is not limited to 

1 bar.

Step S103, a target adsorbent for adsorbing the target adsorbate is selected from the plurality of 
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the adsorbents according to the slope and the adsorption amount for the each adsorbent.

For the step S103, as shown in FIG. 2, selecting the target adsorbent for adsorbing the target 

adsorbate from the plurality of the adsorbents may include the following steps S201 to S204.

Step S201, a minimum time for each decomposition step in a cycle period of pressure swing 

adsorption for the each adsorbent is determined according to the slope for the each adsorbent.

Based on the determined minimum time for each decomposition step, the overall cycle period (the 

adsorption period) can be determined.

In one embodiment, for the step S201, determining the minimum time for each decomposition 

step in the cycle period of pressure swing adsorption for the each adsorbent includes: in a case where a 

slope for an adsorbent is greater than a first slope and less than or equal to a second slope, a minimum 

time corresponding to the adsorbent is greater than or equal to a first minimum time; in a case where a 

slope for an adsorbent is greater than the second slope and less than or equal to a third slope, a 

minimum time corresponding to the adsorbent is greater than or equal to a second minimum time; in a 

case where a slope for an adsorbent is greater than the third slope and less than or equal to a fourth 

slope, a minimum time corresponding to the adsorbent is greater than or equal to a third minimum time; 

or in a case where a slope for an adsorbent is greater than the fourth slope and less than or equal to a 

fifth slope, a minimum time corresponding to the adsorbent is greater than or equal to a fourth 

minimum time.

Wherein the first slope, the second slope, the third slope, the fourth slope, and the fifth slope 

gradually increase; and the first minimum time, the second minimum time, the third minimum time, 

and the fourth minimum time gradually increase.

In a case where the first slope is 1, the second slope is 10, the third slope is 20, the fourth slope is 

30 and the fifth slope is 50, the first minimum time is 0.05 s, the second minimum time is 3 s, the third 

minimum time is 9 s and the fourth minimum time is 24 s.

Specifically, if a slope of an adsorption isotherm of an adsorbent for a target adsorbate at an initial 

pressure point is greater than 50, it can be determined that the adsorbent is not suitable for the 

continuous production process of pressure swing adsorption at normal temperature. When a slope of an 

adsorption isotherm of an adsorbent for a target adsorbate at an initial pressure point is less than or 

equal to 50, the adsorbent is suitable for use in the pressure swing adsorption process at room 

temperature, and cyclic adsorption and regeneration (i.e., a depressurized regeneration process) of the 
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adsorbent can be achieved within a suitable pressure swing adsorption cycle time.

For example, when a slope k0 of an adsorption isotherm of the selected adsorbent at an initial 

pressure point is greater than 1 and less than or equal to 10, the time for each decomposition step in the 

cycle period of pressure swing adsorption is greater than or equal to 0.05 s; when the slope k0 of the 

adsorption isotherm of the selected adsorbent at the initial pressure point is greater than 10 and less 

than or equal to 20, the time for each decomposition step in the cycle period of pressure swing 

adsorption is greater than or equal to 3 s; when the slope k0 of the adsorption isotherm of the selected 

adsorbent at the initial pressure point is greater than 20 and less than or equal to 30, the time for each 

decomposition step in the cycle period of pressure swing adsorption is greater than or equal to 9 s; and 

when the slope k0 of the adsorption isotherm of the selected adsorbent at the initial pressure point is 

greater than 30 and less than or equal to 50, the time for each decomposition step in the cycle period of 

pressure swing adsorption is greater than or equal to 24 s.

When an adsorption isotherm and a desorption isotherm of an adsorbent for a certain adsorbate 

and corresponding slope curves are determined as shown in FIGS. 3 and 4, the adsorbent is suitable for 

use in pressure swing adsorption with a fast period, with the time for each decomposition step in a 

cycle period being greater than or equal to 0.05 s.

