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A new approach to modeling of the pressure swing adsorption (PSA) based on a wave method for calculating non-
stationary periodic mass transfer processes is proposed. The analysis of solutions for plants designed to produce oxygen
from air is given. The conditions necessary for highly efficient operation of PSA plants are formulated. The results of
calculations for various brands of zeolites are followed, allowing optimizing a choice of zeolite for the set working
conditions.
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1. INTRODUCTION

A numerous plants, operating on the principle of
pressure swing adsorption (PSA), are present on the market
today. These plants allow the purification and enrichment
of various technical gases, for example, such as nitrogen,
oxygen, methane, hydrogen, and others.

The principle of operation of all modern pressure
swing adsorption installations is analogous to the principle
of operation of the apparatus for separating gas mixtures by
adsorption, patented in 1960 by the American inventor
Scarstrom [1]. Figure 1 shows the scheme and the cycle
diagram of the Scarstrom installation.

The main idea of Scarstrom is that the part of
production gas expands to barometric pressure, and is used
to regenerate the adsorbent. After expansion of a part of
production gas, intended for the regeneration of adsorbent,
its volume is greater than the volume of the compressed gas
entering the unit. Therefore, the partial pressure of
impurity, from which the gas is purified, becomes
substantially smaller than the partial pressure of this
impurity in the incoming gas. Due to this, the almost
complete regeneration of the adsorbent is achieved.

Modern installations, working on the principle of
pressure swing adsorption, make it possible to obtain
products of high purity. So, for example, in the units for
oxygen production from air, it is possible to obtain oxygen

with a purity of more than 90% and at the same time have
an extraction ratio of about 40% [3,4,5,6].

It is customary to assume that the operation of PSA
units for production of the oxygen is based only on the
difference in the adsorption of various air components
[2,3,4,5]. So, for example, synthetic zeolite grade CaX
(analogue of zeolite 5a), which can be used in plants for
production of oxygen by the PSA method [3, 7, 8], actually
absorbs nitrogen about three to five times more active than
oxygen. But, strictly speaking, this does not mean that the
operation of the PSA installations is based on this
difference. In fact, this hypothesis has never been
questioned, since it is considered quite obvious.

To understand the essence of the problem, considered
in this paper, let's conduct a simple thought experiment.

We take 1 m® of air at the absolute pressure of 6 bars
and let it pass through a layer of ideally regenerated zeolite
of the brand CaX, absorbing nitrogen about five times more
active than oxygen. The equations of adsorption isotherms
of oxygen and nitrogen for the given zeolite are taken from
the review [4].

Graphs of changes in the partial pressures of oxygen
and nitrogen as the gas moves in the layer of zeolite are
shown in Figure 2. As can be seen from these graphs, the
partial pressure of nitrogen actually falls faster than the
partial pressure of oxygen, but nitrogen in the air is about
four times larger than oxygen.

33


http://creativecommons.org/licenses/by/4.0/

XonogunbHa TexHika Ta TexHonoris, 54 (3), 2018

P
la
T
P
1b
T

Pressure, bar
N a1 [e)] ~

N W

=

0

34

Figure 1. Schematic diagram and cyclogram of
operation of the Scarstrom patent air drying unit.
1 —adsorber; 2,5 — solenoid valves; 3,4 — check
valves; 6 — throttle;
P is the pressure; t is the time
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Figure 2. Absorption of nitrogen and oxygen in
the layer of the brand CaX zeolite.

1 is the total pressure of the mixture;

2 is the partial pressure of nitrogen;

3 is the partial pressure of oxygen.

oxygen and nitrogen, corresponding to a 50% oxygen
concentration, is achieved only at absolute air pressure of
about 1.75 bar. In other words, to achieve an oxygen
concentration of 50%, the adsorbent must absorb about
75% of the original air. The maximum oxygen
concentration that can be obtained at the outlet of such
adsorber at the pressure of 1 bar is approximately 60%. But
in this case the oxygen recovery ratio from the air will be
close to zero.

Moreover, regeneration of the adsorbent with a gas
with nitrogen concentration close to 50%, does not allow
completely regenerate this adsorbent, therefore in the next
cycle the partial pressure of nitrogen at the outlet from
adsorber will be even higher. Consequently, the production
of oxygen with a concentration of more than 50% only due
to the difference in the adsorption of oxygen and nitrogen
by the zeolite of CaX is very problematic.

