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In this work, the adsorption process of CO, on the clinoptilolite (Skorynskoho field,
Transcarpathian region, Ukraine) and SO,, NO, and CO, adsorption on K,COs-modified — y -
alumina in a fixed-bed reactor were theoretical studied and simulated by computer-mathematic
methods. The developed mathematical model based on the mass balance in gas and solid phase, the
experimental saturation capacities, considering the activity of the adsorbent with respect to the gas
by variable coefficients.
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Poboma npuceauena meopemuynomy suguenno ma mooenosantio npoyecy aocopoyii CO;
Ha wxninonmuonimi (Cxopunceke podosuuje, 3axapnamcvka obaacme, Ykpaina) ma npoyecy
aocopoyii SO,, NO, i CO; na K;COs-mooughixosanomy - y-oxcuo anrominiro. Mamemamuuna
MoOenb OUHAMIKU CYMICHOT 2a3080i adcopdyii no6y008ana HA OCHOBI MAmMepiaibHO20 OANAHC) 8
2azositl ma meepoill azi 3 ypaxy8aHHAM AKMUBHICMb aA0COpOeHm)y No GIOHOUIeHHIO 00 2a3) NO
3MIHHUMU KOepiyienmamu.

Knrouoei cnosa: aocopoyis, npupooruti yeonim, Mooughixoearuil yeonim, Mooea08aHHs.

Paboma nocssiwena meopemuueckomy usyyeHur0 u MOOEIUPOBAHUIO NPOYecca aocopoyuu
CO; na xaunonmuoaume (Cropurckoe mecmopodcoenue, 3axapnamckas obaacmoe, Yxpauna) u
npoyecca aocopoyuu SO, NO, u CO; na K,COsz-moouguyuposannom - y-okcuo amoMuHusL.
Mamemamuueckas mooenb OUHAMUKU COBMECMHOU 2A3080U aA0COpOYUU NOCMPOEHA HA OCHO8E
MaAmepuaibHoeo O6aianca 8 2a3o8ou U meepool aze ¢ yuemom akmueHOCMb a0CopOeHma no
OMHOWLEHUIO K 243y NO NepeMeHHbIMU KOdppuyuenmamu.

Knrwoueesvie cnosa: aocopbyus, npupoousiii yeoaum, MOOUDUYUPOBAHHBII YeOo UM,
MoOenuposanue
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Introduction

Adsorption is of great importance. The unique advantage of adsorption over other
separation methods is the higher selectivity that can be achieved by adsorbents. In addition,
adsorption phenomena play a vital role in many solid state reactions and biological
mechanisms. There are different adsorbents being used in industry such as Active Carbon,
silica gel, silicalites, activated clays, synthetic zeolites, natural zeolites (Clinoptilolite,
Erionite, Mordenite), 4A, 5A, 13X molecular sieves, activated aluminas. For an adsorption
process to be developed on a commercial scale requires the availability of a suitable
adsorbent in tonnage quantities at economic cost. Actually Trans Carpathian region, Ukraine
rich in natural zeolites such as Clinoptilolite [1]. The purpose of this work is theoretical
study of the adsorption of harmful gases on different adsorbents and simulation these
processes in order to conduct further experiments and to reach the industrial level.

Analysis of published data and problem statement

Recently, there has been intense interest in linking engineering models with rigorous
simulation tools. Simulation approaches potentially provides an attractive alternative to
costly and time-consuming experimentation. In order to know just how well the chosen
adsorbent will perform, the adsorbent must be tested with the mix of pollutants that are to be
adsorbed, and at the concentrations that are expected. Various multi-space adsorption
models can predict how a combination of gas will adsorb, but these are all based on
assumptions that fit the results to the individual experiment. In general, an adsorption
isotherm is an invaluable curve describing the phenomenon governing the retention.
Adsorption equilibrium (the ratio between the adsorbed amount with the remaining in the
solution) is established when an adsorbate containing phase has been contacted with the
adsorbent for sufficient time, with its adsorbate concentration in the bulk solution is in a
dynamic balance with the interface concentration. In article [2] the mathematical description
of the dynamics behavior of the fixed-bed adsorption column was made using the integrated
CFD model. The most significant disadvantage of the model is the definition of mass
transfer coefficient only by macropore diffusion without taking into account the diffusion in
micropores, which leads to considerable error in the calculation. In work [3] for modeling
the adsorption of pure components was used the double Langmuir (DL) model. The DL
model was combined with the ideal adsorbed solution theory, provides an effective method
to predict adsorption equilibrium of gas mixtures from the isotherms of the pure
components. A major disadvantage of the DL model is that it assumes that there are only
two different adsorbate locations in zeolites and all the components in the mixture conform
to the rule analogous to Raoult’s law. The chemical potential of the adsorbed solution is
considered equal to that of the gas phase at equilibrium, these characteristics often do not
meet the normal course of the process, is a significant limitation of the applicability of the
model in practice. The model developed here [4] is analogous to the bipore model
developed in references [5]. The analytical solutions of the proposed model can be obtained
using the Laplace integral transformation and the Cauchy function methods. However,
equations of the processes having feedback loops and processes partly or absolutely
provided with means of automatic control, can be solved by this method with only a
relatively low degree of complexity. When dealing with complex systems, Laplace
transform method requires a huge number of algebraic operations and becomes almost
unusable.
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Material for the adsorption. The adsorption process

