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ABSTRACT

This study describes the application of TiO2, ZnO, TiO2–ZnO-based systems modified with
1.5 and 2.5% wt. Fe using the impregnation method for the maxilon blue 5G dye discol-
oration. Specific surface area (BET method), X-ray diffraction, thermogravimetric analysis,
and photoacoustic spectroscopy characterization techniques were used in this work. The
presented results indicate that structure alterations, textural properties, nominal metallic
charges, and photocatalyst thermal treatment affected the photocatalytic activity of the
system. Moreover, all of the synthesized catalysts yielded complete discoloration of the
maxilon blue 5G dye within 180 min of reaction. The reaction time required for total discol-
oration was strongly affected by the temperature of photocatalysts calcination. In general,
increasing the catalysts nominal metallic charge improves the adsorption process. A neural
model was developed for each studied catalyst using MLP network with three intermediate
layers, backpropagation learning algorithm, and sigmoid activation function implemented
in FORTRAN. The three models presented the best results with three neurons in the
intermediate layer. Therefore, the neural networks can be successfully employed to model
the discoloration process involving the synthesized catalyst (R2 varying between 0.98 and
0.99).

Keywords: Photocatalytic reduction; Reactive maxilon blue 5G dye; Characterization;
Artificial neural networks

1. Introduction

Dyes are colored substances majorly used in textile
fibers and fabrics coloring to permanently transmit

colors to other substances. They constitute an abun-
dant class of organic compounds characterized by the
presence of unsaturated groups (chromophores), such
as –C═C–, –N═N–, and –C≡N–, responsible for dye
colors—and functional groups—responsible for their
fixation to fibers such as NH2, –OH, –COOH,*Corresponding author.
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and –SO3H [1]. The discoloration of dyehouse
wastewaters is a major issue for the textile sector [2];
in this context, photocatalysis is a promising alterna-
tive to treat residual waters [3].

Superoxide anion radicals and hydroxyl radicals
(·OH) generated in the aqueous medium (Eqs 2 and 3)
are responsible for accelerating the oxidation of
pollutants [4,5].

Semiconductorþ hv ! e� þ hþ (1)

O2 þ e� ! �O�
2 (2)

H2Oþ hþ ! �OHþHþ (3)

OH� þ hþ ! �OH (4)

�OHþHþ ! �OH2 (5)

Overall, titanium dioxide (TiO2) is the preferred
photocatalyst for water detoxification because of its
ability to decompose several organic pollutants [6,7].
Even though the TiO2 anatase band gap is larger than
ZnO band gap (3.2 against 3.17 eV), under certain
conditions, ZnO is more effective than TiO2.
Daneshvar et al., (2007) reported that ZnO appears to
be a suitable alternative to TiO2 as it follows similar
photodegradation mechanism with TiO2 [8].

Moreover, introducing transition-metal ions into
the TiO2 enables the formation of doping conduction
and valence bands, subsequently moving the band
gap of TiO2 to the visible region. A dopant ion is also
able to act as a trap for electrons, which increases the
TiO2 catalytic activity under visible light irradiation
[9,10]. However, the doped TiO2 photoactivity
depends on the preparation method, thermal treat-
ment, nature of dopant ion, and its concentration [11].
Neural networks are mathematical models able to

learn and adapt, recognize and classify data by
rapidly processing complex and nonlinear time-
varying information [12]. The artificial neural net-
works (ANNs) are successfully employed as algo-
rithms for solving problems of mapping, regression,
modeling, multivariate data analysis, optimization,
control classification, and chemical differentiation [13].

Many authors have used neural networks for the
modeling of photocatalytic degradation process
[14–16] due to its great robustness, which hampers the
development of phenomenological models. In this con-
text, the objective of this research is to investigate the
effect of metal presence on the catalyst surface (1.5
and 2.5% wt. Fe) and calcination temperatures on
TiO2 and ZnO. The photocatalytic efficiency of blue
5G dye discoloration (Table 1 presents the structure
and characteristics of maxilon blue 5G, which is
widely used by the Brazilian textile industry [17]).