This simple example clearly shows that an only
difference between adsorption from oxygen and nitrogen is
not sufficient to produce 90% oxygen with a recovery ratio
of about 40%.

Firms producing equipment with such high technical
characteristics are in no hurry to share methods of
calculation and experience in developing such installations
with potential competitors. Therefore, they publish only
promotional materials, which contain a minimum of
technical details about the work of the plants they produce.

On the other hand, dozens of scientific publications
exist in the open access, which describe, in fact, the same
mathematical model of pressure swing adsorption, built
using the diffusion equation in a moving gas component [9,
10, 11, 12].

None of these publications mention any effects, due to
which it is possible to achieve such high technical
parameters as are available in the best examples of
industrial installations. Nevertheless, this does not prevent
authors of publications from declaring good agreement
between the calculating results and available experimental
data.

In this paper, an attempt has been made to construct a
mathematical model of PSA for obtaining oxygen from air,
based on the previously proposed theory of wave
adsorption. This approach allows us to explain the effects
that make it possible to achieve such high technical
indicators as are available in modern PSA installations. In
addition, the proposed mathematical model makes it
possible to clarify the requirements for adsorbents that are
necessary for the efficient operation of PSA installations.

2. CONSTRUCTION OF A WAVE
MATHEMATICAL MODEL OF PSA

For an analytical description of the kinetics and
dynamics of adsorption, let us use the model of wave
adsorption given in [13,14]. This model makes it possible to
calculate nonstationary adsorption processes with a variable
composition of a gas at the inlet to the adsorption apparatus.

In the mathematical description of the process of a gas
mixture adsorption, as in [13], the following pattern of
component propagation in a porous layer of an adsorbent is
adopted.

The component of interest to us will be considered
dissolved in an unadsorbed carrier gas, which is filtered at a
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constant rate through the adsorbent bed. The use of a carrier
gas in the mathematical model is equivalent to accepting
the assumption that there is no longitudinal mixing of a gas
moving in the adsorber. In addition, the carrier gas, which
moves at a constant speed, is using as a moving reference
frame, relative to which the phase shift of the concentration
of the absorbed component is determined. Therefore, the
carrier gas is an abstract element in the mathematical model
under consideration and its presence is not necessary for the
physical realization of this model.

Near the contact points of the adsorbent grains, are
formed stagnation zones, where the gas is practically
stationary. The main flow of the carrier gas with the
dissolved component passes through a chain of cavities and
voids in the space between the grains of the adsorbent.
Thus, the entire space in which the adsorbent is located is
mentally be split into two parts: a fixed frame of adsorbent
grains with adjoining stagnant zones, and a system of
interconnected voids and channels in which the carrier gas
with the dissolved component moves.

In the fixed frame, the propagation of the component
which we are interested is basically due to molecular
diffusion in the carrier gas.

In the system of channels located between the
adsorbent grains the component is transferred mainly due to
convection.

In the proposed formulation of problem, transfer of
the component of interest to us from the fixed frame to the
moving carrier gas is considered as a drain of this
component in the problem of molecular diffusion of a
component in a stationary framework. Convection of the
same component in channels with a moving carrier gas is
described by a separate equation of the material balance of
the component.

Taking into account the above, the molecular
diffusion equation in a fixed frame can be written in the
form:

2 2
0°C(x,Y,7) +D o°C(x,y,7)

De OX? SOV

- B-F[C(x,y,7)-Cg(x,7)]= (1)
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_(E) ot ’

where C(X,y,1) is the current molar concentration of
the component in the fixed frame (gas located in the
adsorbent pores and stagnant zones, around the adsorbent
particles), [m*/m”];

Co(x,r) is the current molar concentration of the
component in question in a moving carrier gas, [m*/m?];

[ is the mass transfer coefficient between the gas of
the fixed frame and the gas moving in the cavities between
the grains of the adsorbent, [m%/(s-m?)];

F is the specific contact surface of the fixed frame
and the moving carrier gas, [m?/m°];

De is the equivalent value of the sorbate diffusion
coefficient in the grain of the adsorbent, taking into account
the diffusion features in the porous body — the relative pore
volume, the variable pore cross section, the presence of
dead-end pores, etc., [m?/s].

(da) — K is the dimensionless form of the Henry
dc ¢

constant for the component absorbed by the adsorbent,
where a is the adsorption of gas, expressed in cubic meters
of sorbate per 1 m* of bulk volume of the adsorbent.

