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Abstract

Many papers deal with the characterization of various sorption supports, tested with numerous
contaminants. However, the results concerning the same ‘“sorbate/sorbent” system are often
very different. In sorption studies, there are regularly misleading calculations concerning (i)
both kinetic and isothermal modeling by linear (instead of nonlinear) equations; and (ii)
calculation of thermodynamic parameters for sorption processes. It should also be noted that
it is often impossible to compare the results of such studies and their interpretations. Indeed,
according to the context of the studies (natural environment, wastewater, industrial system...),
the experimental conditions are very different. Moreover, while studies could be dedicated to
similar species, both sorbent and sorbate, the keywords associated to these papers can be
different and authors can miss a published paper, making their bibliography incomplete.
Therefore, we remind how to use correct procedures to perform these calculations in a
valuable way; in our opinion, it is a source of confusion for the scientific community if
inappropriate methods continue to be used. Moreover, we would like to encourage scientists
to pay attention to the choice of keywords, and to suggest editors of scientific journals to
increase the number of keywords. This is illustrated here with recent papers dealing with the

sorption of P(Vv) on Fe(111) oxyhydroxides.

Keywords  Phosphate sorption « Iron oxyhydroxide « Kinetics modelling « Isotherm

modelling « Thermodynamic parameters « Scientific mistakes.
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1 Introduction

In order to fight against the eutrophication of waterbodies, several methods have been
proposed in recent years to limit the amount of P(v) input, a very harmful element for the life
of plants and animals (LeMoal et al., 2019). This can be done, among other methods (Jia et
al., 2023; Zheng et al., 2023), by precipitating the polluting phosphate with a calcium salt, as
this is the case in natural pond systems (Moutin et al., 1992) or by adding aluminum salts as
experienced in eutrophic lakes (Auvray et al., 2006; de Barros et al., 2023). Other types of
phosphate removal can be achieved with Fe(111) salts or solid (natural) compounds (Lanet et
al., 2021 ; Wang et al., 2024).

Within such a framework, Xu, Zhu and Xiong have recently published in this journal a study
on phosphate removal by sorption on several isomeric Fe(il1) oxyhydroxides: goethite,
akageneite and lepidocrocite (Xu et al., 2022); however, 6 years earlier Sleiman et al. (2016)
had published a paper on a similar subject, which Xu et al. (2022) seem not to have been
aware of, as they do not cite it.

The internal structure of both papers is of course traditional: after a description of the
preparation of the solid sorbents and their characterization by various physicochemical
methods, the sorption kinetics and isotherms of P(Vv) batch studies were modelled and
discussed. Only Xu et al. (2022) have also calculated the thermodynamic parameters for the
sorption process.

Unfortunately, although the misuse of linearized kinetic, isotherm or thermodynamic
equations, was pointed out in several papers, they seem to have been very often read but only
rarely used. This is the case in the paper by Xu et al. (2022), when the nonlinear data
treatments were privileged by Sleiman et al. (2016).

To complete this comparative work, we must also mention a different paper, published almost

simultaneously by Kalaitzidou et al. (2022), which describes the sorption of P(V) on various
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Fe(11) oxyhydroxides, either commercial or synthesized in the laboratory. According to the
respective dates of publication for Kalaitzidou et al. (2022) (05 April 2022) and submission
for Xu et al. (2022) (10 May 2022), it seems that the latter authors could not have been aware
of this newly published article, which is also considered here.

In this Discussion paper, we will mainly comment on (i) the similarities and differences
between these three papers; (ii) the erroneous use of linearization in sorption studies.
However, we would like to emphasize at the outset that these critical comments do not
undermine the scientific value of the works by Xu, Zhu and Xiong or by Kalaitzidou,

Zouboulis and Mitrakas.

2 Discussion

2.1 Experimental part

2.1.1 Preparation and solid-state characterization of sorbents

It is not surprising that for the studies considered here, solid Fe(111) oxyhydroxide materials
were prepared by methods derived from those described by Schwertmann and Cornell in their
famous book (Schwertmann & Cornell, 1991; Cornell & Schwertmann, 2003). However, it
should be noted in passing that this widely known and used work is misquoted by Xu et al.
(2022) who refer to a ‘book review’ of the 1991 edition, and also by Sleiman et al. (2016)
who give two different citations from the two editions, each time referring only to the name of
the first author (their references 27 and 33).

