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ABSTRACT

This letter presents comments on the paper “Critical review on the applicability of Avrami
fractional kinetic equation in adsorption-based water treatment studies” that was recently
published in Desalination and Water Treatment by N.A. Oladoja. This author explained the
misuse of Avrami-type kinetic equation in adsorption process at solid/solution interfaces
and also mentioned few of the papers published in the literature that used the Avrami
kinetic equation. We, therefore, decided to write this letter to make it clearer to the reader
that there are no wrong or unfounded concepts in the papers cited in the review of
N.A. Oladoja. We do believe that the mechanism of adsorption could only be established by
several analytical techniques and a good sense of chemistry associated with the equilibrium
and kinetic data. The mechanism cannot be directly assigned based on just simple kinetic
experiments. In addition, the author was very selective in choosing some specific papers,
which used this valuable kinetic adsorption equation, for his criticism. The kinetic equation
presented at the end of Oladoja’s paper is worthless and may not be a feasible equation that
can be applied to adsorption from solutions.

Keywords: Avrami fractional kinetic adsorption model; Kinetics of adsorption; Interpretation
of Avrami equation

Recently, Oladoja [1] published a review criticizing
selectively two authors, who used the Avrami kinetic
equation to evaluate the interactive parameters at
solid/solution interfaces. Apparently, the main con-
cerns of this author are related to the papers of two
independent Brazilian research groups [2-15]. Among
others, Oladoja stated the following considerations in
his article:

*Corresponding author.

1)

)

“The adsorption of Avrami kinetic equation for
the interpretation of the time-concentration
profiles of sorbate-sorbent interactions in
adsorption-based water treatment operations
appear to have stemmed from the report of
Lopes et al. [2].”

“The authors claim to have provided an
alternative kinetic equation to determine time-
related and/or temperature-related changes in
the adsorption kinetic profiles.”
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(3) “The use of this equation in thermal decom-
position modelling is appropriate because the
process involves phase transformation, which
formed the basis of this kinetic equation, but in
the context in which the Avrami kinetic
equation was used by Lopes et al. [2], no phase
change or transformation could be ascertained;
hence, the applicability of this equation is
questionable and, at best, unjustified.”

Therefore, in this letter, we provide some explana-
tions regarding the main aspects of such criticisms.
Evidently, the concerns of Oladoja started with the
work of Lopes et al. [2] in 2003, which used a kinetic
equation to describe the kinetic features of Hg** on a
chitosan-based material [2]. The main intention of
such article was to present an alternative equation for
calculating kinetic parameters of the interaction that
occurred, at a glance in multi-step features, in chi-
tosan-based materials/aqueous solutions interfaces.
Secondly, the authors think that the mechanism of
adsorption does not just agree with a simple kinetic
equation such as pseudo-first-order, pseudo-second-
order, Elovich chemisorption model, and other kinetic
models [16]. A given well-established mechanism of
adsorption should be certified after the use of several
analytical techniques (FTIR, SEM, N, adsorption/
desorption curves, Raman spectroscopy, TGA/DTA,
DSC, NMR of ?°Si and '3C at solid state, XRD, PHpzer
CHN analysis, and solution calorimetry analysis) to
support the adsorption experimental data (kinetics
and equilibrium) [17-25], instead of establishing a
mechanism of adsorption on a simple kinetic model
[17-25], as many authors have done in the adsorption
studies reported in the literature [16].

Similarly, Lima et al. [16] reported that the authors
attribute wrongly ca. 99% of the mechanism of adsorp-
tion just based on one of the four forms of the linearized
pseudo-second-order kinetic model [16]. Of course,
there is no direct correlation between chemisorption
and the experimental data to simply follow one of the
linearized pseudo-second-order kinetic equations [16].
Considering the criticism used by Oladoja [1], in his
review that the usage of the Avrami kinetic equation in
adsorption kinetic experiments does not correlate with
the phase change/thermal decomposition or crystalliza-
tion of a specie as earlier proposed in the original works
of Avrami [26-28], and therefore, the mechanism of
adsorption cannot be established based on this kinetic
equation. We do affirm that the majority of the adsorp-
tion kinetic data described in the literature, where the
linearized pseudo-second-order kinetic models were
used, cannot also be correlated with chemisorption.
Therefore, the fitting of data using a kinetic or isotherm
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model should be complemented with other experimen-
tal evidences using several analytical techniques as well
as chemical knowledge about the nature of the
adsorbate and adsorbent, surface of adsorbent, and
chemical or physical interaction of the adsorbent with
the adsorbate.