The influence of the basic operational parameters
on the predictive capability of ANN modeling
approach applied to the maxilon blue 5G dye
degradation/photodiscoloration was also investigated

2. Experimental procedure

2.1. Preparation of photocatalysts

This section contains aims to describe the
experimental methods and procedures to prepare the
Fe/TiO2, Fe/ZnO, and Fe/TiO2–ZnO photocatalysts.

The Fe/TiO2, Fe/ZnO, and Fe/TiO2–ZnO catalysts
were prepared applying the impregnation method to
the systems containing TiO2 (by Aldrich > 99.0% pur-
ity), ZnO (by Nuclear > 99.0% purity), and ethanol
solutions of the metal precursor (Fe prevenient from
FeCl3, by Synth P.A). Finally, the catalysts were
obtained after a 5 h (10˚C/min) calcination process at
300–500˚C, under static air atmosphere.

Table 1
Structure and characteristics of maxilon blue 5G [13]

Structure

λmax (nm) 654
Mw (g mol−1) 266
Water solubility (g L−1) (20˚C) 40
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2.2. Characterization of photocatalyst

Our study applied specific surface area, X-ray
diffraction, and photoacoustic spectroscopy in the
UV–vis range to characterize the developed catalysts.

2.2.1. Pore properties (BET Method)

Porous properties such as specific surface area,
mean pore diameter, and pore volume were measured
using a QUANTACHROME Analyzer—Model Nova-
1200 with N2 adsorption at 77 K. Both calcined and
noncalcined samples were submitted to these analyses.
All samples were previously submitted to a thermal
treatment at 300˚C for 2 h, under vacuum, to eliminate
any existing water within the pores of the solids.

2.2.2. X-ray diffraction

The samples were measured through a Rigaku–
Denki diffractometer with Cu-Kα radiation
(λ = 1.5406 Å) at voltage of 140 V and with 40 mA cur-
rent. The obtained patterns were compared against the
diffraction data-set cards from the Joint Committee of
Powders Diffraction Standards [18].

2.2.3. Thermogravimetric analyzer

Catalysts samples were analyzed using a SHI-
MADZU-Thermogravimetric Analyzer (TGA)—Model
TGA-50; approximately 10 mg of calcined and noncal-
cined samples were submitted to heating at 10˚C/min
ramp from room temperature to 1,000˚C, with
nitrogen (inert gas) flowing through at 20 mL/min.

2.2.4. Photoacoustic spectroscopy

The photoacoustic spectroscopy measurements in
the UV–vis spectral regions were performed using a
state-of-the-art experimental setup. In this system,
monochromatic light is provided by a 1,000-Watt xenon
arc lamp (Oriel Corporation 68820) and a monochroma-
tor model 77250, also by Oriel Instruments. The light
beam was modulated using a mechanical chopper—
Stanford Research Systems SR540.

A lab-made photoacoustic cell was designed to
have a minimal volume .The cell made of aluminum
blocks and machined to hold samples with dimensions
up to 5-mm diameter and 1-mm thickness, which
allows light to pass through a high transparent quartz
window of 6-mm diameter and 2-mm thickness.

The distance of the microphone chamber was
15 mm; it was connected to the sample holder room
through a 1-mm diameter duct. A 12-mm diameter

Bruel & Kjaer (model 2639) was capacitive micro-
phone, which presents a gain of 50 mV/Pa, and flat
frequency response between 1 Hz and 10 kHz. A
lock-in amplifier by EG & G Instruments (model 5110)
was also used. All of the photoacoustic spectra were
obtained at a 20-Hz modulation frequency and
recorded between 220 and 720 nm. Data were
acquired using a personal computer, and the PAS
spectra were normalized with respect to the carbon
black signal.

The band gap energies were calculated through
Eq. (6) is given as follows:

k ¼ hc

Egap
¼ 1; 240

Egap
(6)

where Egap is the band gap energy in eV units. The
direct method was applied (i.e. m = 2).