In the recorded diffusion equation of a component in a
fixed frame, the Henry constant is present. This means that
in the proposed mathematical model, a linear model of
adsorption of gas by an adsorbent is adopted. The
adsorption isotherm corresponding to this model is known
as the Henry isotherm.

The material balance of the component in question in
the elementary volume of the carrier gas moving along the
system of cavities between the grains of the adsorbent can
be written in the form of a one-dimensional differential
equation:

B-F[C(x,6,7) - Cg(x,7)]=
dCg(x,7) . 2
dx '
where G is the molar flow rate of the carrier gas
mixture with the dissolved component, referred to the unit

cross-section of the adsorbent bed, [m?/s].
0 is the characteristic grain size in the adsorbent bed,

-G-

[m].

These two equations, when combined, allow us to
find the distribution of the concentration of the component
in a moving carrier gas and in a fixed frame.

Since the specific surface of the immovable frame is
used in the mathematical model, which can be assumed to
be equal to the surface of the adsorbent grains per unit
volume of the adsorbent F, then together with the
characteristic grain size of the adsorbent 6, this makes it
possible to accurately take into account the shape and sizes
of the adsorbent grains used.

In this paper we consider the steady-state periodic
adsorption process. Therefore, the gas flow at the inlet to
each adsorber of the PSA unit can be represented as an
infinite periodically repeating concentration signal. It is
known from mathematical analysis that any periodic signal
can be represented as the sum of an infinite series of
harmonic oscillations. Therefore, knowing the shape of the
concentration signal entering the adsorber, it is possible to
expand it into a Fourier series in the natural frequencies of a
given adsorption apparatus. These frequencies of the
concentration waves are called the eigenfrequencies of the
adsorption apparatus, because a whole number of waves fit
along the adsorber length.

In the author's paper [14], the analytical solution of
the system of equations (1) and (2) is given for any
eigenfrequencie concentration wave. This solution is the
wave with the same frequency and amplitude, but lagging
behind the phase from the wave at the entrance to the
adsorber (see Figure 3). Moreover, this lag depends both on
the parameters of the adsorber, and on the frequency of the
incoming wave. Therefore, at the exit from the adsorber,
the shape of the periodic concentration signal is blurred.

Since the amplitude of each natural wave at the input
and output is the same, the material balance of the adsorber
is automatically satisfied.

The sum of the analytical solutions obtained for
individual concentration waves at the exit from the adsorber
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gives an analytical solution to the problem of passing a
periodic concentration signal of arbitrary shape through an
adsorber. An example of solving the problem of passing a
periodic concentration signal through an adsorbent layer is
considered in the author's paper [14].

But to build a mathematical model of a PSA
installation this is not enough, since the gas flow in the
adsorber of the PSA unit moves alternately, first in one
direction and then in the other. This problem can be solved
by using the linearity of the system of equations (1) and (2).

As is known, if there are two particular solutions of a
system of linear homogeneous differential equations, then
the sum or difference of these solutions will also be a
solution of this system of differential equations. Therefore,
in order to build a mathematical model of the PSA
installation, it is possible to combine the solution for the
direct flow of to be separated mixture with the solution for
the regenerating gas flow moving in the opposite direction.

Since the sum and difference of the solutions of the
problem for the direct flow of the separated mixture and the
problem for the regenerating gas flow are mathematically
equivalent, this means that the system of differential
equations (1) and (2) with alternating motion of the gas,
have two solutions. Which of these solutions will be
implemented is determined by the initial conditions.

The PSA installation is a complex self-oscillating
system with nonstationary processes and flows. Therefore,
the modelling and calculations of such installations should
be carried out on the basis of the conceptual apparatus and
methods of the theory of dynamical systems.

In terms of the dynamical systems theory, the steady-
state operating mode of a PSA installation with repeated
oscillations of concentrations and pressures of components
is usually called the limit cycle. The different starting
modes of PSA installation in which the concentrations and
pressures of the components of the mixture to be separated
do not repeat, in the limit, lead to the same steady-state
operating mode of the plant - to its limit cycle.

In the dynamical systems theory, objects with several
limit cycles are also known. The initial conditions under
which the system can go to several limit cycles are called
bifurcation points.

Consequently, the adsorber of the PSA installation
through which alternately passes the carrier gas with the
adsorbed component and the counter flow of the
regenerating gas has two steady-state operating modes or
two limit cycles in the terminology of the theory of
dynamical systems.

