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1. Project PCH DNIPRO №28282ХН «Diffusion compétitive de gaz dans un solide 
poreux : imagerie RNM et modélisation », 2015-2016 (Co-Directeurs: Pr. Daniel 
CANET, Université Henry Poincaré Nancy 1, France; Pr. Mykhaylo PETRYK, Université 
Nationale Technique Ivan Poulu’y de Ternopil, Ukraine)
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PROCESSES (nanoporous and nanoscale structures, objects of safe energy, cognitive
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La rémise des Palmes Académiques

La visite de l’Ambasadeur de la France, 

M. Jacques FAURE à TNTU     ( 24 Juin 2010)



2013- 2022: working visits  (l’ESPCI-UPMC, TNTU)

Conference of Professor UPMC Jacques
FRAISSARD in TNTU



avec la Directrice de Bibliothéque de Balzac

La connaissance   avec les 
archives de Balzac

ESPCI Paris Tech, ICM, TNTU ( 2017)

2017- 2022:  working visit (l’ESPCI-UPMC Paris, TNTU)
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the object under study: heterogeneous nanoporous catalyst
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[Kärger., Ruthven, Wiley (2012),
Petryk  et al. Catalysis Today, 139(4), 2007] 

Use case діаграми
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Архітектурні вигляди і зразки проектування ПЗ Архітектурні вигляди

ООП: Поліморфізм. Aвstract Factory

Дифузія в просторі макропор 

Товщина нанористого шару: l 

Характеристична позиція  k тонкого шару:  

                                                     lk, , 1, 1k n= +  

Товщина k шару:  Δlk = lk+1 -lk , 1, 1k n= +  

Коефіцієнт міжкристалітної дифузії  

        в k шарі: Dinter,k 

 

Дифузія в просторі нано- і нанопор 

Радіус частинки: R 

Коефіцієнт внутрішньокристалітної дифузії 

        в  k шарі: Dintra,k 

l>> R  ; Dinter,k  >> Dintra,k  ;  1, 1k n= +  

Diffusion in macropores; length of the bed, l 
Characteristic position of the layer: lk    

Thickness of the k-th layer:  Δlk = lk -lk-1  

Intercrystallite diffusion coefficient in the k-th layer: Dinter,k    

In the theoretical part, l is the top of the bed  and 0 is the bottom.  

 

Diffusion in micropores;   
Intracrystallite diffusion coefficient in the k-th layer: Dintra,k  

In the theoretical part, zeolite crystallites are assumed spherical (radius R); x = 0 corresponds to 

the center of the sphere and x = R to its surface.  

 

               l >> R ; Dintra,k  Dinter,k  >>  
R
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The principal physical assumptions of model
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1. Adsorption is caused by  dispersion chemical forces (Jones-Lenard) and 

the attraction and repulsion electrostatic forces (Van- Der-Waals ).
2.  Adsorption takes place in active centers on the adsorbent surface  

distributed throughout the internal nanopores surface (Langmuir ).
3.  The  molecular adsorbate layer is formed on the nanopores surface.
4.  Adsorbed molecules are retained by active centers during certain time, 

depending on the temperature [Langmuir I., Science (New York, N.Y.),97, 1950].

5.  The nonlinear  function of adsorption equilibrium (of Langmuir ,        

Gibbs and Hinshelwood )   between the equilibrium  concentration 

(gas phase) and the adsorbate concentration q (solid phase): 

6. Landau decomposition of adsorption equilibrium in  the point of 
phase transition.

( ) 0 exp
1

eq

eq full

eq

cH
q c q b

RT bc

 
= − 

+ 



The mathematical model: system of mass-heat balance
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boundary conditions for coordinate X of the crystallit and Langmuir’s equilibrium : 
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boundary  conditions for coordinate Z: 
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[Kärger., Ruthven, Wiley (2012),
Petryk  et al. Catalysis Today, 139(4), 2007] 



The mathematical model: isothermal system of mass 
balance
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 boundary conditions for coordinate X of the crystallite (particle): 
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The non-homogeneous boundary problem Am solution

Calculation of originals of components of function of influence  

Components ( )j t ,Z ,  (Applying the Heaviside) 
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The transition to originals 
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(24)

(25)

(26)

The non-homogeneous boundary problem Am solution

Calculation 
mj

N ( t ,X ,Z ) .  
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Experimental Results: Gasous benzene and hexane adsorption curves
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Evolution versus time of the benzene and hexane concentrations (arbitrary units) at different levels of 
the sample (continuous - experimental curves; dotted – their approximations used for simulation)



intraparticle space: co-diffusion coefficients identification
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Variation of intracrystallite diffusion coefficients (arbitrary units) for benzene Dintra,1 (left) 

and hexane Dintra,2 (right) against time, at different positions  in the bed.  (top)  time range 

6-240 mn, (bottom) time range 100-240 mn.
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interparticle space: co-diffusion coefficients identification
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Variation of intercrystallite diffusion coefficients (a.u.) for benzene (left), and hexane 

(right) against time at different positions of the bed
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Computer Simulation: adsorbates concentrations in the intracrystallites nanopores
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Distribution of the benzene (left) and hexane (right) concentrations in the intracrystallite space
from the surface (abscissa 1) to the center (abscissa 0) of the crystallites, at different times 1-
dark blue: t = 25 min.; 2 -green: t 50 min; 3 - brown: t =100 min.; 4 - red: t =200 min



2. Modeling multilayer resonant-tunneling nanostructures based on 
semiconductor double and triple compounds of gallium arsenide (GaAs, 
AlAs, AlGaAs) and nitrides of the III group (GaN, AlN, AlGaN) и (GaN, 
AlN, AlGaN)



•Каскади та їх частини мають бути
узгодженими між собою
•Електронні стани у наносистемі є
квазістаціонарними
•Модель закритої наносистеми недостатня
для повного опису фізичних процесів



Conclusion
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The main result of this part of the project is the possibility, from a single

experiment, of simultaneously distributing several co-diffusing gases in a porous

solid and of using the high performance methods of mathematical modeling to

analyze for each of them the distribution of their concentrations in the intra and

inter-crystallite spaces.

Using experimental NMR data and proposed co-adsorption models, the

identification procedures for calculating the co-diffusion coefficients for two or

more components in intra- and inter-crystallite spaces are developed. These

procedures use the gradient identification methods and rapid analytic methods

based. The co-diffusion coefficients were obtained as a function of time for

different positions along the catalyst bed. In particular, those in the intracrystallite

space were computed by the analytical method which allowed a calculation with a

relatively high degree of discretization over time and to reduce practically twice the

volume of iterative calculations.
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