2.3. Photocatalytic experiments

2.3.1. Photocatalytic reaction

The reaction mixture was transferred to a reactor
consisted of a cylindrical Pyrex cell (5.0 × 10−4 m3) sur-
rounded by a water jacket and a magnetic stirrer,
which were used to ensure constant temperature
(25˚C) and solution homogeneity throughout the
experiment. The tests were performed and opened to
the air for 3,600 s. Oxygen was pumped at 8.3 ×
10−9 m3 s−1 into the solution containing 70 ppm of
reactive blue 5G dye and 1 g of the photocatalyst
(2 kg m−3). UV light was irradiated using125-W med-
ium pressure mercury lamp surrounded by a quartz
thimble. At regular intervals of time, an aliquot of the
suspension was withdrawn and filtered using a
0.45-μm Millipore filter. The discoloration of the solu-
tions as a function of time was quantified using a
spectrophotometer Shimadzu UV-1203 UV/vis.

2.3.2. Adsorption behavior of dyes

The adsorption tests were performed applying the
same procedure, but without presence of light. Experi-
ments in absence of photocatalysts were also
conducted (i.e. photolysis only) [19].

2.4. ANN model development

Our study used the multilayer perceptron neural
network (MLP), especially because its architecture is
clear and it carries a simple mathematical formulation,
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making it an easy tool for modeling and optimization.
The following discussion presents the major elements
of the ANN—the model structure (architecture) and
the ANN training.

2.4.1. ANN structure selection

The origin of the ANN is the artificial intelligence.
It consists of massively interconnected processing ele-
ments arranged in a layered structure. The input neu-
rons are connected to the output neurons through
layers of hidden nodes. Each neuron processes
information through an activation function; hidden
units with nonlinear activation function result in non-
linear mapping [20].

The foundations of the neural networks are the
artificial neurons or processing elements. The neurons
of the first layer have only the function of distributing
the input signals for the next layers. After the input
layer, the signals flow through the hidden layers
until they reach the output layer, according to Eqs. (7)
and (8).

If we consider a neuron “i” of layer “k”, the previ-
ous layer provides this neuron with information pon-
dered by the weight of the connections. The neuron
generates a summation of these pondered inputs and
the resulting value is added to an internal activation
limit or bias, w

ðkÞ
i;0 . The resulting signal of the neuron

“i” produces a response X
ðkÞ
i according to the activa-

tion function or transfer function f(•). Mathematically,
this is expressed as:

S
kð Þ
i ¼ w

kð Þ
i;0 þ

Xnk�1ð Þ

j¼1

w
kð Þ
i;j X

k�1ð Þ
j (7)

X
kð Þ
i ¼ f S

kð Þ
i

� �
(8)

A MLP with a single layer of sigmoidal hidden
neurons and with a layer of linear output neurons
was employed. This structure is widely applied [21]
for having nonlinear processing capabilities and a uni-
versal approximation property [22].

Small random values are used in the initialization
of weights and biases. Subsequently, the standard
backpropagation learning algorithm [23], based on a
gradient descendent method implemented in FOR-
TRAN is employed to calibrate the ANN.

An ANN model was developed for each different
catalyst applied to the discoloration of the 5G blue
dye, was developed, considering 70% for training
data-set and another 30% for validation data-set. Fig. 1
illustrates the considered parameters for input and
output layers: time, calcination temperature, and
metallic charge for input layer, and discoloration for
output layer.

To build the neural networks model, we have
different numbers of hidden neurons trained with
the training data-set; their performances were assessed
regarding the ability to make correct predictions
of the validation data-set in terms of mean square
error.

Fig 1. Artificial neural network structure.
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3. Experimental results

Table 2 presents the results of specific surface area
(So), mean pore volume (Vp), and average pore
diameter (dp) of the synthesized catalysts—calcined
and noncalcined samples. Fig. 2 illustrates the
alteration in the profiles of TGA and DTGA of the
samples. Fig. 3 presents the catalysts diffractograms.
Table 3 presents the UV–vis data. Figs. 4 and 5 show
the results of the photocatalytic discoloration of the
synthetic effluent. Fig. 6 provides the validation data
results and ANN models developments. Tables 4, 5,
and 6 present the adjustable parameters of model.