One limit cycle is achieved when the PSA unit is
started with the completely regenerated adsorbent. In this
case, when a carrier gas mixture with the absorbed
component passes through the adsorber, the component will
be actively absorbed and an almost pure carrier gas will
leave the adsorber. The regenerating gas, which in this case
is a practically pure carrier gas, will wash out the absorbed
component from the adsorber. As a result, the absorbed
component will practically not pass through the PSA
installation.

The second stable operation mode of the PSA
installation will be realized if, before starting the
installation, the adsorbent will saturated with the absorbed
component. In this case, as the carrier gas and adsorbed
component passes through the adsorbent bed, the
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component will not be absorbed by the adsorbent, since it is
already saturated with this component. Therefore, a gas will
leave the PSA unit with very nearly the same content of the
component as in the input of this installation. If such gas
will used to regenerate the adsorbent, the content of the
component in the adsorbent will also remain unchanged.
Consequently, in this mode, the absorbed component, on
the contrary, will easily pass through the PSA installation.

It should be noted that both described operating
modes can be implemented on the same installation with
the same adsorbent. The transition from one stable state to
another will occur when at the moment of starting the plant
a certain degree of saturation of the adsorbent is reached.
This degree of saturation of the adsorbent with the absorbed
component, in terms of the theory of dynamical systems,
will be a bifurcation point from which, as a result of
negligible deviations, any of the two operating modes of the
system can be achieved.

If we consider atmospheric air as a mixture of two
components: nitrogen and oxygen, then for the simulation
of a PSA unit intended, for example, to obtain oxygen, it is
necessary to separately consider absorption processes of
oxygen and nitrogen. In this case there will be not two but
four initial conditions.

The first mode, the easiest from the point of view of
analysis, when starting the installation the adsorbent is
completely regenerated both for oxygen and nitrogen. This
case is discussed in detail in the introduction to the article.
In this mode, the oxygen concentration at the outlet of the
plant is determined by the difference in the adsorption of
the components of the mixture supplied to the inlet of the
adsorber. If, for example, nitrogen is absorbed several times
more active than oxygen, then at the outlet of the unit, air
enriched with oxygen to a concentration of 50-60% will be
obtained.

Perhaps it was in this mode the pilot installation of the
PSA, created in the USSR in 1980 and described in the
review [4], was working. The installation produced
approximately 5 m%h of air enriched with oxygen to the
concentration of 50%. Such a low concentration of oxygen
can be explained by the fact that the installation was created
in accordance with the ideas that are available in the open
access.

This, and not the low selectivity of the adsorbents
used, apparently explains the low efficiency of the first
PSA plants for producing oxygen [2].

The second possible operating mode of the PSA plant
is, when the unit starts working with the adsorbent
completely saturated with nitrogen and oxygen. In this case,
the oxygen concentration at the outlet of the adsorbent bed,
as in the previous case, will be determined by the difference
in adsorption of separated components of mixture. It is not
difficult to see that in the first and second operating mode
of the PSA installations, an equally low oxygen
concentration will be obtained — 50-60%. Therefore, both
considered cases are of no practical interest.

The third operating mode of the BKA installation is
obtained when, when switched on, the adsorbent is
saturated with oxygen and regenerated for nitrogen. In this
case, from the air entering the adsorber, nitrogen will be
actively absorbed, but practically all of the oxygen will pass
through the adsorber. As a result, practically pure oxygen
will leave the adsorber. If part of this gas is sent to
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regenerate the adsorbent, even after it is expanded to near
atmospheric pressure, the oxygen partial pressure in the
regenerating gas will also be quite high. If, for example, the
pressure of the incoming air is 5 bar, then the partial
pressure of oxygen in such air will be approximately 1 bar.
Therefore, during the operation of the unit, degree of the
adsorbent oxygen saturation  will be little changing.
Consequently, the almost complete saturation of the
adsorbent with oxygen during the operation of the PSA is a
necessary condition for achieving high values of the oxygen
recovery factor.

A completely different picture holds for nitrogen.
Since the regenerating gas contains little nitrogen, the
adsorbed nitrogen will effectively be carried away from the
adsorbent by the regenerating gas.

Obviously, in this operating mode of the PSA unit it is
possible to obtain practically pure oxygen in a relatively
large amount.

If during the shutdown of the installation, its
adsorbers are filled with oxygen, then after the start-up,
such an installation very quickly enters the regime of
obtaining practically pure oxygen.

