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the object under study: heterogeneous nanoporous catalyst

[Kdrger., Ruthven, Wiley (2012),
Petryk et al. Catalysis Today, 139(4), 2007]
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The principal physical assumptions of model

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 |., 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 g (solid phase):

B AH Ceq
q (Ceq ) - qfuIIbO exp(_ RT )1+ bCeq

6. Landau decomposition of adsorption equilibrium in the point of
phase transition.
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[Kdrger., Ruthven, Wiley (2012),
Petryk et al. Catalysis Today, 139(4), 2007]
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The mathematical model: system of mass-heat balance
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The mathematical model: isothermal system of mass
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The non-homogeneous boundary problem A, solution

The transition to originals

C,, (t’x’Z):—Fjifl[”f(p’Z’f)—’C}"(P’Z’f)J*ij (t.£)de, (39)
o D |1 (t-r2.8)-K (t-rZ )F, (r&)dz+

C, (tX,Z)=- — dr, (40)
o R Dir 8 41(117(1-2,2,8)- K (t-7 ZE))F, (7€)

Calculation of originals of components of function of influence

Components H; (t,Z ,5) (Applying the Heaviside)
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f jh, h=1,4 - the numerators of the 2 components Hy (t—r,Z,f), HJ-+ (t-7,Z,¢) - the functions of influence (38),




The non-homogeneous boundary problem A

Calculation N; (t,X,Z).
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solution

(41)

(42)
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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)
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intraparticle space: co-diffusion coefficients identification
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Variation of intracrystallite diffusion coefficients (arbitrary units) for benzene Dintra,1

and hexane Dintra,2  (right)

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

Q(t, X,z) Q(t, X, z)
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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
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2. Modeling multilayer resonant-tunneling nanostructures based on
semiconductor double and triple compounds of gallium arsenide (GaAs,
AlAs, AlGaAs) and nitrides of the Ill group (GaN, AIN, AlGaN) n (GaN,
AIN, AlGaN)

ACTIVE REGION

T
/
/
l;g T
}
3
¥
L}
)]
-
—ir

PHOTOMN EMISSION




ACTIVE REGION |

Vi o )

¥
7

)
'
/

/

El I
[

:
5
v
T

PHOTON EMISSION

L

Rt

eKackagnM Ta X YaCTUHM MawTb OyTU
V3rogXeHMmu mixk coboto

oENEeKTPOHHI  CTaHWM Yy HaHOCUCTeMI €
KBa3iCTaLLIOHAPHUMMU

eMoaenb 3aKpuUTol HaHOCUCTEMU HeOOCTaTHA



" Conclusion

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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