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Summary. Mathematical model of nanoporous medium with two-level process of particles mass transfer
in the presence of positively charged impurities was constructed and investigated. For the considered model, the
theory of the process of mass transfer has been developed by finding self-consistent solutions of the Fick-Nernst
and Poisson equations, and the electric fields generated in a nanoporous medium depending on the concentration
of absorbed charged particles are calculated.
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Statement of the problem. Theoretical and experimental investigation of physical mass
transfer processes in nanoporous medium [1 — 3] as well as the processes of adsorption [4] and
desorption[5] connected with them are of vital importance for many branches of modern science
and engineering. Transient mass transfer process in nanoporous medium saturated by zeolite
molecules occurs due to internal concentration gradients in micro- and macropores of sorbent
or adsorbent determined by temperature conditions within investigated medium. In case when
external designative factors are neglected, the mass transfer process is considered to be steady.
In such development mathematical models of adsorption are based on the main balance
equations and boundary conditions and equilibrium conditions. It is assumed that mass transfer
occurs along nanoporous medium stratum depth and here Fick-Nernst law is realized [6]. Under
such conditions adsorbate phase transfer form nanopores medium to inter-particle space has
equilibrium character and is determined on the basis of convex isotherm of Langmiur
desorption. However consideration of dissipation process, particularly the influence of
adsorbed particles space charge current on mass transfer process defines the need for
modification of the investigated mathematical models.

Analysis of the latest researches and publications. It should be noticed that at present
there is actually no papers where mass transfer models were modified in order to describe
investigated processes more clearly. Related problems concerning the influence of space charge
on mass transfer processes were investigated in papers [7, 8] but their results cannot be used
directly for the problems connected with the processes in nanoporous medium.

The objective of the paper. The objective of the given paper is to construct and
investigate the mathematical model of mass transfer in nanoporous medium with positively
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charged adsorbate particles present in it. It provides more clear description of mass transfer
process in nanoporous medium and enables to determine factors having the greatest influence
on the given process.

Statement of the task. Let us consider complicated system of mass transfer for two
diffusion component in catalytic medium formed by microparticles with nanoporous structure.
Diffusion processes in the given system are characterized by two types of mass transfer:
diffusion in macropores in intercrystallite space and diffusion in intraparticle space. It is
assumed that the layer with thickness | consists of the large number of nanoporous particles
approximated by microstructures of spherical shape of radius R (0 < R < | < +00) containing
adsorbate components with charged impurities (Fig. 1). In such a case diffusion process for two
gases occurs in axial direction z of the macropores space (from 1 to 0) and radial space for each
microparticle (R to 0). Providing that diffusion process is steady it is also supposed that
concentration gradients of transferred components in macropores and nanopores of
nanoparticles nanopores slightly change till equilibrium is reached. This allows us to assume
that thermal effects are slight, diffusion process occur according to Henry’s law. In general case
it is assumed that nanoporous particles have the same size and are closely-packed within each
medium layer [1 - 3].

The mathematical model describing kinetics of gas desorption in the investigated system
taking into account physical factors which determine the given process is described by equation
in partial derivatives expressed for concentrations C,(z,t), Q.(r, z,t) for areas

Q; =0, T)xQ, Q=(0,1). Thus:
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- being equation describing diffusion in intercrystallite space,
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- being equation describing diffusion in intraparticle space.
Considering that the part of particles captured by micropores has charge, the total charge
within the microparticle is as follows:

4
qintra(xa r:t) = qui(r?ZraQs(Xl r, t)R3, (3)

where 0<7 <1 is the content of charged particles in separate microparticle, q®  —is the

intra
charge of particular charged particle.
In such a case the microparticles are considered to be charged and the electrical potential
within each microparticle is determined by Poisson equation:

O’p(r.z,t)  0°p(rz,t) _ Pl 2,1)
822 arz €intra0

(4)

where
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pintra(r' Z, t) = nqi(r:zraQs(r! z, t) (5)

- Is the charge density within the microparticle.
For concentrations C,(z,t) i Q.(r, z, t) initials are realized:

€2 o =Cui Q1 2,1, =0, ©)

and homogeneous boundary conditions of macropores are:

oC,(z,1)|

Cotat,, =00 =

=0. (7)

z=0

and symmetry boundary conditions for microparticles equilibrium are:

0Q,(r, z, 1)

or r=R

=0; Q(r, z, )] _, =Qs(z, 1). (®)

Besides for potential ¢(r,z,t) proper boundary conditions connected with its and
electric displacement vector finiteness are:

. op(r,z,t)
¢(r’ Z’t)|r:R = @interr €inter P = gintraEinter ) (9)
r r=R

where

S 11 © Q.(r, )
Pinter = Zq)inter(ri)a(R - r.i) = E\TIMC’V =
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- being average values of potential and electric field strength in external medium, &, 1 Eipyra
- material dielectric permittivity of internal and external medium respectively.