When an adsorption isotherm and a desorption isotherm of an adsorbent for a certain adsorbate 

and corresponding slope curves are determined as shown in FIGS. 5 and 6, the adsorbent is suitable for 

use in pressure swing adsorption with a fast period, with the time for each decomposition step in a 

cycle period being greater than or equal to 3 s.

When an adsorption isotherm and a desorption isotherm of an adsorbent for a certain adsorbate 

and corresponding slope curves are determined as shown in FIGS. 7 and 8, the adsorbent is suitable for 

use in pressure swing adsorption with a fast period, with the time for each decomposition step in a 

cycle period being greater than or equal to 9 s.

When an adsorption isotherm and a desorption isotherm of an adsorbent for a certain adsorbate 

and corresponding slope curves are determined as shown in FIGS. 9 and 10, the adsorbent is suitable 

for use in pressure swing adsorption with a fast period, with the time for each decomposition step in a 

cycle period being greater than or equal to 24 s.

When a gas source contains a plurality of adsorbate components, adsorbents selected according to 

the above method may be graded, and a suitable cycle period of a composite bed where a plurality of 
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adsorbents are graded is determined by an adsorbent having the longest time required for the 

decomposition steps.

When an adsorption isotherm of an adsorbent for a certain adsorbate and a tangent slope curve of 

the adsorption isotherm are determined as shown in FIG. 11 or FIG. 12, a desorption isotherm at the 

same temperature cannot be obtained because the adsorbent cannot be desorbed at a measurement 

temperature; and at the same time, a slope of an adsorption isotherm of the adsorbent at an initial 

pressure point is greater than 50, and the adsorbent cannot be used to achieve the pressure swing 

adsorption process at normal temperature.

Thus, the above embodiment may be applicable to a depressurized regeneration process. For 

other processes, k0 may be in other reasonable ranges, e.g., 50<k0≤200, and the time for each 

decomposition step in a cycle period of pressure swing adsorption corresponding to the different 

sub-ranges may also be determined for different sub-ranges.

In another embodiment, for the step S201, determining the minimum time t (in s) for each 

decomposition step in the cycle period of pressure swing adsorption for the each adsorbent may 

include: = ( )⁄ + ,

wherein T is a preset longest step time in s; and k0 is a slope for the each adsorbent.

Since this embodiment is suitable for the pressure swing adsorption process with a fast period, T

is less than or equal to 40 (herein, T=40 by default unless otherwise specified). In a case where k0 is 

obtained according to the step S101, the minimum time t for the decomposition steps corresponding to 

each adsorbent can be determined according to the above formula.

Thus, the above embodiment is very broad in application range, and is applicable not only to a 

depressurized regeneration process (without vacuuming), but also to adsorbent selection and grading 

using vacuuming and including a purging process, and the results of the minimum time determined 

accordingly are also very accurate.

Step S202, a specific adsorbent is selected from the plurality of the adsorbents according to the 

determined minimum time.

Wherein a minimum time corresponding to the specific adsorbent is less than or equal to a preset 

time. The preset time can be reasonably set according to the actual situation: for example, the preset 
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time can be set to be 15.10 s (which corresponds to a slope of 24).

Table 1 Specific parameters for adsorption of adsorbate N2 by three adsorbents

Absorbent Adsorbate Slope at an initial point Minimum time (s)

Molecular sieve 1 N2 21 10.76

Molecular sieve 2 N2 7 1.38

Activated carbon 1 N2 8 1.62

The minimum time in Table 1 is obtained according to the calculation formula for t. For Table 1, 

the minimum time corresponding to each of the three adsorbents is less than 15.10 s, so the three 

adsorbents can be selected. The period of pressure swing adsorption can be optimized by this step to 

achieve rapid adsorption.

Step S203, a product of a slope and an adsorption amount for the specific adsorbent is determined.

For example, according to the slope and the adsorption amount for each adsorbent described 

below, the corresponding products are determined, as shown in Table 2.

