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Annomauyua. The differential heat, isotherm, differential entropy, and term kinetics of
carbon dioxide adsorption on CasNasA zeolite are measure at 303 K. Based on the results
obtained, the mechanism of water adsorption in CasNasA zeolite from initial filling to
saturation is described in detail. The adsorption isotherm was described using the MXTN
(Theory of volume saturation of micropores equation).

1. INTRODUCTION.

Natural and synthetic zeolites with molecular porosity properties are used widely as
adsorbents. Synthetic zeolites are molecularly porous, aluminosilicate, microporous
adsorbents, which not only have selective adsorption but also differ in their size and ability to
absorb substances. Characterized by a stable crystalline structure and a large surface area.
Zeolite pores are spherical cavities connected by canals. At present, industrial enterprises
produce different brands of zeolites, which differ in cations and porous sizes. [1]

Zeolites are characterized by a very high rate of moisture assimilation. A high degree of
drying is maintained at almost the entire stage. The increase in moisture at the end of the
phase makes it important to use solid adsorbents. [2].

The main component of natural gas is methane. Soon, methane will be considered the
transitional feedstock in the production of petrochemicals. This includes a decrease in oil
reserves, an increase in natural and associated gas reserves, and biogas production, and in
particular the production of hydrocarbons such as ethylene and propylene from methane [3].
The fact that the RHO zeolite (Si/Al = 3) is bonded to eight rings (D8R) to form large voids
indicates that it is composed of aluminosilicates [3]. In the center of the zeolite, a large cavity
is formed in the form of a cubic octahedron [5].

[leonuT CTpyKTypacuHH Ty3WIUIIUAa B-OYIUIMKHU TAIIKWJ KWIraH oiThTa Xaika (6R) Ba
XaJKaJapHH TyTamTHpHO TypyBuH TYpT Xankanu (4R) kyomap cakku3z xankanu (8R), a-karra
OVmmMKHM  Tamkwil Kuinaad. Kartrapok wmonekynamap (8R)  OYmmK  opkamu  YTHO
ancopoumstmanaau [6-10]. The six-ring (6R) and four-ring (4R) cubes connecting the rings
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that form the b-cavity in the zeolite structure form a large eight-ring (8R) cavity. Larger
molecules (8R) are adsorbed through the cavity.

The ability of molecules to penetrate pores depends on the type, location, and deformation
process of the cations [11-13]. When water molecules are adsorbed, they penetrate the pores
of the adsorbent and also help determine the adsorption volume and acidic properties of the
adsorbent [14-18]. In the hydrated composition, less conformational changes are observed
than in the dehydrated structure of the adsorbent [19]. Due to the hydrophilicity of the RHO
zeolite, H2O significantly affects the stability of the adsorbent composition [20-22].

The enthalpy of adsorption is determined using calorimetric measurements obtained with a
Tian-Calvet calorimeter [23] and the isostatic enthalpy of adsorption.

By studying the adsorption properties of zeolites, their adsorption isotherms, thermodynamic
and kinetic functions are determined [24-30].

2. RESEARCH METHODS AND OBJECTS.

For microcalorimetric studies, we used a type A synthetic zeolite CasNasA (Si/Al=1). The
composition of the elemental cells of zeolite obtained for the study is CasNasA - CasNay
[(AlO2) 12 (SiO2) 12] 27H20. Absolute water was selected for adsorption on CaiNasA
zeolite. The CasNasA zeolite was carried out in a high-vacuum adsorption microcalorimetric
device when determining the adsorption of water [31-32].

The adsorbates were first frozen and then purified using a vacuum pump and zeolites. The
microcalorimeter allows you to measure the heat energy released over a long period. The
determination of adsorption measurements was carried out in a high-vacuum adsorption
device and was calculated by the capillary method. Swallowing small amounts of adsorbates
increases the accuracy of adsorption measurements.

3. RESULTS AND DISCUSSIONS.

The amount of water adsorption (N) on the CasNasA zeolite was expressed in the unit cell of
H>0, and the pressure isotherm from initial saturation to saturation was expressed in units of
In(p/p0). In fig. 1 shows the adsorption isotherm (In) of water adsorption on the CasNasA
zeolite at a temperature of 303 K at a relative pressure of ~ 10-6 p/p° (p is the water vapor
pressure, p° (303K) = 4.42 kPa). The adsorption isotherm was studied in several stages. At
the initial stage, the isotherm of water adsorption in the CasNasA zeolite is primarily equal to
In (p/p °) = - 14.26, r-0.0000006344 millimeters of mercury, and the adsorption value starts
from N = 0.28 H2O/e.ya. From the small value of the relative pressure, it is known that the
water molecule penetrates the micropores of the zeolite. From the small value of the relative
pressure, it is known that the water molecule penetrates the micropores of the zeolite.