More specifically, it is noted that Xu et al. (2022) prepared different samples of goethite a-
FeOOH, akageneite 3-FeOOH and lepidocrocite y-FeOOH with slightly different recipes,

whereas Kalaitzidou et al. (2022) used mainly commercial samples of akageneite, goethite
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and a binary iron(111)/manganese(1v) oxyhydroxide (Fe-MnOOH), and also samples of
schwertmannite Fe;s016(OH)y(SO4), * n H20 and lepidocrocite prepared from Fe(i) sulphate
thanks to an oxidation-precipitation reaction. The case of Sleiman et al. (2016) is more
original: while working mainly on the removal of P(v) by zero-valent iron (ZVI), they
decided to compare the behavior of the experimentally obtained iron oxidation byproducts
with that of genuine iron oxides or oxyhydroxides, such as magnetite Fez04 (Fe"Fe'"',04),
maghemite y-Fe,Og3, goethite and lepidocrocite.

In Table 1, we have summarized all the useful information about the solid-state
characterization methods applied by each research team, as well as the experimental
conditions for studying the sorption of phosphate on these solid sorbents.

To go into more details, Sleiman et al. (2016) characterized the obtained ZVI oxidation

byproducts with XRD and FTIR, which allowed them to discover mainly lepidocrocite.
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Table 1. Comparison of the three studies of P(V) sorption onto Fe(111) oxyhydroxides (more detailed information could be found in the

corresponding original papers).

Xu et al., 2022

Sleiman et al., 2016

Kalaitzidou et al., 2022

Solid preparation 2

L, G, A: modified from Cornell

& Schwertmann

ZV1 oxidation byproducts (= L)

L, G: Cornell & Schwermann

G, A: commercial sorbing phases
L: oxidation/precipitation

reaction

Solid characterization

XRD, FESEM, FTIR

XRD, FTIR, Raman

None

PHpzc

Zeta potential

Potentiometric and zeta potential

Potentiometric and zeta potential

P(v) analysis

Ammonium molybdate (700 nm)

Molybdate/ascorbate (880 nm)

Molybdate/SnCl, (690 nm)

Kinetic studies

solid = 1.0 g/L; PO4 =20 mg/L;
NaNO; 0.01 mol/L; T = 28°C;
pH=(5;7;9)

solid = 1.5 g/L; PO4 =10 mg/L;
pHinit = 7.2; T =20°C

solid = 200 mg/L; PO, =10
mg/L; pH =7; T = (10; 20; 35)
°C

Isotherm studies

solid =1.0 g/L; PO4 =2-50
mg/L; NaNO3 0.01 mol/L; t =24
h;pH=7; T =28°C

solid=150r1g/L; POs=2-20
or 2-100 mg/L;t=24h; pH =
(4.2;7.2;9.2); T=20°C

solid = 75-350 mg/L; POy not
given; t=24 h; pH =7; T = (10;
20; 35) °C

Thermodynamic parameters

Yes (T = 15; 25; 35; 45 °C)

None (only at T = 20°C)

Yes (T = 10; 20; 35 °C)

Loaded solids analysis

FTIR, XPS

FTIR, Raman

None

a L = lepidocrocite ; G = goethite ; A = akageneite
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2.1.2 pH at the point of zero charge (pHp;c or PZC)

It is now well established that, when pH changes in the surrounding solution, oxides and
hydroxides undergo changes in their surface charges, due to surface
protonation/deprotonation reactions:

=FeOH," & =FeOH + H' Kat® (1)

=FeOH & =FeO + H' Ka2® 2

where =FeOH represents an Fe atom on the solid surface with its hydroxyl group. Various
ligands (including anions such as P(Vv) species) can then interact with these surface charges to
form surface coordination complexes at the solid/water interface (Stumm et al., 1980; Sigg &
Stumm, 1981). The potentiometric determination of solid surface charges allowed to easily
obtain the point of zero charge (pHp.c or PZC) where the solid sorbent in aqueous suspension
has a global zero charge; taking into account the electroneutrality of the solid surface, one can
demonstrate that:

K3, +pK3S
pszc — 14 alzp a2 (3)

Therefore, the solid is expected to be positively charged at pH < pH,,c and negatively charged
at pH > pHpyc.

The behavior of surface charges on a solid can also be determined from zeta potential
measurements, leading to the ‘isoelectric point’ IEP; due to different physicochemical
processes, one often finds some discrepancies between the two values, pHp,c and IEP.