Table 2 Specific parameters for adsorption of adsorbate N2 by three adsorbents

Absorbent Adsorbate Slope at an initial point Adsorption amount Product

Molecular sieve 1 N2 21 18 378

Molecular sieve 2 N2 7 7.5 52.5

Activated carbon 1 N2 8 9.2 73.6

Step S204, an adsorbent corresponding to the largest product is selected as the target adsorbent.

For example, a product value of a slope of an adsorption isotherm at an initial pressure and an 

adsorption amount (1 bar/25°C) of a molecular sieve 1 is the largest, so the molecular sieve 1 is 

determined as a target adsorbent. Efficient adsorption of a target adsorbate can be achieved by using a 

small amount of target adsorbent by this step, reducing the volume of an adsorption column.

Accordingly, the pressure swing adsorption period can be optimized by the various embodiments 

described above, the amount of adsorbents used can be reduced, and the operating and production costs 

of the pressure swing adsorption can be reduced, thereby ensuring a product recovery rate while 

satisfying the productivity of a pressure swing adsorption device.

In one embodiment, the selection method further includes: determining a minimum time 

corresponding to the target adsorbent as an adsorption time; and determining the amount of the target 
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adsorbent according to the amount of the target adsorbate introduced into an adsorption column in the 

adsorption time and an adsorption amount of the target adsorbent.

For example, the minimum time corresponding to the target adsorbent determined by the step 

S201 is determined as the adsorption time; then, the amount of the target adsorbate introduced into the 

adsorption column in the adsorption time can be determined, and in combination with the adsorption 

amount of the target adsorbent, the amount of the target adsorbate can be determined.

The various embodiments described above can be used to select adsorbents for various target 

adsorbates, while the alternative adsorbents are not particularly limited, and thus, the application range 

is wide.

To sum up, in the present disclosure, the target adsorbent for adsorbing the target adsorbate is 

inventively selected from the plurality of the adsorbents according to the slope of the adsorption 

isotherm of each adsorbent of the plurality of the adsorbents adsorbing the target adsorbate at the initial 

pressure and the adsorption amount of the target adsorbate adsorbed by the each adsorbent at the 

specific temperature and the specific pressure, so that a pressure swing adsorption period can be 

optimized during a pressure swing adsorption process, the amount of adsorbents used can be reduced, 

and then the operating and production costs of the pressure swing adsorption can be reduced.

An embodiment of the present disclosure further provides a pressure swing adsorption method, 

including: selecting a target adsorbent for adsorbing one or more target adsorbates according to the 

adsorbent selection method; and performing pressure swing adsorption on the one or more target 

adsorbates by using the target adsorbent at a specific temperature.

In one embodiment, the pressure swing adsorption method further includes: in a case where a 

slope of an adsorption isotherm of the target adsorbent at an initial pressure point is greater than a first 

preset slope and less than or equal to a second preset slope, controlling a process timing sequence of 

pressure swing adsorption by adopting an integrated rotary valve; or in a case where a slope of an 

adsorption isotherm of the target adsorbent at an initial pressure point is greater than the second preset 

slope and less than or equal to a third preset slope, controlling a process timing sequence of pressure 

swing adsorption by adopting a program control valve.

For example, when a slope of an adsorption isotherm of the selected adsorbent at an initial 

pressure satisfies 1<k0≤20, the process timing sequence is achieved by adopting the integrated rotary 

valve, and thus, very precise control can be achieved; and the process timing sequence is achieved by 
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adopting the program control valve when the slope of the adsorption isotherm of the selected adsorbent 

at the initial pressure satisfies 20<k0≤50.

In another embodiment, in a case where a plurality of target adsorbents are provided, the pressure 

swing adsorption method further includes: grading the plurality of the target adsorbents, and 

performing pressure swing adsorption on the one or more target adsorbates by using the target 

adsorbent at a specific temperature includes performing pressure swing adsorption on the one or more 

target adsorbates by using the plurality of the target adsorbents graded at the specific temperature.

