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Abstract: The article analyzes methods for restoring the absorption capacity of
zeolites for adsorption drying of natural gases and gives recommendations for their
improvement.
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Introduction

In recent decades, there has been a tendency to increase the production and
processing of natural gas from gas condensate fields with a complex composition
containing liquid hydrocarbons, moisture, carbon dioxide, hydrogen sulfide and
sulfur-containing compounds, and other impurities. The water content in gas
increases with increasing temperature and the content of heavy hydrocarbon
components, carbon dioxide, hydrogen sulfide and mercaptans. Even a small amount
of moisture in gas increases corrosion of equipment, especially when the raw material
contains acidic components, causes the risk of gas hydrates, and reduces the calorific
value of flammable gases. Therefore, one of the main standardized indicators of
hydrocarbon gas is its moisture content.

Materials

The desorption process consists in the separation of adsorbate molecules due to
the weakening of adsorption forces, diffusion inside the adsorbent pores to the outer
surface, diffusion from the adsorbent surface into the desorbing gas flow, and
entrainment from the adsorbent layer. Depending on the conditions of the desorption
process, any of the indicated elementary acts can limit the overall rate of the
process.With the continuous movement of the zeolite in the apparatus and under
certain process parameters (velocity of the zeolite, the velocity of the steam-gas flow,
the concentration of water vapor in the flow), adsorption of water vapor occurs in the
frontal layer of the zeolite and desorption of the target components adsorbed in the
middle and trailing parts of the layer. [1].

To create the required concentration of water vapor in the steam-air flow, the
purified air was saturated in the humidification unit. The initial concentration of CO2
was created by diluting concentrated CO2 coming from the cylinder; the
concentration of benzene and alkanes vapors of a normal structure in a stream of dry
air was created by evaporating these substances in a temperature-controlled "goose".
A continuously moving zeolite layer was regenerated in a column apparatus with an
average residence time of the adsorbent in the apparatus equal to 4 hours or more
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(depending on the speed of movement of the zeolite in the apparatus), at a bed
temperature of 400 °C in a stream of air heated to 350-400 °C with a dew point (-60)
h-(-70) © C, supplied by a countercurrent at a speed of 0.025 m /s. [1,2].

The speed of movement | Initial concentration | Initial CO2 | The degree of filling of Degree of
of the zeolite in the  |of water vapor in the [concentration in| the adsorption space with | displacement, %
apparatus, cm/ h gas stream, mg/l | the gas stream, | water vapor, %(macc.) (wt.)
%(00beMH.)
9,5 7,5 5,0 96,0 99,98
9,8 7,5 5,0 92,0 99,70
10,2 7,5 55 88,0 99,55
13,6 8,0 54 71,0 99,35
15,9 8,0 4,6 61,0 98,55

Table 1. Displacement desorption of CO2 from NaA zeolite by water vapor (steam-
air flow velocity w - 0.5 m/s)

Desorbed benzene, normal alkanes, and water were condensed in three
condensers connected in series: the temperature was maintained at minus 23°C in the
first one, and minus 75°C in the second and third. The amounts of desorbed
components were determined from the volume of the condensate; the amount of
desorbed CO2 was found by graphical integration of the area bounded by the curve of
change in CO2 concentration in the gas flow during desorption. [1,3].

The change in the degree of CO2 displacement depending on the filling of the
adsorption space of the NaA zeolite with water vapor is given in Table 1, from which
it follows that when the adsorption space is filled with water vapor by 61%, the
degree of CO2 desorption at a gas flow temperature of 20 °C reaches 98, 5%, and at
96% filling of the adsorption space - 99.98%.[2].

The results of studying the low-temperature desorption of normal alkanes
(hexane, heptane, octane and decane) from NaX zeolite by water vapor at a carrier
gas velocity of 0.344 m/s are given in,
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Change in the degree of filling of the adsorption space of the NaX zeolite with
water vapor depending on the molecular weight of normal alkanes during their
complete desorption:
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A -is the degree of filling the adsorption space of the zeolite with water vapor.

B- is the molecular weight of normal alkanes

The data show that the complete displacement of alkanes of normal structure
from NaX zeolite by water vapor occurs at different degrees of filling the adsorption
space of the zeolite with water vapor. In Fig. 5. The dependence of the change in the
degree of filling of the adsorption space of NaX zeolite with water vapor on the
molecular weight of alkanes of normal structure during their complete low-
temperature desorption is presented. It follows from the figure that complete
desorption of alkanes adsorbed on NaX zeolite is achieved at a degree of filling of the
adsorption space of the zeolite with water vapor equal to 0.71-0.72 for hexane and
0.9-0.91 for decane.

Methods

As an exception, sometimes, for example, in the processes of separation of high-
molecular-weight hydrocarbons, the method of desorption by a worse adsorbing
substance is used. In this case, the desorbent acts as a dynamic agent, lowering the
partial pressure of the adsorbate, and is simultaneously sorbed on adsorbents,
gradually displacing hydrocarbons from them. Desorbent hydrocarbons are easily
displaced in subsequent dewaxing steps. Thus, when developing the stage of
displacement desorption, it should be remembered that the desorbent must not only
effectively displace the adsorbate, but also be easily removed later on. This method is
used for adsorption processes carried out on zeolites. The increased adsorption
activity of zeolites for water vapor makes it possible to use it as an ideal displacing
component (desorbent) at relatively low temperatures. [1].

Results

Thus, the research results show that the method of low-temperature desorption
using a water vapor displacer as a component makes it possible to isolate target
components from zeolites in a continuous way, and the process of restoring the
adsorption properties of zeolites with respect to target components can be reduced to
the process of thermal desorption of water vapor from zeolites, using as a coolant, for
example, combustion products of gaseous fuel.

Conclusion

In the experimental process, the zeolite is regenerated in the ampoule, and as the
frequency of the amount of desorbed water increases, the power of the zeolite is
increased. Electric furnace with heating of the adsorbent and regeneration of the
adsorbent at any temperature in the range of 20...400°C. Regeneration can be
provided both at atmospheric pressure and at a pressure reduced to 1 Pa.
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