4. Discussion

4.1. Characterization

4.1.1. Specific surface area, mean pore diameter, and
pore volume

It was observed (Table 2) that the samples contain-
ing 1.5 and 2.5% Fe/TiO2, 1.5 and 2.5% Fe/ZnO and
1.5% Fe/TiO2–ZnO presented a decrease in the surface
area due to particle agglomeration, heating, and pore
blockage using metal [24] when increasing the
calcination temperature (300–500˚C). The samples with
1.5% Fe/TiO2 and 2.5% Fe/ZnO calcined at 300˚C
presented the increased specific surface area when

compared to the area of noncalcined catalysts due to
residue elimination from the pores of the material.

Regarding the metallic charge, negligible influence
on the surface area of Fe–TiO2 samples calcined at
300˚C was observed when increasing the metal con-
tent. In contrast, when the calcination occurred at
500˚C, the samples with higher Fe content presented
smallest surface area. For the Fe–ZnO calcined
samples, the increase in Fe content resulted in larger
surface areas; for the Fe–TiO2–ZnO samples calcined
at 300˚C, a decrease in surface area was observed
when increasing the Fe content; finally, for the same
samples calcined at 500˚C, higher Fe content yielded
larger surface areas.

4.2. Thermogravimetric analysis

Fig. 2 shows the TGA and DTGA data for the
calcined samples (300 and 500˚C) prepared with 1.5
and 2.5% Fe–TiO2 (Fig. 2(A1) and (A2)); 1.5 and 2.5%
Fe–ZnO (Fig. 2(B1) and (B2)); and 1.5 and 2.5%
Fe–TiO2–ZnO (Fig. 2(C1) and (C2)).

The 1.5% Fe/TiO2 sample (Fig. 2(A1)) presented
mass loss at the low temperature zone (Troom~ 150˚C)
due to the elimination of adsorbed water [17]. Similar
behavior was observed on the 2.5% Fe/TiO2 samples
(Fig. 2(A2)).

In contrast, the 1.5 and 2.5% Fe/ZnO sample
(Fig. 2(A2)) revealed a significant decrease in mass

Table 2
So, Vp, and dp values of the synthesized catalysts

Catalysts % (wt)
Thermal treatment
(˚C)

Specific surface area,
So (m2/g)

Pore volume
(cm3/g)

Average pore diameter
(Å)

Fe/TiO2 1.5 Non-calcined 0.899 1.342 × 10−3 59.74
300˚C 3. 039 1.339 × 10−3 17.62
500˚C * * *

2.5 Non-calcined 3.300 4.657 × 10−3 56.45
300˚C 3.004 4.513 × 10−3 61.09
500˚C 2.655 3.939 × 10−3 59.36

Fe/ZnO 1.5 Non-calcined 9.781 9.707 × 10−3 39.70
300˚C 8.162 1.130 × 10−2 55.38
500˚C 2.041 2.818 × 10−3 55.22

2,5 Non-calcined 6.421 5.552 × 10−3 34.59
300˚C 13.35 1716 × 10−2 51.41
500˚C 5.715 8.440 × 10−3 59.09

Fe/TiO2–ZnO 1.5 Non-calcined 5.374 2.841 × 10−3 21.21
300˚C 6.229 1.025 × 10−2 65.81
500˚C 0.7622 8.067 × 10−4 42.34

2.5 Non-calcined 11.31 1.113 × 10−2 39.37
300˚C * * *
500˚C 4.964 6.548 × 10−3 52.77

*Not possible to detect the results with the equipment used.
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which was even larger for samples calcined at
300˚C. The 1.5% Fe/ZnO sample calcined at 300˚C
(Fig. 2(B1)) presented peak with maximum value at
165˚C corresponding to the total mass loss of
4%. Similarly, with the increased metallic charge
sample—2.5% Fe/ZnO (Fig. 2(B2))—a maximum was
observed at, with the total mass loss of 4.5%. The
1.5 and 2.5% samples calcined at 500˚C suffered

a total mass loss of 0.6 and 0.5%, respectively,
proving the efficiency of the thermal treatment
(calcination).