The adsorption isotherm tends to the adsorption axis in the range from In (p/p°) = -14.26 to In
(p/p°) = - 11.71, where the degree of adsorption is N = 13.15 H,O/e. Here the adsorption
pressure is in the range from r-0.0000006344 mm.Hg to r-0.000008215 mm.Hg. Then the
graph of the isotherm partially rises vertically, reaching N = 8.35 H>O / eya, and the
logarithm of the isotherm is In (p/p°®) = - 10.39, where the adsorption pressure is from r-
0.000008215 mm.Hg range 0.00097 mm.Hg. Phase water molecules with adsorption amount
up to N = 8.35 HxO / pc. They are firmly attached to the pores of the zeolite, and the
adsorbate molecules are inert. The adsorption isotherm then continues, as in the previous
stages, and at In (p/p°) = - 8.65 relative to the adsorption axis and In (p/p°) = - 7.56, the
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isotherm graph rises vertically. At the end of this stage, the adsorption axis tends to In (p/p®)
= - 3.24 and In (p/p°) = - 0.65, and the adsorption isotherm is vertical at In (p/p °) = - 0,
sixteen.

In adsorption processes up to In (p/p®) = - 3.24 water molecules form monomeric and dimeric
complex compounds with cations Ca*? and Na* in zeolite. Consequently, isotherm values up
to this value occur in the order in which the stages of the adsorption process occur. Then
water molecules fill the pores of the zeolite, and saturation approaches the vapor pressure.
The adsorption of water in CasNasA molecular sieves was redefined using the three-
dimensional equation of the volumetric theory of micropore saturation [33—34].
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Figure 1. Adsorption value of water adsorption isotherm in zeolite CasNasA at 303 K; Points

are calculated using the formula A-MXTN (Theory of volume saturation of micropores)

N = 18,958exp[A/26,14)*]+1,772exp[A/20,17)°]+7,555exp[A/3,03)1],

Where: N-adsorption in micropores, (H20)/eya, A = RTIn (P°/P) —1 H20 / eya - work done
to transfer steam from the surface (pressure P°) to the equilibrium vapor phase (pressure R)
The differential heat of adsorption of water on zeolite CasNasA (Qa) (Fig. 2) is given at a
temperature of 303 K. Long lines - heat of condensation of water below 303 K (AHv=43.5
kJ/mol). In this zeolite, the heat of adsorption decreases in the form of an ordered wavy step.
Initially, the differential heat of adsorption is 95.11 kJ /mol, and the adsorption value is N =
0.57 H.Olea.
The main reason for the high heat of adsorption is that water molecules enter the zeolite
cavities directly due to their small size, and high energies are generated by physical forces
between oxygen atoms and adsorbate, which bind silicon and aluminum during the entry
process. Then the heat of adsorption is reduced to ~ 13.5 kJ/mol. In this process, it is
adsorbed on Na* cations in the Sl position. After the heat reaches 81.65 kJ/mol, the heat
difference transforms into a stepwise form. 2.29 water molecules are sorbed by cations 0.25
Ca*? and 0.25 Na* in position SIII. This phase is in the range from 81.65 kJ/mol to 77.62
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kJ/mol, and the adsorption rate is in the range from 1.72 H.O/e to 4.01 H2Ole. For 3.47
molecules of water adsorption, the heat of adsorption decreases from 77.62 kJ/mol to 71.32
kJ/mol. 10.93 water molecules go through three stages to be adsorbed onto the zeolite.

At the same time, the difference in adsorption temperatures decreases to 71.32 kJ/mol, 68.50
kJ/mol, and 65.62 kJ/mol. It is known from the orderly decrease in adsorption temperatures
that this means that the zeolite is adsorbed into a large cavity, that is, into the Sl cavity.
When the adsorption value reaches N = 22.44 H,Ole, the temperature drops sharply to 54.46
kJ/mol. Here, the SII gap in the supervoids of the adsorbent indicates saturation. The main
reason for the gradual abrupt decrease in the heat of adsorption from 77.62 kJ/mol is the
formation of complex compounds with metal cations located in active centers in the zeolite's
pores

In processes with a high heat of adsorption, it takes place in cavities SI and SlllI. In the SlI
position of type A, the heat of adsorption decreases in the same wave-like linear form. At the
end of the process, the heat of adsorption decreases from 53.17 kJ/mol to 50.42 kJ/mol, and
then adsorption approaches the heat of condensation. The adsorption of Na* and Ca®* cations
in the zeolite's pores ranges from 7.48 H2O/e.u. up to 22.77 H2Ole.e. At this stage, 15.29 H20
molecules/e.u. are adsorbed on Na* and Ca?" cations. In this case, multidimensional
complexes (H20) nNa* and (H20) nCa?* are formed.
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Figure 2. Differential heat of adsorption of water on zeolite CasNasA at a temperature of 303
K. Horizontal annular heat condensation line

The pores of the CasNasA zeolite have three adsorption slots, in which adsorbates will
adsorbed. Alkali and alkaline earth metals form the basis of active centers. In the first cavity,
Na?* cations are located in the center of the six-membered oxygen rings Sl and form a b-
cavity.