Recent critical compilations (Kosmulski, 2016, 2018, 2020, 2021, 2023) report the values
obtained for different samples of Fe(i1) oxyhydroxides, for which one can choose the
following ranges for either pHp,c or IEP (which show a generally consistent agreement): 7.5—
9.7 for goethite, 6.4—7.2 for akageneite and 7.4—7.7 for lepidocrocite. As the presently

discussed papers are concerned, it should be noted that all three used both the potentiometric
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titration method and zeta potential measurements for their samples. However, Kalaitzidou et
al. (2022) did not report the values obtained, and Sleiman et al. (2016) performed their
measurements only on the by-products of ZVI oxidation. As for Xu et al. (2022), if all their
zeta potential results are given in their Figure 5b, one can only question their comment that
“the pHp;c of five isomeric FeOOH adsorbents were about 4.0”, because if this is true for
akageneite and one of their goethite samples, one can read from this Figure 5b the value pHpzc
~ 4.5 for lepidocrocite and for their other goethite sample. However, these values seem to
contradict those reported above.

In any case, it seems to us that in the discussed papers, the surface charge status of the studied
oxyhydroxides under the experimental pH conditions is somewhat confused.

2.1.3 P(v) analysis

Sleiman et al. (2016) determined the concentration of P(v) with the official colorimetric
method ISO-6878:2004(E) (ISO, 2004; it is identical to the standard methods recommended
by US-EPA and APHA), based on the blue complex obtained from the ascorbic acid
reduction of 12-molybdophosphosphoric acid (Nagul et al., 2015; Worsfold et al., 2016; Zhu
& Ma, 2020); the selected wavelength is Amax = 880 nm. However, Xu et al. (2022) chose a
value of Anax = 700 nm for their spectrophotometric analysis by their ‘ammonium molybdate’
method: therefore, their results can be assumed to be about 30% less sensitive than if
measured at 880 nm, as specified in the 1ISO standard subsections 4.4.3.2 and 4.4.3.3 (SO,
2004). As far as the analytical method used by Kalaitzidou et al. (2022) is concerned, it is the
colorimetric method using SnCl,, with measurements at Anax = 690 nm.

On the other hand, it should be remembered that inorganic P(V), although measured and
expressed as ‘PO4 g L™ does not exist as this species in the pH range of common waters
(Figure 1). Thus, although the solutions of Sleiman et al. (2016) have a fixed pH = 7.2 = pKa,

where [H,PO4 ] = [HPO,*] = 50%, for Xu et al. (2022) at pH = 7.0 the speciation is
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calculated as [H,PO4 ] = 61.3% and [HPO,? ] = 38.7%. When other pH values are chosen for
their kinetic studies, the discrepancies are even more significant: at pH = 5.0, [H,PO4 ] =
99.3%, [HPO,*] = 0.6% and [H3PO4] = 0.1%; at pH = 9.0, [HPO.*] = 98.4%, [H,PO, ] =
1.6% and [PO4>] = 0.04% (Figure 1). Kalaitzidou et al. (2022) also worked at pH = 7.0,
either in distilled water (buffered with BES) or in artificial natural water reconstituted
according to a National Sanitation Foundation (NSF) standard, where the speciation of P(Vv)
was calculated and given in their Figure 1; from our own calculations with the software
Visual-MINTEQ 3.1 (Gustafsson, 2021), we obtained: [H,PO, ] = 45.8%, [HPO,* ] = 38.5%,
[CaHPOu(aq)] = 7.7% and [MgHPOyag] = 5.6%.

It will then be difficult to compare these sorption experiments with each other because the

composition of the solutions will be very different.
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Figure 1. Calculated speciation diagram of P(v) as HsPO4 (T =298 K; | = 1.10 2 mol L Y).
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2.2 Sorption data treatment

Here we will mainly focus on the treatment of data from sorption experiments; authors and
readers can then be reminded of the general advice previously given in the literature (Tran et
al., 2017; Hubbe, 2022; Pourret et al., 2022). In particular, unlike Kalaitzidou et al. (2022)
who performed their experiments in triplicates and Sleiman et al. (2016) who worked with
duplicated measurements, Xu et al. (2022) should have added information on the number of
replicates for all experiments (including preparation of the solid sorbent materials and the
determination of the P(Vv) concentration), and hence the corresponding standard deviation.
Consequently, all figures with experimental data points should include their respective error
bars, for example when plotting the sorbed amount q; (mg-g ), defined in Equation (4):

(Co—C,)xV
m (4)

q,=
where Co (mg-L ) is the initial concentration of P(v) in solution, C; (mg-L™) is the
concentration of P(Vv) at time t (min), m (g) is the dry mass of the sorbent, and V (L) is the
volume of the P(V) solution.