As expected, the Fe/TiO2–ZnO samples (Fig. 2(C1)
and (C2)) presented higher mass loss when calcined at
300˚C. The total mass loss was 4.5 and 6.5% for the 1.5
and 2.5% samples, respectively. For these samples, the
highest mass loss occurred in the low temperature
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zone (Troom~ 200˚C). In addition, the samples calcined
at 500˚C presented similar behavior of the Fe/ZnO
catalyst (at the same conditions), with approximate
mass loss of 0.7% (1.5% Fe/TiO2–ZnO) and 0.6%
(2.5% Fe/TiO2–ZnO).

4.3. X-ray diffraction

Fig. 3 illustrates the diffractograms of the 1.5%
Fe/TiO2 calcined catalysts (300 and 500˚C—Fig. 3((A),
(a) and (b), respectively). Crystalline structures and
increased peaks intensity at high temperatures was
observed.

In contrast, no significant variation was detected
when increasing the metallic charge (1.5–2.5%
(Fig. 3(A), (c) and (d), respectively). Anatase and rutile
species were intensified; some authors claim that the
anatase phase is ideal for photocatalysis [25–27]; how-
ever, recent studies have revealed that both the rutile
and the anatase phase present high photocatalytic
activity [28].

Differences in lattice structures of anatase and
rutile TiO2 yield varied densities and electronic band
structures, which lead to different band gaps (for bulk
materials: anatase 3.20 eV and rutile 3.02 eV) [29,30].
Therefore, the absorption thresholds correspond to 384
and 410-nm wavelengths for both titania forms,
respectively. We also observed that the addition of
metal resulted in absorption thresholds displacements
for all studied samples (Table 3). The X-ray diffraction
of material 1.5 and 2.5% Fe/ZnO (Fig. 3(B)) revealed
that only species of ZnO were found. The sample
2.5% Fe/ZnO presents the same behavior. Fig. 3(C)
illustrates the diffractograms for samples 1.5 and 2.5%
Fe/TiO2–ZnO; ZnO, TiO2 presented rutile form. For
all samples, iron presented no corresponding
crystalline phases for being highly dispersed.

4.4. Photoacoustic spectroscopy

Data collected from UV–vis revealed different
values of energy gap in the photocatalyst, depending
on the calcination temperature and doped system
(Table 3). By comparing the band gap value of
commercial TiO2 (3.12, calcined at 500˚C, and 3.13,
calcined at 350˚C) [31] against TiO2 doped with Fe, the
later presented the lowest value. Band gap from alter-
ations in the semiconductor such as the dopant may
result in crystal imperfection [32]. Except for Fe/TiO2,
the increase in metallic charge implied an increase in
band gap for both the calcination temperature cases.
Also, significant influence of calcination temperature
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on the 2.5% Fe/ZnO photocatalyst was observed,
(from 2.78 to 2.92 eV).

4.5. Photocatalytic behavior

Figs. 4 and 5 illustrate the photocatalytic discol-
oration and adsorption results of synthetic effluent
containing reactive blue dye 5G for Fe/TiO2, Fe/ZnO,
and Fe/TiO2–ZnO catalysts regarding different metal-
lic charges and calcination temperatures. . The values

revealed that, in this case, the photocatalytic discol-
oration in an aqueous solution can be described
through a first-order-kinetic model, ln(C0/C) = kt,
where C0 is initial concentration and C is concentra-
tion at any time t.

All catalysts provided full discoloration of the
reaction system. Greater efficiency time for catalysts
calcined at 300˚C was observed.