An example of the scenario in which pseudo-
second-order kinetic models cannot be ascribed to
chemical sorption: Oladoja et al. [29] reported the
adsorption of methylene blue dye (MB) onto castor
seed shell using only the values of coefficient of
determination (R?), which the authors erroneously
denominated as correlation coefficient [29] (see Fig. 1
[29]). Perusing at Fig. 1, mainly 200 and 300 mg/L
MB, the curves depicted on the graph were not
obtained by nonlinear fitting. Similarly, at these higher
concentrations, the experimental points fall outside the
predicted curve. On visualizing Fig. 1, it is seen that
the points were poorly fitted by the predicted curve
compared to Table 1, when the kinetic data were lin-
earized to the pseudo-second-order, the R*> values
were ca. 0.99. As Lima et al. [16] have reported, there-
fore, irrespective of the kinetic data obtained, practi-
cally all the kinetic adsorption data when linearized
will follow the linearized pseudo-second-order kinetic
model. Consequently, this observation will make
researchers to state that the mechanism of adsorption
will be chemisorption. However, the conclusion drawn
by Oladoja et al. [29] was the same pattern followed
by the majority of the researchers working in the field
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Fig. 1. Plot of the amount of MB sorbed vs. time at various
initial MB concentrations [29].
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Table 1

Pseudo-second-order and intraparticle diffusion parameters for the sorption of MB on CSS at various initial concentrations
of MB [29]

Initial conc. (mg/1) gde (mg/g) k (g/mg min) x 1073 hy (mg/g min) R? K (mg/g in'/?) I (mg/g)
25 12.55 110.03 17.33 1.000 0.0324 12.13

50 24.69 55.608 33.90 0.9999 0.0868 23.617
100 47.85 11.228 25.71 0.9991 0.8135 38.802
200 95.24 5.057 45.87 0.9995 1.4122 79.118
300 138.89 2.254 43.48 0.9964 4.6518 88.989

of adsorption, and this conclusion is completely
wrong, and biased.

Certainly, researchers could try to check experi-
mentally how a molecule of MB will form a chemical
covalent bond with the ligno-cellulosic material, the
chemical composition of castor seed shell. Unfortu-
nately, in the literature of adsorption field, almost all
researchers will base their kinetic judgment only on a
simple linearized kinetic model. Obviously, this situa-
tion is not the only one and will not be the last error
of analysis found in the literature, regarding the
kinetic data associated with adsorption [29].

On the basis of these numerous errors of adsorp-
tion kinetic data using linearized pseudo-first-order
and pseudo-second-order, Lopes et al. [2] tried to use
an uncommon kinetic equation to explain some speci-
fic kinetic data. However, this approach is indeed a
difficult task since the use of non-linearized Avrami
equations [2-16] has brought to the adsorption litera-
ture that different mechanisms of adsorption could
take place. However, in order to establish a more cor-
rect mechanism, other analytical techniques should be
employed to elucidate confident data. This has been
researched in our research groups in Brazil [2-16].

In addition, it is noteworthy that the application of
the Avrami equation to study sorption phenomena
occurring at solid/solution interfaces was firstly
reported by Knezevic et al. [30] in 1998. In this manu-
script, the authors named the kinetic equation as
Kolmogorov-Erofeev—-Kazeeva—Avrami-Mampel equa-
tion [30], and the equation was used to study the
kinetics of adsorption of lipase enzyme on Y zeolite.
Afterwards, this material was used to hydrolyze palm
oil in a lecithin/isooctane system [30]. In this situation,
also, no changes in the crystallization or thermal
decomposition of the adsorbent were stated or cited
by the authors of the article. However, Oladoja [1]
neglected the occurrence of this paper, and many
others, in his review. Therefore, the work of Lopes
et al. [2] was used in a very specific field of adsorption
from solution using a chitosan-based material, and it
is not the first paper in literature that employed the

Avrami kinetic equation in the adsorption from
solution.