In addition, Xu et al. (2022) chose to represent the fundamental kinetic and isotherm
equations in a linearized manner, although it is well known that such a data handling can
greatly alter the values of the resulting parameters, sometimes leading to poor results from
correct data (Gonzalez-L6pez et al., 2022). This problem arises because transformations of
nonlinear equations into linear forms implicitly change their error structure and may also
violate standard least-squares error variance and normality assumptions. Today, with the

general availability of personal computers, this is no longer necessary.

2.2.1 Kinetic modelling

10
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The first part of any sorption study involves kinetic experiments and their data processing.
The most common models are the pseudo-first-order (PFO or Lagergren model) and the

pseudo-second-order (PSO): as mentioned above, Xu et al. (2022) used the linearized forms:

In| Qe_quz]n:q.sl_klt (5)
f f 1

—_——_— -

4: 4. kyq. (6)

but Kalaitzidou et al. (2022) were satisfied only by the PSO linearized model. In these
Equations (5) and (6), respectively, ky (min'*) and k, (g-mg*-mint) are the corresponding
rate constants. It should be noted that these units were not given in the paper by Xu et al.
(2022) with their corresponding equations, and that the unit for k; in their Table 1 is wrong:
g-min* instead of min*.

In fact, several recent studies (Simonin, 2016; Lima et al., 2021; Gonzalez-Lépez et al., 2022)
have emphasized that nonlinear regression (NLLS) is more appropriate than linear regression
to obtain the correct parameters of kinetic models. Therefore, in the present case, we should
replace the linear regression analyses from Equation (5) and Equation (6) above with the full

nonlinear g; = f(t) forms of the PFO and the PSO Equations (7) and (8), respectively:

qr = qe.[1—exp(=k;.t)] (7)
_ kp.qit
qe = 1+qe Ky .t (8)

Consequently, in the discussed paper (Xu et al., 2022) the contents of their Figure 1(d, e)
should be deleted and those of their Table 1 should be changed to new values calculated from
the NLLS method; as for Kalaitzidou et al. (2022), for similar reasons, the data in their Table
4 should also be deleted and recalculated.

However, on their side, Sleiman et al. (2016) correctly applied the nonlinear kinetic Equations
(7) and (8) to describe their results. Although the experimental conditions in these three

papers were very similar (see the compiled data in our Table 1 above), the three research

11
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teams obtained contradictory results: for Xu et al. (2022) and for Kalaitzidou et al. (2022), the
better model is the PSO (erroneously attributed to Lagergren by the first group of
researchers), but the PFO was chosen by Sleiman et al. (2016). In fact, it was shown by Lima
et al. (2021) that although experimental data from a large number of kinetic results from the
literature were better fitted to the linear PSO model, more than 50% of these data were better
fitted to the nonlinear PFO model; furthermore, it was also shown that high values of R2 in
linear fitting are not a good statistical tool for establishing a kinetic model.

Since the computational methods for handling experimental sorption kinetic data are different
(and in some cases not in accordance with good practice), it is therefore difficult to derive
useful information about the actual type of kinetics taking place (PFO or PSO), which is
shown in our Table 2.

2.2.2 Isotherm modelling

Similarly, of course, for the Langmuir isotherm equation (original linearized equation in the
paper by Xu et al., 2022):

11 1
d. quKf_Ce LF - (9)

the nonlinear form

Amax-KL-Ce (10)
1+Ky.Ce

e =
is also better to apply here (Tran et al., 2017; Gonzalez-L6pez et al., 2022). However, if the
Freundlich isotherm equation (original equation for Xu et al., 2022)

qe = Kp.C" (11)

is correctly nonlinear, its data treatment was obtained as the linearized form, as shown in their

original Figure 2c (Xu et al., 2022).