As is evident from the structure of equations system (1) — (2), (4), then taking into
account boundary and initial conditions (6) — (9) it is nonlinear. It is worthwhile to find its
solution using the method of finite differences. Then the solution of the system of equations

(1) - (2), (4) is found on trimetric uniform space-time network aj,,, in Q. . I n order to do that
we introduce one-dimensional networks:

inter

@, ={r=ih,i=01 ..N,}
@, =1z, = ip, i=0,L ..N,} (11)
{t, =kz, k=0,1, ..N,},
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po Rt T
NSNS NG (12)

then:
By, = @, x @, x @, ={(ih, jp, kr), =01 ..N;, j=01..N,, k=01 ..Ng}. (13)

Approximating according to the method of finite differences [9] first-order and higher-
order derivatives we get:

GCS(Z,t) _ Cs(i,j,k) _Cs(i,j,k+1) . 82CS(Z,t) _ Cs(i,j—l,k) _zcs(i,j,k) +Cs(i,j+l,k) .

ot T T o2 p2 1
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OX h ' ot T ' (14)
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Approximation of initial and boundary conditions results in:
i,j,0 0 :
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Taking into account (14) from self-consistent equation system (1), (2) and (4), initial
and boundary conditions (6) — (9) we derive difference scheme:

. o s o DO o L
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Here the solution of the difference scheme (16) is found by sweep method.
Conclusions.
The mathematical model which allows to consider the effect of captured particles on the

given process is offered for the systems with double-level mass transfer process. Using the
method of finite differences we get difference scheme describing the solution of the investigated
mathematical model. These results provide the development of mass transfer theory in
nanoporous medium taking into account the influence of internal and applied external fields.

References

1.

9.

Petryk M., Leclerc S., Canet D., Sergienko 1.V., Deineka V.S., Fraissard J. The Competitive Diffusion of
Gases in a zeolite bed: NMR and Slice Procedure, Modelling and Identification of Parameters. J. Phys.
Chem. C, vol. 119, no. 47, pp. 26519 — 26525.

Petryk M. Parameter Identification of Competitive Diffusion of Nanoporous Particles Media Using
Gradient Method and the Heviside’s Operational Method. Radioelectronics & Informatics Journal, vol. 68,
no. 1, pp. 30 — 36.

Deineka V., Petryk M., Fraissard J. Identifying Kinetic Parameters of Mass Transfer in Components of
Multicomponent Heterogeneous Nanoporous Media of a Competitive Diffusion System. Cybernetics and
System Analysis, vol. 47, no. 5, pp. 705 — 723.

Krishna R., Van Baten J.M. Diffusion of Hydrocarbon Mixtures in MFI Zeolite: Influence of Intersection
Blocking. Chem. Eng. J., vol. 140, no. 1 — 3, pp. 614 — 620.

Petryk M., Leclerc S., Canet D., Fraissard J. Modelling of Gas Transport in a Microporous Solid Using a
Slice Selection Procedure: Application to the Diffusion of Benzene in ZSM5. Catal. Today, vol. 139, no. 3,
pp. 234 — 240.

Krishna R., Van Baten J.M. Diffusion of Alkane Mixtures in Zeolites: Validating the Maxwell-Stefan
Formulation Using MD Simulations. J. Phys. Chem. B, vol. 109, no. 13, pp. 6386 — 6396.

Boyko V., Grynyshyn Yu.B., Seti Ju.O., Tkach M.V. The influence of static and dynamic spatial charges
on electronic active conductivity of three-barrier resonant tunneling structures. J. Phys. Stud., vol. 18, no. 4,
pp. 4702-1 — 4702-10.

Boyko I.V., Petryk M.R. Influence of the Space Charge on Tunneling of Electrons and Their Conductivity
by the Resonance Tunneling Structures in the Constant Electric Field. J. Nano- Electron. Phys., vol. 9, no.
3, pp. 03030-1 — 03030-8.

Samarskii A. The Theory of Difference Schemes. Marcel Dekker, New York, 2001, 762 p.

YK 538.931

MOJEJIb HAHOITIOPUCTOI'O CEPEJOBHILA
3 3APA/UKEHUMU JOMIIHNIKAMHA

Irop boiiko; Muxaiiio [lerpuk; IMmurpo Muxanuk

TepHoninbcokuul HaYiOHATLHUU MeXHIYHUU YHIigepcumem imeni leana 1lynros,

Tepuonins, Ykpaina

Peztome. I[lobyoosano ma O00CNIONCEHO MAMEMAMUUHY MOOETb HAHONOPUCIOZ0 Ccepedosuya 3

080PIGHEBUM NPOYECOM MACONEPEHOCY YACMUHOK 34 HASLEHOCTI NOZUMUBHO 3aAPAONCEHUX OOMIWOK. [lna moodei,
SAKY PO32NAOAEMO, WIIAXOM 3HAXOONCEHHS CAMOY32000iCeHUX po36 a3Kie cucmemu pisusano Dika-Hepncma ma
Ilyaccona, pozeuneno meopiio npoyecy Maconepenocy ma nposedeHO PO3PAXYHOK eNeKMPUYHUX NOLIG, WO
BUHUKAIOMb ) HAHONOPUCMOMY Ceped0GUWl, 3aNeHCHO i KOHYeHmMPayii abcopboanux 3apaodceHUx Yacmox.

Knirouoei cnosa: nanonopucme cepedosuuye, camoy3eo0dicenuil po3e 30K, MAconeperoc, abcopoyis.
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