The pressure swing adsorption method further includes setting a minimum time for each 

decomposition step in a cycle period of pressure swing adsorption according to a slope for an 

adsorbent having a maximum slope of an adsorption isotherm at an initial pressure in the plurality of 

the target adsorbents.

Specifically, when there are a plurality of target adsorbates, for example, a feed gas includes a 

plurality of components, adsorbents are selected one by one for the plurality of the target adsorbates, 

and the plurality of the adsorbents selected are graded. In one embodiment, grading refers to arranging 

beds where the plurality of the target adsorbates are located according to the molecular weight of the 

target adsorbates, and the target adsorbates are sequentially adsorbed from large to small according to 

the molecular weight of the corresponding target adsorbates. The same adsorbent is generally more 

likely to adsorb adsorbates with a high molecular weight, however, impurities with a high molecular 

weight are less likely to be desorbed, thus allowing the graded adsorbents to adsorb adsorbates 

sequentially according to the molecular weight to facilitate desorption of the adsorbents.

Further, the minimum time for each decomposition step in the cycle period of pressure swing 

adsorption is determined by a target adsorbent having the greatest slope of the adsorption isotherm at 

the initial pressure in the graded target adsorbents. The relationship between the minimum time for 

each decomposition step in the cycle period of pressure swing adsorption for each adsorbent and the 

slope of the adsorption isotherm at the initial pressure point refers to the description in the above 

technical solution, which will not be repeated here.

Further, the process timing sequence of the cycle period of the pressure swing adsorption includes 

the steps of adsorption, depressurizing for pressure equalizing, desorption and pressurizing for 

pressure equalizing in a time sequence.

Further, a process flow in which the number of adsorption columns-the number of columns 
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simultaneously in an adsorption state-the number of pressure equalizations is 10-3-4, 12-3-6, 4-1-2,

6-1-2, 8-2-3, 8-2-2, or 9-2-3 is employed.

This embodiment also provide for an adsorbent grading method, providing a simple and feasible 

implementation method for a grading scheme of adsorbents for pressure swing adsorption with a fast 

period.

The fast-period pressure swing adsorption method in the above embodiments can meet the 

requirements of the pressure swing adsorption cycle period of various lengths of time by selection of 

the adsorbents, without the need for an additional process timing sequence to compensate for the 

desorption performance of the adsorbents; and the productivity of the beds for the adsorbents is 

increased, the energy consumption of the regeneration process is reduced, e.g., the amount of purging 

regeneration gas used is reduced, the power consumption of vacuuming is reduced, or vacuuming is 

even omitted, thereby reducing the energy consumption of the whole process, and effectively 

increasing the overall efficiency.

Taking a typical 8-2-2 (i.e., eight adsorption columns, two adsorption columns being 

simultaneously in the adsorption step, and each cycle being subjected to twice depressurizing for 

pressure equalizing and pressurizing for pressure equalizing) process as an example, the pressure 

swing adsorption period is the time from the start of first adsorption in an adsorption column to the 

completion of final pressurizing and being ready for the start of next adsorption, and the time of each 

pressure swing adsorption period is the sum of the times for all the decomposition steps. Referring to 

Table 3, if the time for each decomposition step is 30 s, then the overall pressure swing adsorption 

period is 480 s (8 min). In Table 3, adsorbing represents an adsorption step; pressurizing represents a 

final pressurizing step; depressurizing 1/pressurizing 1 represents a step of first 

depressurizing/pressurizing for pressure equalizing; depressurizing 2/pressurizing 2 represents a step 

of second depressurizing/pressurizing for pressure equalizing; co-current represents a co-current 

depressurization step; counter-current represents a counter-current depressurization step; and purging 

represents a step of purging with a co-current depressurization gas.