And, finally, the fourth case, when the PSA unit starts
working with the adsorbent saturated with nitrogen and
regenerated for oxygen. In the same way as it was shown in
the previous case, it can be concluded that at the output of
such an installation there will be practically pure nitrogen.
And for this it is not necessary at all that the absorption of
oxygen by the adsorbent used in the installation is greater
than the adsorption of nitrogen.

In modern installations for obtaining nitrogen from
the air using pressure swing adsorption technology,
activated carbon is usually used as an adsorbent, despite the
fact that activated carbon, in a statics, adsorbs nitrogen
better than oxygen. It is believed that air separation in this
case occurs due to differences in the kinetics of oxygen and
nitrogen adsorption on activated carbon. Indeed, if the
duration of the adsorption process less than one minute,
oxygen is absorbed by activated carbon about ten times
faster than nitrogen. But by calculation similar to that given
in the introduction, it is not difficult to show that this is not
enough to obtain nitrogen purity of 99.9% or more.

Therefore, to obtain a high concentration of air
separation products, it is not necessary to have an adsorbent
with a large difference in the statics of adsorption of
oxygen and nitrogen. This difference in adsorption is
necessary only to bring the installation to the required
operating mode.

If the Henry constant for nitrogen adsorption is much
larger than the Henry constant for oxygen adsorption, the
bifurcation point will be below 21% of oxygen. In this case,
when compressed air is supplied to the PSA input at its
outlet, the oxygen concentration will increase after each
cycle until it reaches the limit cycle or steady-state
operation of the unit with a high oxygen concentration at
the outlet.

Likewise, for PSA plants designed to produce
nitrogen, a high oxygen absorption rate makes it possible to
enter a regime with a high nitrogen concentration, despite
the fact that in the static, activated carbon adsorbs nitrogen
better than oxygen.

It remains to answer the question of, why argon in the
separation of air using the PSA technology is practically all

comes together with oxygen, despite the fact that the
adsorbent is not specially saturated or regenerated by argon.

This is explained by the fact that argon is adsorbed on
the same active centers of the adsorbent surface that oxygen
and, therefore, competes with oxygen for this active sites.
As a consequence, when adsorbent is saturated with oxygen
the adsorption of argon by this adsorbent decreases. In
other words, saturation of the adsorbent with oxygen is
equivalent to its saturation with argon. Therefore, if oxygen
passes through the adsorber almost unobstructed, then
argon will easily pass through the same adsorber, and,
conversely, if the adsorber absorbs oxygen, it will also
actively absorb argon.

It follows that the necessary condition for the efficient
operation of the PSA unit is the adsorption of the
components of the mixture at various active centers on the
surface of the adsorbent. An external manifestation of this
is the independence of adsorption of one component from
the degree of saturation with other components of the
mixture. In fact, it is during the adsorption of molecules of
separated gases at various active centers of the adsorbent
surface that a gas mixture is separated in the PSA facilities.

On the other hand, as shown in the example
considered in the introduction, even a significant difference
in the binding energy of molecules of adsorbed gases by the
surface of the adsorbent, the manifestation of which is the
difference in the absolute value of the adsorption of gases
by this adsorbent, does not provide an efficient separation
of the gas mixture.

3. RESULTS OF CALCULATIONS FOR THE
MATHEMATICAL MODEL OF PSA

According to the mathematical model described
above, calculations were made of the PSA unit for
obtaining oxygen. As adsorbents, CaX, Oxysiv 5 and
Oxysiv 7 zeolites have been chosen. The last two brands of
zeolites have been developed in the Linde Air Products
Division Laboratories specifically for use in PSA plants for
oxygen production. Adsorption isotherms for these zeolites
are taken: for CaX from the review [4], and for zeolites
Oxysiv 5 and Oxysiv 7 from [15, 16, 17, 18, 19]. Figure 4
shows the isotherms of adsorption of nitrogen and oxygen
for zeolites of the brands CaX, Oxysiv 5 and Oxysiv 7.

The length of the adsorber in all calculations is taken
equal to 0.5 m, the period of the adsorbers switching is
assumed equal to 120 s, the characteristic grain size of the
adsorbent is 1 mm. At the plant inlet, a mixture of nitrogen
and oxygen is supplied at an absolute pressure of 7 bars,
and with an oxygen concentration of 21%. All other
parameters of the installation: the gas velocity in the
adsorbers, the bulk weight of the adsorbent, the temperature
of the adsorbent, and the like. adopted the same.