12
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Table 2. Comparison of the parameters calculated in the studied papers for P(V) sorption onto some selected Fe(111) oxyhydroxides samples:

Kinetics.
Xu et al., 2022 Sleiman et al., 2016 2 Kalaitzidou et al., 2022
Data treatment linear non-linear linear
Temperature 28°C 20°C 20°C
pH 7 7.2 7 (buffered)
Goethite sample synthetic synthetic commercial (Bayoxide)
PFO model
ge (Mg PO4/g solid) 6.19;5.90 No data Not studied
ky (min™h) 31x107%;31x10° No data
PSO model °
ge (Mg PO4/g solid) 6.26 ; 5.87 4.2 No data
ko (g mg™ min™) 45x107;105x10° 0.9 No data
Lepidocrocite sample synthetic synthetic synthetic
PFO model °
ge (Mg PO4/g solid) 5.70 No data Not studied
ki (min™) 3.2x107° No data
PSO model
ge (mg PO4/g solid) 5.66 6.09 No data
ks (g mg™* min™) 8.7x10°° 3 No data

13
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a original data given as mg P have been changed to mg PO,
b our equation (7)

c our equation (8)

14
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Table 3. Comparison of the parameters calculated in the studied papers for P(V) sorption onto some selected Fe(111) oxyhydroxides samples:

Isotherms.
Xu et al., 2022 Sleiman et al., 2016 2 Kalaitzidou et al., 2022
Data treatment linear non-linear linear
Temperature 28°C 20°C 20°C
pH 7 7.2 7 (buffered)
Goethite sample synthetic synthetic commercial (Bayoxide)
Langmuir model °
Omax (Mg PO4/g solid) 8.09 ; 6.56 6.48 18.7
K. (L mg™) 0.396 ; 1.270 0.603 15.64
Freundlich model ©
K ° 3.02;4.51 4.03 17.2
1/n 0.273; 0.104 0.1 0.109
Lepidocrocite sample synthetic synthetic synthetic
Langmuir model °
Omax (Mg PO4/g solid) 7.36 9.6 41.7
K. (L mg™) 0.713 1.3 13.3
Freundlich model ©
K ® 3.60 5.20 36.6
1/n 0.211 0.13 0.101

15
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original data given as mg P have been changed to mg PO,
our equation (10)

our equation (11)

unit for K is (mg PO./g solid)/(mg PO,/L)*"
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Again, we believe that their original Figure 2(b, c) could be deleted, as the direct isotherm
curves ge = f(Ce) in their Figure 2a are sufficiently informative. In addition, the parameters
given in their original Table 2 should be recalculated using the NLLS method; then the
authors could better discuss their results in comparison with the available literature. Although
the Langmuir isotherm seems to better describe their experimental data (R? parameter close to
1), this seems to be in contradiction with their Figure 2a where no plateau is apparent at
higher C, values (Xu et al., 2022).

In the study by Kalaitzidou et al. (2022), overall the Freundlich isotherm seems to describe
the experimental data better than the Langmuir model, regardless of the solid sorbent, the
aqueous medium (distilled water or NSF water) or the temperature (283K; 293K or 308K),
see their Table 4 and their Figure S1 (in their Supplementary Materials file).

For their part, Sleiman et al. (2016) correctly treated their data with the nonlinear forms of the
Langmuir (Equation (10) above) and Freundlich models; however, it should be noted that they
introduced the Freundlich exponent as n, not 1/n as in Xu et al. (2022) and in our Equation
(11) above.

Given the comments above, it is therefore difficult to compare the results of these three
studies, which is highlighted in our Table 3. In fact, the gmax values obtained by Xue et al.
(2022) and Sleiman et al. (2016) are in a similar range, whereas the values obtained by
Kalaitzidou et al. (2022) are two to four times higher.

2.2.3 Thermodynamic parameters

Thermodynamics is often considered as an essential part of the discussion of the mechanism
of sorption experiments; therefore, correct basic knowledge and calculations must be
emphasized.

The calculation of the thermodynamic parameters for P(Vv) sorption on the solid Fe(1i)

oxyhydroxide sorbents is, of course, based on the classical thermodynamic relationships:

17
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AG® = AH°® — RTAS® (12)

AG° = —RT Ln(K3,) (13)

where AG® (kJ-mol ™) is the standard Gibbs energy change, AH® (kJ-mol™) and AS° (J-mol~
1.K™) are the standard enthalpy and entropy changes, respectively; R (8.314 J-mol *-K ™) is
the universal gas constant, T (K) is the absolute temperature and K°gq (dimensionless) is the
thermodynamic equilibrium constant for the process under consideration.