Table 3 Decomposition steps for typical 8-2-2 process
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The fast-period pressure swing adsorption method of the present disclosure is described in greater 

detail below by way of specific embodiments, and it should be understood that the embodiments are 

merely illustrative and the present disclosure is not limited thereto.

Embodiment 1 (a specific temperature of 25°C)

For the adsorbate N2, the minimum time corresponding to the three adsorbents (the molecular 

sieve 1, the molecular sieve 2, and the activated carbon 1) in Table 1 is less than 15.10 s, so all the three 

adsorbents meet the primary selection conditions. The molecular sieve 1 having the largest product of 

the slope and the adsorption amount (as shown in Table 2) is further screened from the three adsorbents, 

and determined as a target adsorbent.

Embodiment 2 (a specific temperature of 20°C)

In this embodiment, the composition (volume fraction) of a feed gas includes 1% of nitrogen, 8% 

of methane and 91% of hydrogen, the pressure is 2 MPa, the temperature is 20°C, and a flow rate is 

1000 Nm3/h. The goal is to purify a hydrogen product (a hydrogen purity: 99.999%) from the feed gas 

by using a pressure swing adsorption process.

A purification process in this embodiment is determined to be a typical 10-3-4 process, i.e., 10 

adsorption columns, 3 adsorption columns being used for simultaneous adsorption, and 4 pressure 

equalization processes, with the yield remaining unchanged at 85%, and the material balance is shown 

in Table 4. According to the fast-period pressure swing adsorption method of the present disclosure, an 
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adsorption isotherm and a desorption isotherm of an adsorbent for two adsorbates (nitrogen and 

methane), and the corresponding slope curves thereof are determined. Three adsorbents shown in 

Table 5 can achieve the fast-period pressure swing adsorption process at room temperature.

Table 4 Material balance
Material flow name Feedstock Hydrogen product Tail gas
Flow rate (Nm3/h) 1000 770 230
Pressure (MPa) 2.00 1.95 0.02
Temperature (°C) 20 20 20

(Volume fraction)
Component Feedstock Product Tail gas
H2 91×10-2 99.999×10-2 60.97×10-2

CH4 8×10-2 1×10-6 34.69×10-2

N2 1×10-2 9×10-6 4.33×10-2

Total 100.0 100.0 100.0
Yield (%) 85

Table 5 Determination results for three adsorbents

Absorbent 

type

Slope at an initial 

point for nitrogen 

0.1 MPa nitrogen 

adsorption 

amount

Slope at an initial 

point for methane 

0.1 MPa methane 

adsorption 

amount
Molecular 9 9 ml/g 16 13 ml/g
Molecular 18 13 ml/g 38 20 ml/g
Activated 7 7 ml/g 29 20 ml/g

Based on the above determination results of the adsorbents, the purification of the feed gas to 

prepare hydrogen may be achieved by using one adsorbent, or the hydrogen purification may be 

achieved by using an adsorbent grading method. For nitrogen, the adsorption times for the three 

adsorbents are all less than 15.10 s (or the slopes are all less than 24), so all the three adsorbents meet 

the primary selection conditions; and the molecular sieve 2 with the largest slope and adsorption 

amount is then selected as a target adsorbent. For methane, the molecular sieve 1 has an adsorption 

time of less than 15.10 s (or a slope of less than 24), so the molecular sieve 1 is determined to be a 

target adsorbent. Moreover, since a slope of the molecular sieve 2 is larger, a minimum time 8 s 

corresponding to the molecular sieve 2 is determined as a minimum time for each decomposition step 

of pressure swing adsorption, and thus, the adsorption period can be determined to be about 2.7 min. 

Different adsorbents are selected, and the relationship between the adsorption period and the volume 
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of an adsorption column is shown in Table 6.