Clinoptilolite is the most common natural zeolite found mainly in sedimentary rocks
of volcanic origin. Such deposits aroused strong commercial interest because clinoptilolite
tuffs are often rather pure and can be mined with simple techniques [6,7]. y-Alumina is one
of the most frequently used versatile adsorbents because of its low cost, high mechanical
strength, and good adsorption ability. Although y-alumina is a kind of neutral adsorbent,
there are both acidic and alkaline active sites on its surface. Furthermore, after specific
modifications, the surface chemistry of y-alumina can be manipulated and controlled; thus,
it can be tailored for many special applications [8]. Adsorption of a gas on a solid is the
enrichment of molecules in an interfacial layer adjacent to a solid wall. Here is two kind of
adsorption: physical adsorption caused by van der Waals forces without a charge
redistribution in the molecule and on the pore surface and chemical adsorption implies the
creation of bonds and a change in the electron density between the adsorbent and the
adsorbate. Furthermore, NO and O, interact with SO,. Normally, chemical adsorption of
SO, is an oxidation process in which the adsorbed SO, molecules are oxidized by O, to SOs,
or react with active components to form sulfates and sulfites. On the surface of y-alumina,
NO and SO, can form unstable intermediates with the assistance of O, [9]. At low
temperature, physical adsorption is predominant; the adsorption capacity first decreases as
the temperature rises. At higher temperature, chemical adsorption is enhanced and becomes
the main adsorption type, so that the adsorption capacity increases.

Simulation the dynamics adsorption of gases over zeolites

In isothermal adsorption systems, the equilibrium relationship between the adsorbent
and adsorbate can be characterized by single curve or isotherm, where the solid phase solute
concentration is a function of the gaseous phase solute concentration characterized by the
mass balance in the gas and solid phase [10]. The fixed bed model is derived from the mass
balance in gas and solid phase and from the experimental saturation capacities, with the
following assumptions: no temperature gradients and no concentration gradients in a bed
section perpendicular to gas flow direction, the regime is isothermal; the temperature
gradients are absent; the diffusion of species is negligible, there is no deactivation of the
adsorbent during the experiments [11] considering the activity of the adsorbent with respect
to the gas by variable coefficients.
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Symbols
F gas flow rate, [I/h];
Yin: Your inlet and outlet mole fractions of adsorbate, [-];

y; the average gas mole fraction in the i layer, [-];

P; total pressure, [Pa];

R ideal gas constant, [Pa*m®/(kmol-K)];

T temperature, [K];

Vi, w; volume and weight of the layer, [I, kg];

k rate constant, [s™];

o, B, v species coefficients, [-];

Jo saturation amount of gas per kg, [kmol/kg];

I — property at i layer of an adsorbent bed in equation;
in — property at inlet of an adsorbent bed;

out — property at outlet of an adsorbent bed;

NO, SO,, CO, - nitrogen monoxide, sulfur dioxide, carbon dioxide.

A normal linear system of differential equations with variable coefficients was solved
by Taylor collocation method. Using the Taylor collocation points, this method transforms
the ODE system and the given conditions to matrix equations with unknown Taylor
coefficients. By means of the obtained matrix equation, a new system of equations
corresponding to the system of linear algebraic equations is gained.

Verification of the adequacy of the mathematical model

In a result of the calculation of the model obtained concentrations of nitrogen
monoxide, sulfur dioxide, carbon dioxide in the adsorbent in time for each new calculation,
mass adsorbed oxides and the saturation capacity of the adsorbent. The calculation
performed under the same conditions as in theoretical studies.