Starting from Equation (13), it is now possible to calculate all the thermodynamic equilibrium

parameters using the famous van’t Hoff equation. The linear form of the van’t Hoff equation:

AS° AH°

R RT

InKg, = (14)

(as applied by Xu et al., 2022 and by Kalaitzidou et al., 2022) may be acceptable when the
number of experimental points is small, as is the case in the original papers (data at only 4 or
3 temperatures, respectively); however, it is important to remember that this linearization
artificially maximizes the calculated confidence in the estimated parameters, although the

nonlinear adjustment (Lima et al., 2019; Lima et al., 2020)

AS° (AH°\ 1,

K°p =exp|

is obviously more representative of the true results (Gonzélez-Lopez et al., 2022). Finally, in
any case, the comments in the original papers on the sign, magnitude and significance of the
thermodynamic parameters should be moderated with reference to Salvestrini et al. (2014).
However, contrary to the claim of Xu et al. (2022), the distribution coefficient K. calculated
from their equation noted:

Kc=Cae/ Ce (16)

cannot be considered as the sorption equilibrium constant, as pointed out by Tran (2022a);
according to their original quotations, “Ce and Cae (Mg/L) are the equilibrium concentrations

of P in solution and on adsorbent, respectively”. But it should be remembered that the unit for
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the concentration Cae of P(V) sorbed on the solid should be mg per g of solid (or, better, mol
per g of solid), not mg per L of solution; then, the unit for K, becomes

{K:} = {mg/L of solution}/{mg/g of solid} = {g of solid}/{L of solution} a7

Since one can only take the logarithm of a dimensionless parameter, when calculating an
equilibrium constant the only unit for the amount of substance should be mole (not g or mg or
anything else) before taking the logarithm of the thermodynamic equilibrium constant K°gq
(unitless). Although this should be a well-known topic (Salvestrini et al., 2014; Tran et al.,
2017; Limaetal., 2019; Tran et al., 2021), it is too often forgotten.

Therefore, it is impossible to introduce the distribution coefficient K. defined in Equation (16)
into Equation (13) to calculate the thermodynamic parameters (Lima et al., 2019; Tran et al.,
2021), and the data published by Xu et al. (2022) in their original Figure 3 and Table 3 should
be considered as not significant, and likewise the authors' claim that “These results suggested
that P adsorption by five FEOOH adsorbents was endothermic, spontaneous, and random”
should be taken with caution, especially because Salvestrini et al. (2014) recalled that,
contrary to a current and erroneous claim, the sign of AG° cannot inform us about the
spontaneity of the process under non-standard conditions.

Sleiman et al. (2016), who only worked at one experimental temperature (20°C), were
therefore unable to calculate the thermodynamic parameters.

For Kalaitzidou et al. (2022), the information given in their paper seems to us somewhat
confusing, while they introduced an equilibrium sorption constant K,gs, “calculated from the
equilibrium constant of Langmuir K., when expressed as L/mol of phosphates”, but without
any other explanation about such a conversion of K| to Kygs. Therefore, we prefer to give them
the benefit of the doubt and consider the data in their original Figure 2 and Table 3 as
acceptable. On the other hand, one can see from their Table 2 that the Freundlich model

seems to be more efficient in representing the experimental data: R*(Freundlich) >
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R%(Langmuir); that's why they should have used K¢ (and not K, ) to calculate AG°. But it
should be noted that Tran (2022a) recently explained that Kg from Equation (11) cannot be
introduced into Equation (13) as the equilibrium constant, nor can it be transformed into any

useful value.

2.3 About the sorption mechanism

In order to fully describe the experimental data corresponding to the sorption of a chemical
species (here: phosphate ions) onto a solid (here: an iron(111) oxyhydroxide), it is important to
be able to identify the mechanism of this liquid/solid sorption process.

For this purpose, some scientific works have simply extrapolated some kinds of sorption
kinetics results; however, Tran (2022b) recently discussed that it is wrong to claim that a
pseudo-second-order or an Elovich kinetic equation would imply a chemisorption mechanism.
Similarly, it is often considered (as recalled in Tran et al., 2021) that the calculation of the
standard enthalpy of sorption allows to discriminate between chemisorption (AH° > 200
kJ-mol™) and physisorption (4H° < 60 kJ-mol ™), when the common range for AG® is (—80 to
—400 kJ-mol™) for chemisorption and (—20 to 0 kJ-mol ) for physisorption (as cited by
Anastopoulos & Kyzas, 2016). In this case, it is clear that these considerations can be biased
if the calculations of the thermodynamic parameters are incorrect, as discussed above.
Whatever questions we may have about it, it is interesting to return to the comments of
Kalaitzidou et al. (2022) regarding their calculated thermodynamic parameters (their Table 3):
in distilled water, they obtained either endothermic or exothermic chemisorption or
physisorption of P(V), depending on the nature of the solid sorbent, although in the artificial

NSF water the process is mainly an endothermic physisorption. Their explanation seems
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valuable, since in the latter case they considered the competitive influence of calcium
phosphate soluble complexes.

