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Summary. The paper deals with high-performance computing technologies of modeling and
identification of adsorption in nanoporous systems with Jeedbacks for gas purification. Analytical solutions 1o
the problem of non-isothermal adsorption and desorption are based on Heaviside's operational method and
Laplace integral transform, but the development of calculations is quite original. Experimental and modeling
distributions of moisture and temperatures of gas at the inlet and outlet of the silica beds for each adsorption —

desorption phase at different times are presented. The distribution of moisture within the beds for the full
dehydration — regeneration cycle is determined.
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Introduction. The main anthropogenic sources of atmospheric pollutants are the
processes by which energy is generated for transport and industry. It has been demonstrated
that the transport sector is the emission source that contributes the most to global warming at
present, and it will probably remain so in the immediate future [1]. Natural gas is an
important source of primary energy. Its use as a motor fuel for transport and other sectors of
industry saves liquid petroleum products, significantly improves the atmosphere of cities and
slows the process of global warming. This must be in accordance with European Union
specifications governing the security and safety of such technical equipment’s [2, 3].
Extensive literature is available on common gas dehydration systems including solid and
liquid desiccant and refrigeration-based systems [4, 5]. Currently, adsorption-based processes
rely on a technology, which uses high temperatures for the regeneration of the
adsorbent [6, 7). The main purpose of this study is to specify all the processes along the
columns during non-isothermal adsorption and desorption. For the modeling and
identification of adsorption systems we have used the Heaviside operational method which is
high-performance computing treatment.

~ Mathematical model of non-isothermic adsorption and desorption in nanoporous
solids The modeling of the kinetics of gas adsorption on a microporous adsorbent and the
corresponding regeneration is based on our approach [7, 8] using a mathematical model that
includes mass balance and heat.
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Methodology of analytical solutions of the adsorption-desorption model. The
solution of the system (1)-(6) was obtained using Heaviside's operationai method [9].
Applying the Laplace transformation to eq. (1)-(6) one obtains:
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where p is a complex-value parameter of the Laplace transformation [9].
The solution of eq. (7) with conditions (9), (10) is [7, 8]:
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Calculating the Laplace originals in eq. (127), we obtain:
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where Laplace original ;- {e'“‘(")z] after the calculation of the Bromwich integral is [7, 9]:

(13)

P
X . 2
~a(p)z sin|vt—ze, (v S
Wc(t,Z)EL‘][e : }lje'“(""’ ( i ))dv+e D . (14)
p ﬂ 1%

0

Substituting eq. (14) in eq. (13) we obtain the analytical solution of eq. (1)—(6) which
describe the concentration of moisture in the gas phase and adsorbed on the solid:
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Similarly, the analytical solution of (1)-(6) which describes the temperature
distribution in the adsorbent is [7, 9]:
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Analysis and simulation. The experimental conditions of the system are presented
in [7]. Moisture concentrations of the gas that enters the drying adsorbent column (adsorption
phase) during a dehydration cycle are presented in Fig. 1. These variations are due to the
minor fluctuations of the gas pressure in the network. The corresponding average moisture at
the inlet, 0.175 g/m3, is used for the simulations.
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Figure 1. Experimental concentration of gas moisture
at inlet of adsorbent column during the adsorption phase

Fig. 2 displays the moisture variations against time of dehydrated gas at the outlet of
the adsorbent column. Adsorbent regeneration (desorption phase) is carried out with a small
fraction of the dehydrated gas (10% in our experiments) heated at 125-130°C. Fig. 3 shows
the variation of the temperature near the inlet 7}, (7,,7,) and outlet Ty (73,Ty) of the column

during the desorption phase.
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Figure 2. Moistuzre content of dehydrated gas at the outlet of the adsorbent column
(blue square points — experiment; dotted red line — model)
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Figure 3. The temperature of gas near the inlet Tin (T1, T2) and at the outlet Tout (T3, T4)
of the column of regeneration (squares — experiment, dotted line — model)
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Figure 4. Moisture of the gas at the outlet of the column during the regeneration of the adsorbent
during 240 minutes (square red points — experiment, dotted blue line — model)
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The variation of the moisture of the gas at the outlet of the column of regeneration
(Fig. 4) shows the Kinetics of the internal desorption of the moisture during 240 minutes.
Fig. 3 and 4 show that the regeneration process is characterized by two specific periods: the
heating of the adsorbent, corresponding roughly to the first 90 minutes (Fig. 4, curves 7, and
T3, Fig. 5, curve w;) and the regeneration period (Fig. 3, curves T, and Ty, Fig. 4, curve wy).
Further there is a higher and stable temperature 7, = 120-125 °C and T, increases

continuously.