Table 6 Applicable adsorption period and adsorption column volume for target adsorbent 

charging scheme
Serial number Absorbent charging Adsorption Adsorption Adsorption 
1 Molecular sieve 

2+molecular sieve 1

2.7 0.12 100%

2

(Prior art)

Molecular sieve 1 10 0.35 100%

The adsorbent charging scheme 1 uses a graded bed composed of a molecular sieve 2 and a 

molecular sieve 1, and the molecular weight of methane is greater than that of nitrogen, so that the feed 

gas is subjected to methane adsorption through the molecular sieve 1 and then nitrogen adsorption 

through the molecular sieve 2 when the adsorbents are graded to be charged. Although the adsorption 

period is determined by an adsorbent having the greatest slope of the adsorption isotherm at the initial 

point, and an activated carbon bed can ensure that methane is completely adsorbed, and is not be 

carried into a molecular sieve bed, thereby maximizing the effects of both adsorbents, and the 

adsorption period is preferably 2.7 min. The grading scheme takes into account the adsorption period, 

and the adsorption amount of the adsorbents to the adsorbates, and exploits the characteristics of each 

adsorbent for different adsorbates, which can achieve an optimal grading process and operation cycle, 

and at the same time, achieve a minimum adsorption column volume.

In summary, in the present disclosure, the target adsorbent for adsorbing one or more target 

adsorbates is inventively selected based on the adsorbent selection method, and then pressure swing 

adsorption is performed on the one or more target adsorbates by using the target adsorbent at the 

specific temperature. Therefore, the operating and production costs of the pressure swing adsorption 

can be reduced by reducing the amount of adsorbents used and optimizing the pressure swing 

adsorption period.

An embodiment of the present disclosure further provides an adsorbent selection system, 

including: a memory configured to store an adsorption isotherm of each adsorbent of a plurality of 

adsorbents absorbing a target adsorbate; and a processor configured to: acquire a slope of an 

adsorption isotherm of the each adsorbent absorbing the target adsorbate at an initial pressure, wherein 

the adsorption isotherm is a curve of an adsorption amount as a function of pressure at a specific 
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temperature; acquire an adsorption amount of the target adsorbate absorbed by the each adsorbent at 

the specific temperature and a specific pressure; and select a target adsorbent for adsorbing the target 

adsorbate from the plurality of the adsorbents according to the slope and the adsorption amount for the 

each adsorbent.

Specific details and benefits of the absorbent selection system provided by the present disclosure 

can refer to the above description of the adsorbent selection method, which will not be repeated here.

An embodiment of the present disclosure further provides a pressure swing adsorption system, 

including: the adsorbent selection system configured to select a target adsorbent for adsorbing one or 

more target adsorbates; and an adsorption device configured to perform pressure swing adsorption on 

the one or more target adsorbates by using the target adsorbent at a specific temperature.

Specific details and benefits of the pressure swing adsorption system provided by the present 

disclosure can refer to the above description of the pressure swing adsorption method, which will not 

be repeated here.

An embodiment of the present disclosure further provides a computer-readable storage medium, 

having stored thereon a computer program which, when executed by a processor, implements the 

adsorbent selection method as described above and/or the pressure swing adsorption method as 

described above.

Optional implementations of the embodiments of the present disclosure are described in detail 

above in conjunction with the accompanying drawings, however, the embodiments of the present 

disclosure are not limited to the specific details in the above embodiments, and many simple variations 

can be made to the technical solutions of the embodiments of the present disclosure within the scope of 

the technical idea of the embodiments of the present disclosure, and these simple variations all belong 

to the protection scope of the embodiments of the present disclosure.

In addition, it should be noted that the specific features described in the above specific 

embodiments can be combined in any suitable manner without contradiction. In order to avoid 

unnecessary repetition, the embodiments of the present disclosure are not further described in various 

possible combinations.

Those skilled in the art will appreciate that all or part of the steps in the method implementing the 

embodiments described above may be performed by instructing related hardware through a program, 

the program is stored in a storage medium and includes a plurality of instructions configured to cause a 

21



single chip microcomputer, a chip or a processor to perform all or part of the steps of the method 

according to the embodiments of the present application. The aforementioned storage medium 

includes various media capable of storing program codes, such as a USB flash disk, a mobile hard disk, 

a Read-Only Memory (ROM), a Random Access Memory (RAM), a magnetic disk, or an optical disk.