Table 1
The data of calculated points adsorption isotherm”
CO, NO SO,

c,% | clcg m, g c,% c/co m, g c,% c/cy m, g
0,5 0,1 11,6 0,5 0,1 8,74 0,5 0,1 21,95
1,0 0,2 12,01 1,0 0,2 9,18 1,0 0,2 22,18
1,5 0,3 12,94 15 0,3 9,86 1,5 0,3 23,21
2,0 0,4 13,32 2,0 0,4 10,44 2,0 0,4 24,05
2,5 0,5 13,78 2,5 0,5 10,78 2,5 0,5 24,38
3,0 0,75 13,89 3,0 0,75 11,24 3,0 0,75 25,11
4,0 1 14,01 4,0 1 11,32 4,0 1 25,80

* Subject to: gas flow rate 0,5 I/min, SO, concentration at the inlet 2000 ppm, NO concentration at
the inlet 2000 ppm, CO, concentration at the inlet 12 000 ppm, temperature 373 K.

The adequacy of the data obtained as a result of the simulation is verified by the
Fisher test. As a result, the model is adequate in 90% of cases for the modified zeolite and in
75 % of cases for the natural zeolite. Since the natural zeolite has not ordered structures
such as modified, the adsorption process more difficult to predict.
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Conclusion

The adsorption process of CO, on the natural zeolite and SO,, NO, and CO2
adsorption modified zeolite were theoretical studied and simulated by computer-mathematic
methods. The developed mathematical model based on the mass balance in gas and solid
phase, the experimental saturation capacities, considering the activity of the adsorbent with
respect to the gas by variable coefficients. The model presented by a normal linear system
of differential equations with variable coefficients, it was solved by Taylor collocation
method. The breakthrough curves of SO,, NO, CO, adsorbed on alkalized alumina and CO,
on natural zeolite were reasonably well reproduced by the model (the adequacy of the model
to the experiments result was carried out by Fisher Criterion, the expected value of which
appeared far fewer theoretical). As a result, the model is adequate in 90% of cases for the
modified zeolite and in 75 % of cases for the natural zeolite. Thus, there is great sense to
conduct further researches and simulations to reach the industrial level.
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I'ymannbkuii .M., Harypebknii O.A., Cumak .M.
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OTXOIAIUX I'A30B OT OKUCH CEPbBI
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MODELING THE PROCESS OF EXHAUST GASES TREATMENT FROM
SULFUR OXIDE

Gumnitsky Ya., Nagurskyy O., Symak D.
HauionaabHuil yHiBepcuTeT «JIbBIBCbKA MOJIITEXHIKA)
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Poszensinymo npoyec ouuwenns 8uKUOHUX 2asieé 6i0 okcudy cyivQhypy, AKUll HALEHCUMb 00
MOKCUYHUX CNOJYK, WO ) 8ENUKUX KITbKOCMAX BUKUOAIOMbCA 00 ammocghepu ma cnpuyunaomy i
enobanvre 3a6pyounents. OCHOBHUM NOKAZHUKOM € CHMYNIHb OYUWEHHS 2a3y, Oas SAKOI CKIA0eHO
MamemamuyHi mooeni O0isi mpbox npoyecis: ¢hizuunoi abcopbyii, xemocopoyii y mpughasuiii
cucmemi 3 NOCMIIHOW MA 3MIHHOI NOBEPXHEI0 MEePA020 COpOeHmA.

Knrouoegi cnosa: xemocopoyis, oxcuo cynvghypy, mamemamudui MoOei, CmyniHb 04uUeHHs

Paccmompen npoyecc ouucmku omxoosumux 2azo06 om oKUCU cepol, KOMopas NPUHAOIEHCUM
K MOKCUYECKUM COeOUHeHUsIM, 6blopacvieaem 6 ammocghepy 6 OOIbWUX KOIUYecmeax u
obycrasnusams ee 2no0oanvroe sazpsasHenue. OCHOBHLIM NoKazamenem s6Jsemcs CmeneHb O4UCmKY
2asa, 0 KOMOPOU COCMABIEHO MameMmamuyeckue MoOoeau Oas mpex Npoyeccos: Guauyeckoll
abcopoyuu, xemocopoyuu 6 mpexgasHou cucmeme ¢ NOCMOSHHOU U NEPEMEHHOU NOBEPXHOCMU
meepooco copbenma.

Knrouesvte cnoea: xemocopoyus, OKUCb cepbl, Mamemamuyeckue MoO0enu, CmeneHsb
OUUCKU

The process of exhaust gases treatment from sulfur oxide, which belongs to the toxic
compounds in large amounts are emitted into the atmosphere and cause global contamination of it
was discovered. The main indicator is the degree of purification of gas for which the mathematical
models for the three processes, physical absorption, chemisorption in a three-phase system with
constant and variable solid sorbent surface were composed.

Keywords: chemisorption, sulfur oxide, mathematical models, the degree of purification.
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