Since this cavity is small, it is partially saturated with metal cations. In the second cavity, the
Ca?* and Na* cations are located slightly inside the plane of the eight-membered oxygen rings
Sll, and, finally, in the third cavity, the Ca?* and Na* Sl cations are located inside the large
a-cavity. opposite the four-membered oxygen ring.

It can be seen that cavities SlIl and SII form the bulk of the adsorption as they are located
within the space. This is due to the fact that the cations in the SI space are adsorbed in very
small amounts because they are surrounded by cations of six strong protective oxygen atoms.

2782



International Journal of Aquatic Science I]ﬂs
ISSN: 2008-8019

Vol 12, Issue 02, 2021

CasNasA sorbs a total of 27.49 water molecules per zeolite. Of these, ~ 21.9 H,O e.ya. in the
Sll cavity and ~ 5 H20 e.ya. in the SlII cavity. In the Sl space, 0.57 H,O is deposited.

Figure 3 shows the differential entropy of water adsorption on CasNasA zeolite [35]. The
formula of the Gibbs-Helmholtz equation was used to calculate the differential entropy using
the differential heat and isotherm values of water adsorption on CasNasA zeolite

ps,—AH-AG _ —(Q,=2)+A

T T

T — temneparypa, Qd -ypraua muddepenmuan uccukiuk. A-thermal condensation, AH and
AG-enthalpy, and free energy change, T-temperature, Qd"-average differential heat.
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Figure 3. Differential entropy of water adsorption in CasNasA zeolite is given

Based on the results of the study, the location of adsorbent voids, surface surfaces, and
cations were studied in the study of adsorption entropy. It is known from the beginning of the
process that the high adsorption heat indicates that the water molecules at the initial
saturation are not strongly agitated in the zeolite micropores. The differential entropy of
adsorption initially starts at -40.59 J/mol * K, with adsorption N = 0.28 H.O e.ya. Then the
entropy decreases to -15.74 J/mol*K and increases to -23.58 J/mol*K. Since there are many
empty pores in this part of the zeolite, the adsorption entropy values will be high and the
adsorbate molecules will be inactive because the cations are not completely saturated with
water vapor. The differential entropy of adsorption has the form of waves in the range from N
=2.58 H O e.yato N = 16.74 H20 e.ya. e rises and falls to -15.64 J/mol*K with wavy lines in
four stages. The differential entropy of adsorption has the form of waves in the range from N
=2.58 H O e.yato N = 16.74 H20 e.ya. e rises and falls to -15.64 J/mol*K with wavy lines in
four stages. Then the adsorption of N ~ 27 H.O e.u. gradually appears from the average
integral lines and approaches 0. This leads to the formation of complex compounds with Na*
cations, which migrate from the Sl cavity into the SlI cavity of the zeolite matrix, forming
small wavy lines.
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Figure 4. Time of equilibration of water adsorption in zeolite Ca4Na4A.

Due to a large number of cations in these cavities, the energy distribution during migration
and adsorption of cations is ordered and strongly adsorbed. The average integral entropy is -
18.39 J/mol*K.

In fig. 4 shows the equilibrium time of water adsorption on the CasNasA zeolite. In this
zeolite, the equilibrium timelines are in the form of strong waves.

The equilibrium time of water adsorption on the CasNasA zeolite is initially 25.53 hours.
Since at the initial saturation there are many voids in the micropores of the zeolite and, it
takes more time to establish the equilibrium of water adsorption. In experiments, we take a
small amount of adsorbate and absorb it into the sorbent. Due to a large number of cations in
the pores of the zeolite and the lack of adsorbate in the pores and, the time required for the
distribution of water molecules. In the processes, where a degree of adsorption is up to 12
H20 e.ya., the time of adsorption equilibrium is gradually reduced. After that, the equilibrium
time gradually decreases sharply in the form of a smooth wave. At the end of the process, the
equilibrium time was supported at ~ 3 hours.

4. CONCLUSION.

Based on the difference in heat and entropy of absorption in water vapor adsorbates were
studied, the interactions between adsorbate-adsorbent and adsorbate-adsorbate due to
adsorbent surfaces, microcapillary saturation, and capillary condensation. In CasNasA
zeolites, the heat of water adsorption takes the form of steps, where all steps form one- and
multidimensional adsorption complexes (H20) n/Ca* and (H20) n/Na" in the matrix of
CasNasA zeolites. The adsorption isotherm is represented by the three-term MXTN equation.
The total sorption volume of the CasNasA zeolite is ~ 27.35 H2O/e.u. per unit cell. water
molecule. Judging by the different values of entropy, water molecules are very strongly
sorbed in these micropores of the zeolite. The average integral entropy of the differential
entropy of adsorption is -18.39 J/mol*K. Water molecules are strongly adsorbed in the solid
state in the supercavities of the zeolite. The adsorption of water on the CasNasA zeolite
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begins in 25.54 hours, at first it takes a very long time to reach the equilibrium time, and
decreases to several hours (~ 3 hours) at the end of the process.
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