
Further verification of adsorption dynamic intraparticle model (ADIM)
for fluid–solid adsorption kinetics in batch reactors

V. Russo, R. Tesser ⇑, D. Masiello, M. Trifuoggi, M. Di Serio ⇑
University of Naples ‘‘Federico II”, Chemical Sciences Department, IT-80126 Naples, Italy
CIRCC, Italy

h i g h l i g h t s

� Transient intraparticle model for
fluid–solid adsorption kinetics.

� The PDEs system solved with method
of lines.

� Literature datasets tested with the
proposed model obtaining good
results.

� Physical parameters fitted on the
experimental data.

� The model is a starting point to
design adsorption columns.
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a b s t r a c t

Recently, a diffusive intraparticle dynamic model has been published by the authors and applied for
describing few systems in order to check its validity. The aim of the present paper is to improve its valid-
ity in describing different kind of systems. At this purpose, adsorption data have been taken from liter-
ature, in which different adsorbate/adsorbent systems have been considered. In every case, the surface
diffusivity of the pollutant (DS) has been fitted on the experimental data. The obtained parameters fall
within reasonable ranges and a good fitting has been obtained for each case, demonstrating the generality
of the adopted model.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Fluid–solid adsorption is a separation technique very com-
monly adopted in the industries to solve different problems. In par-
ticular, it can be used for different applications: (i) the purification
of industrial waste waters coming out from chemical plants [1]; (ii)
the separation of products/by-products after synthesis routes [2];

(iii) in biotechnological processes where added value products
must be removed from complex matrixes [3]. This technique is
based on the transfer of one or more components from a fluid mix-
ture to a solid surface, with which they establish chemical or phys-
ical interactions, thus causing an interfacial concentration
variation with respect to the adjacent phases. Since the XVIII cen-
tury, a systematic study of this phenomenon has been developed
bringing to the derivation of equations for interpreting adsorption
kinetics data collected in batch reactors and a huge number of
models have been proposed for investigating both the equilibrium
[4–6] and the kinetics of fluid–solid adsorption [7–10]. By consid-
ering the kinetic models, they can be roughly divided in two
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classes: (i) empirical or semi-empirical, considering the adsorption
as a reaction kinetics [11–13]; (ii) diffusive models, derived from
mechanism considerations on the adsorption phenomenon, such
as the definition of a rate-determining step in the adsorption kinet-
ics [14,15]. In the recent years, many researchers have put partic-
ular attention on the last ones, due to their interesting
characteristic of involving parameters that can be correlated to
properties with a precise physical meaning. Moreover, some speci-
fic journals in the adsorption technology, such as Journal of Hazar-
dous Materials and Separation and Purification Technology, are
rejecting papers in which a data interpretation is presented by
using the simple kinetic models [7,16].

Recently, Russo et al. [17] tested a diffusive model proposed by
Do [5], applied for gas–solid systems, for liquid–solid adsorption
kinetics based on both film and intraparticle mass transfer. Cu(II)
and Pb(II), adsorption batch experiments onto various kind of silica
were interpreted obtaining good results in terms of data fitting
[17]. However, in order to demonstrate that the model can be con-
sidered general, so independent on the adsorbate/absorbent cou-
ple, it is necessary to test it on a wider number of cases,
including adsorbents and pollutants/products/by-products of dif-
ferent chemical nature. With this perspective, in the present manu-
script data from three batch adsorption systems have been
interpreted with the mentionedmodel. A summary of all the inves-
tigated cases is here reported:

(1) Organic molecule in organic media on inorganic adsorbent:
p-xylene in isooctane over Faujasite.

(2) Ions in inorganic media on organic adsorbent: Cu(II) in water
over active carbons.

(3) Ions in inorganic media on organic adsorbent: Cd(II) in water
over chitosan.

2. Theory

The kinetic data interpretation reported in this manuscript have
been performed with the dynamic model recently published by
Russo et al. [17]. The main points are here summarized to make
the reader friendly with the topic. The system is conceptually
divided into three domains: a bulk liquid phase in which the pol-

lutant concentration changes with time, a liquid intraparticle
phase and the solid intraparticle phase, where the concentration
depends on time and radius of the particle. Conceptually, the pol-
lutant is transferred from the bulk phase to the particle through
the liquid film and then it diffuses along the particle radius in
the pore, in which the mass transfer is divided into the two parallel
contributions of liquid porous diffusion and surface diffusion.
Another important assumption is the intraparticle local equilib-
rium between surface and liquid phases expressed in terms of
the adopted equilibrium isotherm. With these assumptions, the
adsorption kinetics can be described by writing the mass balances
constituted by two partial differential equations, one considering
the bulk/film mass transfer (Eq. (1)) and one the intraparticle dif-
fusion (Eq. (2)):
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In Eq. (1), the bulk accumulation is equal to the filmmass trans-
fer, while in Eq. (2) the overall accumulation term (liquid and solid)
is set equal to the sum of both the pore and the surface intraparti-
cle diffusion terms.

Such a system needs a set of boundary conditions to be solved.
A fundamental boundary condition is represented by the adsorp-
tion isotherm and is necessary to establish the local equilibrium
condition, for example the Langmuir isotherm (Eq. (3)). Then, fur-
ther boundary conditions are expressed by the particle symmetry
(Eq. (4)) and surface steady-state hypothesis (Eq. (5)).
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Nomenclature

asp geometrical specific surface area, m2 m�3

b Langmuir adsorption constant, m3
liq,P mol�1

CB solute bulk concentration, mol m�3
BULK

CL solute concentration in the liquid of the pores, mol m�3
liq,P

CS solute concentration in the solid, mol m�3
sol,P

CS,⁄ saturation solute solid concentration, mol m�3
sol,P

D impeller diameter, m
D0 molecular diffusivity, m2 s�1

dP particle diameter, m
DP pore diffusivity based on the cross sectional area, m2 s�1

DS surface diffusivity, m2 s�1

DS
0 pre-exponential term in surface diffusivity temperature

dependence, m2 s�1

ES surface diffusion activation energy, J mol�1

F Faraday, 96.5 C/g�1-equiv
KF Freundlich adsorption constant, (mol m�3) � (mol m�3)�n

km mass transfer coefficient, m s�1

MB solvent molecular mass, g mol�1

N impeller rounds per minutes, –
n adsorption intensity, –
NPAR number of experimental data, –

NDATA number of parameters, –
n+, n� valences of respectively cation and anion, –
R ideal gas constant, J mol�1 K�1

rP particle radial direction, m
RP particle radius, m
s shape factor, –
t time, s
T temperature, K
VA solute molar volume, cm3 mol�1

Greek symbols
DH adsorption molar enthalpy, kJ mol�1

e particle porosity, m3
liq,P m�3

P

e0 volumetric ratio between the bulk volume and the over-
all particle volume, m3

BULK m�3
P

k+
0, k�0 limiting zero concentration ionic conductances, (A m�2)

(V m�1) (g-equiv m�3)
lB, lL solvent viscosity, cP
qL solvent density, g m�3

s tortuosity factor, –
uB Wilke–Chang association factor, –
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