Fe–TiO2 and Fe–ZnO (~40 min) catalysts required
shorter time for total discoloration (100%) as well as
Fe–TiO2–ZnO (~50 min) catalysts calcined 300˚C for
1.5 and 2.5% Fe. The Fe–ZnO catalyst presented the
largest surface area (8.162 m2/g), and the smallest
band gap (2.51 eV), justifying the behavior. Nonethe-
less, the Fe–TiO2 catalyst obtained the smallest surface
area and the largest band gap (2.60 eV). In addition,
Fe–TiO2 catalysts presented structure containing rutile
and similar behavior under such conditions.

In contrast, a different behavior with the increase
in calcination temperature was observed (Fig. 4(B)).
The Fe–ZnO catalyst presented the shortest time
required for the total discoloration (40 min); its band
gap was smaller (2.55 eV) than the Fe–TiO2 (2.79 eV—
total discoloration time ~80 min) and the Fe–TiO2–
ZnO (2.59 eV—total discoloration time ~ 80 min)
catalysts.

Fig. 5(A) (calcined at 300˚C) and (B) (calcined at
500˚C) illustrate the behavior of catalysts with nominal
charge of 2.5% wt. We observed the significant differ-
ence between Fe/ZnO calcined at 300˚C, with the
most satisfactory discoloration time (~30 min.), and
the same sample calcined at 500˚C (~50 min.), which
presented the highest discoloration time. This fact
indicates the occurrence of nonfavorable structural
alteration to photocatalysis when the catalyst was
calcined at 500˚C.

This catalyst also presented an increase in band
gap upon calcination at higher temperatures, going
from 2.78 eV (calcined at 300˚C) to 2.92 eV (calcined at
500˚C). Comparing Fig. 5(A) and (B), a greater time

Table 3
Photoacoustic spectroscopy

Catalyst % (wt)

Calcination temperature

300(˚C) 500(˚C)

Band gap (eV) Absorption threshold (nm) Band gap (eV) Absorption threshold (nm)

Fe/TiO2 1.5 2.60 476 2.79 444
2.5 2.57 482 2.41 514

Fe/ZnO 1.5 2.51 494 2.55 486
2.5 2.78 446 2.92 421

Fe/TiO2–ZnO 1.5 2.59 478 2.59 478
2.5 2.75 451 2.83 438

Table 4
Adjust parameter for Fe/TiO2 using ANN model

Wk
0j Wkþ1

0j Wk
1j Wk

2j Wk
3j Wkþ1

1j

j = 1 −6.786 1.730 2.096 −6.513 −0.186 −26.071
j = 2 86.854 * 8.501 −3.936 0.483 −2.559
j = 3 0.038 * −0.505 20.071 27.844 −1.476

*There is no associated value.

Table 5
Adjust parameter for Fe/ZnO using ANN model

Wk
0j Wkþ1

0j Wk
1j Wk

2j Wk
3j Wkþ1

1j

j = 1 −9 7 18 −12 0.478 −16
j = 2 55 * −0.086 −6 4 −2
j = 3 5 * −0.505 16 19 −3

*There is no associated value.

Table 6
Adjust parameter for Fe/TiO2–ZnO using ANN model

Wk
0j Wkþ1

0j Wk
1j Wk

2j Wk
3j Wkþ1

1j

j = 1 −9 9 −0.081 −7 0.053 −18
j = 2 67 * 18 −6 5 −2
j = 3 5 * −0.080 18 21 −2

*There is no associated value.
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required for complete discoloration can be noticed
when the catalyst was calcined at 500˚C.

The adsorption on the catalysts surface was, in
general, favorable for catalysts with higher Fe content
(Fig. 5), which probably occurred due to their
increased surface areas.