Recently, Lima et al. [16] classified the Avrami
kinetic model as an empiric model applied to kinetic
data of adsorption studies. Therefore, it is not expected
from the readers that the parameters earlier attributed
to the Avrami equation [26-28] will have the same
meaning as the kinetic adsorption equations used in
the papers selectively chosen by Oladoja for his criti-
cism [2-15], because this equation was also used to
evaluate kinetics of adsorption, instead of only phase
transformation or thermal degradation phenomenon
of synthesis and/or degradation of the solid-state
materials [26-28].

Making a very fast and non-exhaustive revision, of
the literature, of the use of the Avrami equation as an
empiric equation in the adsorption field, it is noted
that Oladoja [1] did not cite in his review at least 31
papers [30-61]. In these references [30-61], the Avrami
kinetic equation was used to obtain valuable kinetic
parameters for adsorption from the solution systems.
Moreover, it is pertinent to highlight that the majority
of these articles do not cite any of the publications of
Cestari group and/or Lima group, since the use of
the Avrami kinetic equation for adsorption studies
from solutions is of public domain, at least since
1998 [30].

A detailed description of kinetic models for
adsorption at solid/solution interfaces was recently
published by Haerifar and Azizian [62] and can be
used by the readers or researchers, who are interested
to know specific outstanding aspects of kinetic sorp-
tion phenomena. Briefly, the main features of the
Avrami kinetic model applied to interactive phenom-
ena occurring at solid/solution interfaces are given by
this general equation:

dq _ M-1 n
q,- knt™ (g, — q)

where g and 4. are amount of adsorbate per unit mass
of adsorbent at a given time f and at equilibrium,
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respectively; and k, is the rate constant, while the
value of n reflects the pseudo-order of the reaction. It
is noteworthy to mention that for M=1 and n=1 or
2, the final equation is converted to the respective
pseudo-first-order or pseudo-second-order kinetic
models, which are the main kinetic equations for
calculating kinetic parameters of adsorption process
taking place at solid/solution interfaces [62].

The so-called Avrami’s exponent (n) has been
described to be related to the interaction mechanism
and the region in which a given kinetic process takes
place, because different paths for adsorption on adsor-
bent may appear [62]. Some authors state that the rate
constants (k) obtained are the sum of all possible rate
constants [62]. Specifically, the numerical values of the
Avrami parameter n can be used to state whether the
reaction kinetics is governed by diffusion or surface
interactions with random nucleation or both [62].
However, the analysis of the mechanistic meaning of
the Avrami kinetic parameters k and # is not a trivial
task, and we have clearly pointed out this aspect in
proposing mechanistic features in our recent publica-
tions [2-15]. The statement of Abraham et al. [63]
seems to describe properly the real sense of the find-
ings of the Avrami equation: “The Avrami model
gives only a phenomenological description of the
adsorption kinetics without revealing much informa-
tion about molecular details.” Indeed, as stated earlier
in this letter, such specific molecular details should be
provided using characterization techniques. On the
other hand, despite the limited citations of the
Avrami-type kinetic equation, which was not created
by Lopes et al. [2], the equation has been considered
to be useful and attractive [30-62].

In Oladoja’s review [1], one can find a description
of an alternative F-W model for modeling kinetic
sorption parameters in adsorption from solutions.
However, such an equation seems to be valid by solely
taking into account the general chemical reactions,
A — B (Nucleation) and A + B — 2B (autocatalytic
growth), which are not clearly stated and cannot occur
for all interactions occurring at solid/solution
interfaces. These statements should be properly and
obviously proved by Oladoja using physicochemical
characterization and other analytical techniques. In
addition, such F-W equation seems to be valid only in
the liquid phase, and this feature strongly limits (even
prevents) comparisons of F-W model with the Avrami
equation discussed in the article of Oladoja and this
letter.

Unfortunately, the review of Oladoja was per-
formed using a few literature data of only two
research groups in Brazil [2-15]. In this sense, the lack
of a deeper historical background found in the
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Oladoja’s review, concerning the earlier applications
and foundations of the Avrami kinetic equation in
adsorption from solution field is really disappointing.
We recommend that Oladoja or other interested
researchers should provide other reviews with addi-
tional and individual deeper criticisms of works of
several authors described in the literature [30-62],
who claim that such an Avrami kinetic equation was
successfully used to describe the adsorption systems
occurring at solid/solution interfaces.
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