Conclusion. Our studies have confirmed the effectiveness of the «adsorption-
desorption» technology for the purification of natural gas used as fuel in extreme climates.
After each drying cycle, the residual moisture content of the gas is lower than the maximum
allowable value of 0.009 g/m3. The solution of the proposed mathematical model for the gas
adsorption process on porous solid and its regeneration is based on an original algorithm
using the Heaviside operational method and the Laplace transform. These high-performance
computing technologies of modeling and identification of adsorption in nanoporous systems
with feedbacks can serve as a model for many applications relating to this type of process
for the purification of confined atmospheres.
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YK 319.7

BHCOKONPOAYKTHUBHI KOMII'IOTEPHI TEXHOJIOT'TI
MOJIEJIOBAHHS TA IIEHTU®IKAIIL ADCOPBIII B
HAHOIIOPUCTHUX CUCTEMAX 31 3BOPOTHUMM 3B’SI3KAMU
IS OUMINEHHS T'A3IB

9 , 1 o 1
Muxaiino Ilerpuk ; Onexcanap Ximiu?; JmuTpo MuxaauK ;
. 1
Irop Boiiko'; Bacnan Kopoamun

! . . . . ) . . ) .
TepHoninbcoKuil HAYIOHANbHULL MEXHIYHULL YHIgepcumen IMeHl Isana Ilynios,

, Tepnonins, Yxpaina

Tncmumym xi6epuemuxu imeni B. M. Inywxosa HAH Yipainu, Kuis, Ykpaina

Pestome. Posznsanymo eucoxoegpexmueni obuucniosanshi mexionozii MoOenosanis ma ioenmugpixayii
adcopbyii 6 HaHonopucmux cucmemax 3i 360pPOMHUMU 36'A3KAMU O OUUWeNISL 2A3Y. Mooenioeanns xinemuxu
adcopbyii zasy 6 mikponopucmomy adcopbenmi ma 6iOnogionoi pezenepayii onupacmevCs HA GUKOPUCIMAHHA
mamemantuunoi Modeni, wo exniouae 6aranc macu i menna. Avanimuuni po3e asKu npobaemu Heizomepmiunol
aocopbyii ma decopbyii Tpynmyiomscs Ha onepayiinomy memooi I egicaiida il inme2panbHUX nepemeopeHHsx
Jlannaca, ane 3anpononosana memoduxa obuucnens € 106olo. Ilpedcmagnero excnepumenmaneHi ma modenvhi
pOo3nooinu goro2u i memnepamypu 2asy na 6x00i ma eux0di wapy adcopbenma dns KoxcHoi gasu adcopbyii —
Oecopbyii 6 pisni uacogi inmepeamu. Busnaueno po3nodin gono2u 68 Medcax wiapy Ofs NOGHO20 YUKTY
3nesoOHenns — pezenepayii. IIposedeni Oocnioxcenus niomeepdunu egexmugnicms mexnonozii «adcopbyis-
Oecopbyiay 0N OuUU{eHNA NPUPOOHO020 2a3y, U0 GUKOPUCMOGYEMbCA 6 AKOCMI hanuea @ exCcmpemanvHiux
rrimamuunux ymogax. ITicas koxc1ozo yuiny Cywinns 3aaUmKosUT 6MICM 60021 6 2a3i HUMCUE MAKCUMATBHO
donycmumozo 3uadenns. Bapioeainia 6oao2u 2asy Ha 6ux00i 3 kononu pezenepayii eioobpascae xinemuxy
sHympiulivol Oecopbyii eonozu ma 6rasye, o npoyec pezenepayil xapaxmepuycmovca 06oMa cneyugiunumu
nepiooamu: HA2piBaAHHAM adcopbenma il pezenepayicio nepiooy. Hani cnocmepizacmyecs euwa it cmabinoniwa
memnepamypa, axa nOCmigno niouimacmeca. Po3e’azox 3anpononosaiol mamemamuunoi mooeni npoyecy
adcopbyii 2azy nHa nopucmomy meepOoomy mini ma iiozo pezenepayil basyembvca 1a opucinaneHoMy aneopummi,
PO3p0ONEHOMY 3 GUKOPUCIIATTIAM onepayiitnozo memoody Tegicatioa ma inmezpanvrux nepemeopens Jlannaca.
L[ ucoxoedexmuena oGHUCTIOBANBIA MEXION02iS MOOCNI06ANA i idenmudpirayii adocopbyii ¢ nanonopucmux
cucmemax 3i 360pONHUMU 36'A3KAMU MODICE CIY2YBamu 0CcHOGOI0 01s bazameox 3aCMOCY6ais, U0 CMOCYIONMbC
100ibH020 muny npoyecie ovuujens 6 0omexcenomy cepedosuiyl.

Kniouosi cnoea: sucoxoegexmugii obuucnoganvii mexnonoeii, nanonopucni cucmemu 3i 360pomMHUMU
36'13kamu, adcopbyicio ma decopbyiero; M0o0enosais 2azie; onepayitinuii memood [egicaiioa; inmezpanvii

nepemeopenns Jlanaaca.
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