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vadovas — prof. habil. dr. P. Baltrénas.
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Moksliné ir organizaciné veikla

Darbas projektuose
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klausimas. Projekto vadové — prof. dr. Edita Baltrénaité.
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Adsorbcijos modelis ir jo skaitiné aproksimacija

Parengta publikacija

T. Leonavicieng, R. Ciegis, E. Baltrénaité, V. Chemerys. Numerical
analysis of liquid-solid adsorption model, Mathematical Modelling
and Analysis, 19 p.
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Formulation of the problem

Solute flux from the bulk to the liquid phase:

acTi(t) = —knA(CB(t) = Cot, )], _p ), (1)
msS

here k;, is the external mass transfer coefficient, A = 2, m is the
mass of adsorbent, S is the external surface area per mass of
adsorbent, V' is the volume of solution, R, is the particle radius.

4

V. Russo, R. Tesser, M. Trifuoggi, M. Giugni and M. Di Serio. A dynamic
intraparticle model for fluid-solid adsorption kinetics. Computers & Chemical
Engineering. 74:66-74, 2015
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Formulation of the problem

Mass balance for the liquid and solid in the particle:

1—
ot ( ) ot

10 oCL(t,r) 5 Cs(t,r) 0CL(t,r)
= = — (eDpr? 1—¢)D

20r <€ P or + (=€) Dsr Cr(t,r) Or

where ¢ is the particle porosity, 7 is the particle radial direction,
Dp is the pore diffusivity and Dy is the surface diffusivity.

()

).
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Formulation of the problem

Langmuir isotherm:
OL(t?T;D)
L+ bCL(t,rp)’

where b is a Langmuir adsorption constant and Clg . is the
saturation solute solid concentration.

Cs(t,mp) = Cs,xb
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Formulation of the problem

Mass balance for the liquid and solid in the particle (2) (through
the liquid phase concentration)

. 9Cs\dCL(t,7)
(€+(1 E)aCL) 5t (4)
. 190 2 CS,*b 8CL(t7T)
~ 2o (7“ (EDP+(1_€)Dsl+bCL(t,r)> or )
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Formulation of the problem

Initial and boundary conditions:

Cp(0)=C%, CL(0,r)=C% 0<r<R,

7‘2 OCL(t,T) -0, 7“2 OCS(t,’I”) _ 07
or r=0 or r=0

Os(t,’l”))aCL(tvr)
SCL(tvr) or
=k (Ca(t) — Cp(t,7)]

(er +(1-€)D

r=R,
r:Rp)’

where k,,, is the mass transfer coefficient.

(6)

(7)
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Formulation of the problem

In the case of the Langmuir isotherm (3) this boundary condition is
defined as:

Cs.4b )8C’L(t, r)
ST+uCL(t,r)) or

= km(CB(t) — CL(tvrp)ir:Rp)'

(eDp+ (1 -e)D

(8)

r=Rp
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Approximation of the model

Discretization in space

We divide the spatial domain in finite volume cells with centers
ri=G—1/2)h, j=1,..,J -1

and the step size
_ Ry
=7z 1/2°

The numerical approximation for spatial derivative:

Cy(t,rp) _ Crj+1 —CL
ory h ’
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Approximation of the model

The approximation for the mass balance in the particle for

j=1,....J —1:
Bap T (g s ) 0040 ©)
3 (14+0bCp ;)2 ot
bC: Crj+1 =G
= 2 D 1—¢e)D Syx L,j+1 L.j
j+1/2 (5 p+(1-¢)Ds 14 0.56(Cr j+1 + Cr5) h
bC Crj = CLg
- 2 b - = S, % L,j L,j 1'
j—1/2 (5 p+(1-¢)Ds 140.56(Cr; + Cr j—1) h
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Approximation of the model

The approximation for the boundary condition (8):

h bCs « oCr j(t

(1+0Cr, 1) ot
bC's Crg—Cri-1
D, +(1—¢)D ’ | |
X (5 p+(1—¢) ST+ 0.56(Cr.; + CL,J—l)) g

(10)
+ 175km(Ca(t) — CL.g).
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Approximation of the model

Discrete equation for the bulk concentration Cg:

oCp(t)
ot

= —knA(Cg(t) — CL.4(1)) (11)
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The linearized and normalized mathematical model

Dimensionless variables

cR? _ - TD
_psog_ - _
7= M, &= Dt’ 0<r<1, 0<t<T_cR§’ (12)

c=e+ (1—¢e)f(Cp).

The equilibrium isotherm
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The linearized and normalized mathematical model

The combined diffusion coefficient is

D=¢eD,+(1— s)DSf(CL).
Cr

<

Mass transport parameters o and [ are

Ak cR2 km Ry
_ , 1
D b D (13) )

(07
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The linearized and normalized mathematical model

The simplified adsorption kinetics model

9Cp(1)

o= =—a(Cp(t) — Cu(t,1)), 0<t<T,  (14)
OCL(ET) _ 1 0 ( 50CL(ET) -
ot r2or (r or )0 0<T<L 1Y)

Initial and boundary conditions

aCYL (E? 77)

it A A

or

861L (E? 77)
7=0 ’ or

Cp(0)=C%, CL0,7)=C% 0<7F<1. (17)
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The results of numerical calculations

Concentrations for the data reported in the article by V. Russo,
R. Tesser, M. Trifuoggi, M. Giugni and M. Di Serio. 2015
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The results of numerical calculations

Concentrations for the data reported in the article by P. R. Souza,
G. L. Dotto and N. P. G. Salau. 2017
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The results of numerical calculations

Dynamics of the concentrations obtained from the simplified model
for the data reported by V. Russo et al. (2015)
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The results of numerical calculations

Dynamics of the concentrations obtained from the simplified model
for the data reported by P. R. Souza et al. (2017)
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The results of numerical calculations

Dynamics of the concentrations obtained from the simplified model
(. =41.4, 8 =0.4) for the data reported by P. R. Souza et al.
(2017)
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The results of numerical calculations

Dynamics of the concentrations obtained from the simplified model
(= 4.14, 5 = 4) for the data reported by P. R. Souza et al.
(2017)
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The results of numerical calculations

Dynamics of the concentrations obtained from the simplified model
(/B =~ 10) for the data reported by P. R. Souza et al. (2017)
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The results of numerical calculations

Dynamics of the concentrations obtained from the simplified model
(a/B =~ 0.1) for the data reported by P. R. Souza et al. (2017)
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The results of numerical calculations

Dynamics of the concentrations obtained from the simplified model
(with Langmuir isotherm) for the data reported by P. R. Souza et
al. (2017)
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Conclusions

@ The sensitivity of the solution with respect of main physical
system parameters is analyzed using the simplified model.

@ The results obtained with the linearized and normalized
mathematical model are compared with the simulations done
for a full nonlinear mathematical model.

© The results of the numerical experiments show that we can
predict the main trend of the adsorption process using the
proposed simplified linear model.
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