To simplify the analysis and interpretation of the
calculation results, the mathematical model did not take
into account the gas transfer between the adsorbers during
their switching. If necessary, the gas transfer between the
adsorbers can be easily taken into account, presetting the
time of this operation.

Figure 5 shows the calculated graphs of the
dependence of the oxygen concentration at the output from
the PSA plant on the oxygen recovery ratio.
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recovery ratio during the operation of the
PSA on zeolites of the brands CaX,
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Llis the CaX zeolite; 2 is the Oxysiv 5
zeolite; 3 is the Oxysiv 7 zeolite

The first thing to note is that the mathematical model
makes it possible to explain the mechanisms by which
oxygen concentrations greater than 90% are achieved with
recovery ratio of more than 30%. With the CaX zeolite, an
oxygen concentration of 80% was obtained at a recovery
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ratio of 35%. This significantly exceeds the result of the
absorption of oxygen and nitrogen by a completely
regenerated adsorbent, considered in the introduction.

It should be noted again that these results are achieved
without taking into account the stage of equalizing the
pressure in the adsorbers when they are switched. It is quite
obvious that as a result of taking into account the gas
bypass when switching adsorbers, the oxygen recovery
ratio of PSA unit will increase.

This conclusion has experimental confirmation. The
review [4] refers the results of the special study of PSA
installations for producing oxygen, according to which the
pressure equalization stage allows to reduce the energy
consumption for obtaining the oxygen from 2.12 kWh/m® to
0.51 kWh/m®. Therefore, taking into account the stage of
pressure equalizing in the adsorbers, a calculated values of
the oxygen concentration and oxygen recovery ratio will be
even a higher, i.e. will be approximately the same as in
industrial PSA installations.

Similar results are given in [20].

Calculations also show that adsorbents with a higher
ratio of nitrogen and oxygen adsorption are not necessarily
the best for PSA facilities. In the considered example, in
case of the CaX zeolite, this ratio is higher than that of the
Oxysiv 5 zeolite, however, the Oxysiv 5 zeolite gives
significantly better oxygen production results than the CaX
zeolite in the selected operating mode of the plant.

Pressure swing adsorption units, which are dynamic
self-oscillating systems, have a complex behaviour. If for
linear systems one can formulated statements similar to
that: if one parameter is increases, then other parameter
decrease or, on the contrary, increase, then for dynamical
systems this is not so.

If you change any parameter in the adsorption phase,
this will lead to a change in the parameters in the
regeneration phase, and the change the parameters in the
regeneration phase, in turn, affects the parameters of the
adsorption phase. Therefore, in modelling the operation of
PSA plants, it is necessary to consider entire working
process as a single unit. The working process of a PSA
installation can not be divided into separate phases, which
can be analyzed separately.

This is fundamentally different from the existing
practice of engineering calculations and design of
technological processes, which is based on the
dismemberment of complex processes into simpler parts
that can be analyzed separately.

The wave approach to the consideration and
calculation of a PSA plants is ideally suited for these
purposes, since all phases of the plant operation are
considered as a single whole, and as a result of the
calculations, the parameters of the limiting cycles of a PSA
unit are directly determined.

Exclusion from consideration of transients using the
wave approach to the calculation of a PSA plants is a big
advantage of this method, as this dramatically simplifies
calculations.

4. CONCLUSIONS
A necessary condition for the efficient operation of

the PSA unit is the adsorption of the separated components
of the mixture at various active centres of the adsorbent
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surface. An external manifestation of this property of the
adsorbent is the independence of adsorption of one
component from saturation degree with other components
of the mixture.

Even a significant difference in the binding energy of
molecules of adsorbed gases with the adsorbent surface, the
external manifestation of which is the difference in the
absolute value of the adsorption of gases by this adsorbent,
does not provide an effective separation of the gas mixture.

The wave approach to the analysis and calculation of
the PSA processes makes it possible to find an analytical
solution of a system of differential equations describing the
operation of the adsorption apparatus. An analysis of the
obtained solution indicates that this system of equations has
several solutions, in the case of separation of a
multicomponent mixture.

The mathematical model developed on the basis of
the wave approach to the analysis and calculation of the
PSA processes makes it possible to explain the mechanisms
by which high oxygen concentrations are achieved with a
recovery ratio of more than 40% in the best industrial
designs of PSA plants.
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