In fact, only advanced physicochemical and spectroscopic methods can provide access to the
types of surface bonds between P(v) and FeOOH; the more dedicated spectroscopic methods
for such a purpose are Fourier-Transform Infrared (FTIR), X-ray photoelectron (XPS), P and
Fe K-edge X-ray absorption near edge structure (XANES), Fe Mdssbauer, 3P nuclear
magnetic resonance, and Raman spectroscopies.

After P(Vv) sorption on their ZV1 oxidation byproduct (i.e.: mainly lepidocrocite), Sleiman et
al. (2016) observed that new peaks appeared in either the corresponding FTIR or Raman
spectra, clearly indicating the formation of inner-sphere complexes after an exchange between
the surface hydroxyl groups and the P(V) species (here represented as H,PO, ):

=Fe-OH + P(O)(OH),0" & =Fe-O-P(O)(OH), + OH" (18)

On the contrary, from the new FTIR peaks observed in P(v)-loaded FeOOH (in the case of
goethite and akageneite), Xu et al. (2022) claimed the formation of outer-sphere complexes
corresponding to electrostatic interactions between P(V) ions and the surface =Fe—OH,"
species (appearing as described in our Equation (1) above):

=Fe-OH," + P(O)(OH),0 & =Fe-OH,"---"OP(O)(OH), (19)

But their XPS data for goethite rather suggested a surface exchange reaction like Equation
(18).

Thus, these two studies seem to be contradictory and the sorption mechanism of P(Vv) on
FeOOH is not clearly identified. However, it is reasonable to assume that both types of
complex formation (inner and outer) can occur simultaneously. Incidentally, it should be
noted that none of these articles has demonstrated or imagined the formation of a FePOu)

precipitate from Fe(111) ions released by partial dissolution of FeOOH.
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3. Conclusion

The removal of excess P(Vv) from aqueous media has long been an important issue, and in the
context of sustainable development its sorption on various types of iron ores has been
proposed, among others (Jgrgensen et al., 2017; Ofoegbu, 2019; Wang et al., 2021; Xia et al.,
2023; Wang et al., 2024). While the use of Fe(111) oxides, hydroxides and oxyhydroxides has
been well documented in the scientific literature, here we have discussed several fundamental
errors and information omissions in a recent paper by Xu et al. (2022) and also in another
paper published simultaneously by Kalaitzidou et al. (2022). Furthermore, we have compared
their data and results with an older paper on the same topic (Sleiman et al., 2016).

However, a comparison of these three studies shows that their results are either not
comparable or very different (even contradictory), in particular because the experimental
conditions are different (temperature, pH, phosphate concentration range, amount of solid).
Thus, precise data on the behavior of P(Vv) sorption on Fe(i1) oxyhydroxides remain to be
obtained.

Although many studies have already drawn attention to these all-too-common problems, we
unfortunately have to remind that the data treatment of sorption experiments should clearly
avoid the use of linearized model equations. This is the only way to obtain reliable and
accurate results.

It is of course important to emphasize that this ‘Discussion’ paper and its comments should be
read in the spirit in which they are intended, i.e. as constructive criticism to produce better
scientific papers in the future and to avoid the dissemination of unwanted and overlooked
errors in the scientific literature, as discussed for example in several recent critical papers

cited above.
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Finally, we tried to speculate why the Sleiman et al. (2016) paper seems to have been ignored
by both Xu et al. (2022) and Kalaitzidou et al. (2022), even though it contains similar
experiments? It seems that this may be due to the fact that the main goal of Sleiman et al.
(2016) was to characterize the behavior of zerovalent iron oxidation byproducts during water
treatment for phosphate removal: thus the title of their paper and the corresponding keywords
did not sufficiently emphasize the studies (kinetics, isotherms) on the sorption of P(V) on
Fe(11) oxyhydroxides. It is therefore recommended that authors of scientific papers carefully

choose their title description and related keywords.
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