In addition, any combination between various implementations of the embodiments of the present 

disclosure may be made, and as long as they do not depart from the idea of the embodiments of the 

present disclosure, they should also be considered as the contents disclosed in the embodiments of the 

present disclosure.
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Claims

1. An adsorbent selection method, comprising:

acquiring a slope of an adsorption isotherm of each adsorbent of a plurality of adsorbents 

absorbing a target adsorbate at an initial pressure, wherein the adsorption isotherm is a curve of an 

adsorption amount as a function of pressure at a specific temperature;

acquiring an adsorption amount of the target adsorbate absorbed by the each adsorbent at the 

specific temperature and a specific pressure; and

selecting a target adsorbent for adsorbing the target adsorbate from the plurality of the adsorbents 

according to the slope and the adsorption amount for the each adsorbent.

2. The selection method according to claim 1, wherein selecting the target adsorbent for adsorbing

the target adsorbate from the plurality of the adsorbents comprises:

determining a minimum time for each decomposition step in a cycle period of pressure swing 

adsorption for the each adsorbent according to the slope for the each adsorbent;

selecting a specific adsorbent from the plurality of the adsorbents according to the determined 

minimum time, wherein a minimum time corresponding to the specific adsorbent is less than or equal 

to a preset time;

determining a product of a slope and an adsorption amount for the specific adsorbent; and

selecting an adsorbent corresponding to the largest product as the target adsorbent.

3. The selection method according to claim 2, wherein determining the minimum time for each

decomposition step in the cycle period of pressure swing adsorption for the each adsorbent comprises:

in a case where a slope of an adsorbent is greater than a first slope and less than or equal to a 

second slope, a minimum time corresponding to the adsorbent is greater than or equal to a first 

minimum time;

in a case where a slope of an adsorbent is greater than the second slope and less than or equal to a 

third slope, a minimum time corresponding to the adsorbent is greater than or equal to a second a 

minimum time;

in a case where a slope of an adsorbent is greater than the third slope and less than or equal to a 
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fourth slope, a minimum time corresponding to the adsorbent is greater than or equal to a third 

minimum time; or

in a case where a slope of an adsorbent is greater than the fourth slope and less than or equal to a 

fifth slope, a minimum time corresponding to the adsorbent is greater than or equal to a fourth 

minimum time,

wherein the first slope, the second slope, the third slope, the fourth slope, and the fifth slope 

gradually increase; and the first minimum time, the second minimum time, the third minimum time, 

and the fourth minimum time gradually increase.

4. The selection method according to claim 3, wherein in a case where the first slope is 1, the 

second slope is 10, the third slope is 20, the fourth slope is 30 and the fifth slope is 50, the first 

minimum time is 0.05 s, the second minimum time is 3 s, the third minimum time is 9 s and the fourth 

minimum time is 24 s.

5. The selection method according to claim 2, wherein determining the minimum time t for each 

decomposition step in the cycle period of pressure swing adsorption for the each adsorbent comprises:= ( )⁄ + ,

wherein T is a preset longest step time in s; and k0 is a slope for the each adsorbent.

6. The selection method according to claim 5, wherein T is less than or equal to 40.

7. The selection method according to any one of claims 2 to 6, further comprising:

determining a minimum time corresponding to the target adsorbent as an adsorption time; and

determining the amount of the target adsorbent according to the amount of the target adsorbate 

introduced into an adsorption column in the adsorption time and an adsorption amount of the target 

adsorbent.