4.6. Artificial neural network model

Fig. 6 illustrates the results for the photocatalytic
discoloration ANN Models of synthetic effluent
containing reactive blue dye 5G and Fe/TiO2, Fe/ZnO
or Fe/TiO2–ZnO catalysts with various metallic
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Fig. 4. Photocatalytic discoloration of blue 5G dye content 1.5% wt. Fe for Fe–TiO2, Fe–TiO2–ZnO, and Fe–ZnO
photocatalysts calcined at (A) 300˚C and (B) 500˚C. (in detail adsorption test).
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charges and calcination temperatures. It also illus-
trates the comparison between the experimental
adsorption and the ANN Model results. The input
values for the ANN model were the time discol-
oration, the calcination temperature, and the metallic
charge; the output value was the discoloration
magnitude.

For the evaluated ANN models with different
numbers of hidden neurons, better results were
observed with three hidden neurons. A larger number
of neurons only increase the time computational.

Tables 4–6 present the ANN models for catalyst
Fe/TiO2, Fe/ZnO, and Fe/TiO2–ZnO. All of the mod-
els developed with three neurons hidden layer used
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four bias—three for the intermediate layer (Wk
0j), one

for the output layer (Wkþ1
0j ). In addition, this layer had

twelve weights adjusted—nine are connection parame-
ters with the input layer (k − 1) and the neurons of the

intermediate layer (k); the remaining three were
parameters connecting the intermediate layer with the
output layer (k + 1).

Fig. 6(A) illustrates the results of the discoloration
of catalysts Fe/TiO2; the ANN model and validation
data. The model presented an excellent result repre-
senting very accurate data.

Fig. 6(B) brings the results for the discoloration
using catalyst Fe/ZnO; the values were satisfactory
but did not present the same performance of the neu-
ral model for the discoloration with catalyst Fe/TiO2.
It happened because the number of experimental data
with values differs from zero—catalyst Fe/TiO2—the
discoloration occurs more slowly and generates more
experimental data to train and validate the networks.

Fig. 6(C) presents the results for catalysts Fe/TiO2–
ZnO; they presented intermediate discoloration, that
is, it was not as slow as the discoloration obtained for
catalyst Fe/TiO2, and not as fast as the discoloration
obtained for Fe–ZnO. Therefore, the generated model
presented good representativity for the validation
data.

An alternative to validate the generated neural
models is to relate the generated data through the
neural and validation models to a line of tendency
and establishment of the correlation coefficient (R2).
In that case, the obtained correlation coefficients were
R2: 0.99947, 0.98202, and 0.98126 for neural models
Fe/TiO2, Fe/ZnO, and Fe/TiO2–ZnO, respectively.
The details in the Fig. 6 present the results for the
neural model with the lowest correlation coefficient.

5. Conclusions

The results obtained from photocatalytic tests
revealed that, under the tests conditions, nominal
metallic charge, calcination temperature, and the type
of oxide influenced the photocatalytic discoloration of
the synthetic effluent containing reactive blue dye 5G.
All catalysts provided the total discoloration of the
reaction medium. When calcined at 300˚C, Fe–TiO2–
ZnO presented better discoloration efficiency than
Fe–TiO2 and Fe–ZnO. However, when calcined at
500˚C the following ranking, based on the amount of
time required for complete discoloration, was
obtained: Fe–ZnO < Fe–TiO2–ZnO < Fe–TiO2. In addi-
tion, it was observed that, with the increase in metallic
charge from 1.5 to 2.5% wt. Fe, both Fe–TiO2 and
Fe–ZnO catalysts (calcined at 300˚C) maintained the
same discoloration time (40 min); however, the cata-
lyst containing mixed oxides (TiO2–ZnO) required the
highest amount of time to reach total discoloration of
the medium 80 min. Moreover, the increase in calcina-
tion temperature (500˚C) resulted in the increase in
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total discoloration time. We emphasize that the 30 min
increase in discoloration time for the Fe–TiO2 catalyst
only with the increase in metallic charge as the most
significant difference under the same conditions.

Finally, the most satisfactory structure to build the
neural models was composed of three neurons of the
intermediate layer. The ANNs can be successfully
employed to build discoloration models for the stud-
ied catalysts (R2 ranging 0.99947–0.98202). Even when
a reduced number of experimental data is available
for training and testing the networks, the model still
maintains the good performance.
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