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bstract
This letter discusses possible improvements in experimental conditions to enable a purposeful discussion on the effect of substituent groups on
he reductive degradation of azo dyes by elemental iron (Fe0) in a recent article by Hou and his co-workers. Also recalled is the pH dependence of
he iron corrosion mechanism which is usually overlooked in the iron technology literature.

2007 Elsevier B.V. All rights reserved.
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In a recent article entitled “The effect of substituent groups on
he reductive degradation of azo dyes by zerovalent iron” Hou
t al. [1] discussed the effects of different substituent groups on
he degradation of azo dyes by Fe0. For this purpose: (i) Orange
(350.33 g/mol; pKa = 8.2) and Methyl Orange (327.34 g/mol;
Ka = 3.7) were selected as the model azo dyes with the differ-
nt substituent groups, and Orange II (350.33 g/mol; pKa = 11.2)
as studied as the isomer of Orange I; (ii) the effects of

he initial concentration of azo dyes, the initial pH value
nd the Fe0 dosage on the degradation kinetics were investi-
ated.

The study of Hou et al. [1] is very informative to researchers
nterested in the field of iron technology. However, the article
ontains areas where improvements could be made that will be
iscussed below.

. Historical considerations
The initial stage of the reductive degradation of azo dyes by
e0 may be regarded as equivalent to the Béchamp reduction
2]. The Béchamp reduction is an industrially well-established
ethod for the synthesis of aniline, e.g., from nitrobenzene
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3–5]. The reduction is known to take place in the presence of
e0 and dilute acid [4] and the yield of the reaction is commonly

esser than 92% of the theoretical amount [3,5]. The main reason
or these low yields is the interaction of reaction products (ani-
ines) with iron corrosion products (iron oxides and hydroxides).
n the iron technology literature, Cao et al. [6] were among the
rst research groups to investigate the reactions of azo dyes with
e0 materials. Their investigations were performed in analogy

o the works on the reductive degradation of organic compounds
7–10]. Therefore, the 150 years old work of Béchamp was not
onsidered. The treatment of azo dye wastewaters by Fe0 mate-
ials aims at producing aromatic amines that are easily degraded
y microorganisms [6]. Waste problems should be considered
s iron oxides and hydroxides are generated in the treatment
rocess which could act as adsorbents for azo dyes and their
egradation products [11]. Hou et al. [1] should have considered
his in designing their experimental procedure, in particular in
electing the initial pH values.

. Rationale for experimental conditions

First of all, the used Fe0 mass loadings (BET specific surface

rea 7.5 m2/g) varied from 1 to 5 g/L, corresponding to available
urface areas varying from 1.5 to 7.5 m2 (in 200 mL solution).
he cross-section of individual dye molecules is not given, the

eader cannot imagine whether the available surface area in each
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Fig. 1. Comparison of the six initial pH values of Hou et al. [1] with the pKa val-
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es of the individual azo dyes and representation of the predominance domains
or both iron corrosion types (pH < 4 hydrogen evolution and pH ≥ 4 oxygen
bsorption).

eaction bottle is sufficient to realize “stoichiometric” degrada-
ion (monolayer coverage of the Fe0 material). Furthermore, the

ixing intensity is not specified (“vigorous stirring”).
Secondly, considering the large variation in the pKa values of

he individual azo dyes, their impact in the interaction with iron
urface and the surface of iron oxides/hydroxides should have
een addressed, for example by determining the point of zero
harge (pzc) of the used Fe0 material and giving that of possible
ron oxides and hydroxides relevant to the experimental condi-
ions [12]. Fig. 1 shows that from the six investigated initial pH
alues, only one (pH 2) was inferior to all pKa values whereas
one was superior to the pKa of Orange I (pKa = 8.2). Ideally, at
east one initial pH value should have been intermediate to the
Ka of Orange I (8.2) and Orange II (11.4) and one should be
11.4. It is very likely, that the interactions of the investigated
zo dyes with corrosion products (iron oxides/hydroxides) are
esponsible for the observed differential behaviour of azo dyes.
ote that, the data in Figs. 3–5 of Hou et al. [1] are not obtained
nder the same experimental conditions. For example Fig. 4
epicts the degradation of azo dyes with different initial concen-
rations varying from 20 to 300 mg/L. The initial concentrations,
he Fe0 dosage, and the initial pH values were different for all the
yes. No justification is given for that. Moreover, the evolution
f the pH value during the reaction is not given. It is possible
hat in the experiment with pH 2 as initial pH value, the pH
ose rapidly to >4 and iron corrodes with another mechanism as
iscussed below.

Thirdly, from the iron corrosion literature, the tested pH val-
es (2.0, 4.0, 5.0, 6.0, 7.0 and 7.2) can be divided into two

ubgroups (Fig. 1): pH < 4 and pH ≥ 4 [13]. At pH < 4, iron
orrodes after the “hydrogen evolution mechanism” and is con-
rolled by two key factors: the conductivity and the pH of the
queous solution. At pH ≥ 4, iron corrodes after the “oxygen

[

[
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bsorption mechanism” and is controlled by two key factors:
he nature of the oxide-film (composition, porosity, thickness)
n Fe0, and the rate of azo dye diffusion through the film [13,14].
n both cases, the mixing intensity has a great impact of the
eaction rate as its accelerates species transport [9,15].

. Conclusions

The discussion above unequivocally shows that the exper-
mental conditions of Hou et al. [1] should have been more
ptimally selected. This weakness is partly due to the failure
f pioneers works of the iron technology to properly consider
he available literature on: (i) iron corrosion, and (ii) the use of
lemental iron in the synthetic organic chemistry. Nevertheless,
he authors may have to pay more attention to the referenced
ork of Mielczarski et al. [12] who discussed in some details

he role of oxide-film on the removal of azo dyes by Fe0 in weak
cidic solutions. Clearly a different choice in experimental con-
itions may have increased the value of the interesting work of
ou et al. [1].
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