8. The selection method according to any one of claims 1 to 6, wherein the step of acquiring the 

slope of the adsorption isotherm of each adsorbent of the plurality of the adsorbents absorbing the 
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target adsorbate at the initial pressure is performed under the condition that preset preconditions are 

met,

wherein the preset preconditions comprise that: an absolute value of a difference between the 

adsorption amounts of an adsorption isotherm and a desorption isotherm of the each adsorbent for the 

target adsorbate at each pressure is less than or equal to a preset ratio of an adsorption amount of an 

adsorption isotherm.

9. The selection method according to claim 8, wherein the preset preconditions further comprise 

that: the adsorption amount of the adsorption isotherm of the each adsorbent absorbing the target 

adsorbate at each pressure is less than or equal to the adsorption amount of the desorption isotherm,

wherein the desorption isotherm is a curve of a desorption amount as a function of pressure at the 

specific temperature.

10. The selection method according to any one of claims 1 to 6, wherein the specific temperature 

is in the range from 10°C to 40°C.

11. The selection method according to any one of claims 1 to 6, wherein the initial pressure is less 

than or equal to 10 kPa.

12. The selection method according to any one of claims 1 to 6, wherein the adsorbents are 

selected from: a microporous molecular sieve; MOFs; a carbon molecular sieve; a special adsorbent

and silica gel.

13. A pressure swing adsorption method, comprising:

selecting a target adsorbent for adsorbing one or more target adsorbates according to the 

adsorbent selection method according to any one of claims 1 to 12; and

performing pressure swing adsorption on the one or more target adsorbates by using the target 

adsorbent at a specific temperature.

14. The pressure swing adsorption method according to claim 13, further comprising:

in a case where a slope of an adsorption isotherm of the target adsorbent at an initial pressure point 
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is greater than a first preset slope and less than or equal to a second preset slope, controlling a process 

timing sequence of pressure swing adsorption by adopting an integrated rotary valve; or

in a case where a slope of an adsorption isotherm of the target adsorbent at an initial pressure point 

is greater than the second preset slope and less than or equal to a third preset slope, controlling a 

process timing sequence of pressure swing adsorption by adopting a program control valve.

15. The pressure swing adsorption method according to claim 13 or 14, wherein in a case where a 

plurality of target adsorbents are provided, the pressure swing adsorption method further comprises: 

grading the plurality of the target adsorbents, and

performing pressure swing adsorption on the one or more target adsorbates by using the target 

adsorbent at the specific temperature comprises performing pressure swing adsorption on the one or 

more target adsorbates by using the plurality of the target adsorbates graded at the specific 

temperature.

16. The pressure swing adsorption method according to claim 15, further comprising:

setting a minimum time for each decomposition step in a cycle period of pressure swing 

adsorption according to a slope for an adsorbent having a maximum slope of an adsorption isotherm at 

an initial pressure in the plurality of the target adsorbents.

17. An adsorbent selection system, comprising:

a memory configured to store an adsorption isotherm of each adsorbent of a plurality of 

adsorbents absorbing a target adsorbate; and

a processor configured to:

acquire a slope of an adsorption isotherm of the each adsorbent absorbing the target adsorbate at 

an initial pressure, wherein the adsorption isotherm is a curve of an adsorption amount as a function of 

pressure at a specific temperature;

acquire an adsorption amount of the target adsorbate absorbed by the each adsorbent at the 

specific temperature and a specific pressure; and

select a target adsorbent for adsorbing the target adsorbate from the plurality of the adsorbents 

according to the slope and the adsorption amount for the each adsorbent.

26



18. A pressure swing adsorption system, comprising:

the adsorbent selection system according to claim 17, configured to select a target adsorbent for 

adsorbing one or more target adsorbates; and

an adsorption device, configured to perform pressure swing adsorption on the one or more target 

adsorbates by using the target adsorbent at a specific temperature.

19. A computer-readable storage medium, having stored thereon a computer program which, 

when executed by a processor, implements the adsorbent selection method according to any one of 

claims 1 to 12 and/or the pressure swing adsorption method according to any one of claims 13 to 16.
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