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a b s t r a c t

The feasibility of the photobleaching of a leather acid dye, acid red 151, simultaneously to degradation of
anionic surfactant, Tamol®, and reduction of Cr(VI) to the less toxic Cr(III) was investigated by photoelec-
trocatalytic oxidation. The best experimental conditions were found to be pH 2.0 and 0.1 mol L−1 sodium
sulfate when the nanoporous Ti/TiO2 photo anode was biased at +1.0 V and submitted to UV-irradiation.
The photoelectrocatalytic oxidation promotes 100% discoloration, reducing around 98–100% of Cr(VI) and
vailable online 27 November 2008
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achieving an abatement of 95% of the original total organic carbon. The effect of pH, the applied potential,
the Cr(VI) concentration and the complexation reaction between Cr(VI) and acid red dye were evaluated
as to their effect on the kinetics of the reaction.

© 2008 Elsevier B.V. All rights reserved.

. Introduction

The transformation of raw skin into manufactured products
equires a series of complex treatments [1]. This process of tanning
s one of the oldest procedures in the world, and currently these
ndustrial activities are based on chemical processes involving sev-
ral organic and inorganic compounds, such as: acids, chromium
alts, dyes, auxiliaries and other chemical additives [2]. There-
ore, tannery wastewaters constitute a substantial pollutant. These
astewaters can cause severe environmental problems related to

heir high chemical oxygen demand, elevated chrome concentra-
ions and deep color content. While the tanning industry has been in
xistence for centuries, the significant deterioration of water bodies
ue to these improperly managed wastewaters has received serious
onsideration only in the last few years [3,4].

Although the majority of operations in the leather industry are
ased on the use of Cr(III), attention is being expressed about the
ossible hazards arising from the presence of chromium(VI) in
he effluent due to its generation by oxidation steps or natural
io-transformations in the environment [5,6]. The environmen-
al importance of these species is derived from the difference in
oxicity of the different valence states of chromium. Hexavalent
hromium is highly soluble, remarkably toxic and is a suspected

∗ Corresponding author. Fax: +55 16 33227932.
E-mail address: boldrinv@iq.unesp.br (M.V.B. Zanoni).

carcinogen and mutagen. Cr(III), in contrast, is readily precipitated
at a certain pH and exhibits no toxicity, even being considered
an essential element to human metabolism at controlled levels
[7].

In addition, the dyeing of leather is one of the most impor-
tant steps in post-tanning operations in leather production. The
use of acid dyes bearing azo groups is very popular in the leather
industry. This process typically requires surfactants or other dis-
persing agents to overcome the complexity of leather as a substrate.
Therefore, as a consequence a very complex effluent is generated
containing organic and inorganic compounds that can be lost to
superficial water due to inefficient operations of the treatment.
In addition, another complication is the possible complexation
between chromium and some azo dyes [8] that can leads to very
stable complex, which is harder to destroy.

Over the last few years, a number of studies have been proposed
to remove organic waste materials and others have been aimed at
removing inorganic pollutants. One of the most promising methods
to treat such complex systems has been the photocatalytic system
due to their ability to treat low levels of contaminants [9]. Several
authors have indicated the possibility to reduce Cr(VI) using semi-
conducting materials such as TiO2 [10,11]; ZnO [12,13]; WO3 [14];
among others. On the other hand, the application of photocatalytic
methods for the oxidation of dyes in wastewater using TiO2 and
UV-irradiation is a well-known process [15–17]. Although, the
reduction of chromium simultaneously to oxidation of organics
be previously explored in the literature [18–20] the high rate of
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electron/hole pair recombination reduces the quantum yield of the
TiO2 process and represents a major drawback to its application.

Photoelectrocatalytic oxidation has been proposed as an attrac-
tive way to increase photocatalytic efficiency in general, especially
for degrading textile dyes [21,22]. In this system, a biasing potential
is applied across a photoanode on which the catalyst is supported.
While the method has been presented higher efficiency for the suc-
cessful conversion of some textile organic compounds, few studies
have been conducted on the application of photoelectrochemistry
to promote the simultaneous reduction of chromium and the oxi-
dation of textile dye.

In the present work, we report the simultaneous reduction of
Cr(VI) and also the degradation of the acid dye 151 in the presence
of a surfactant agent (currently used in tanning/dyeing operations
involving leather production to stabilize the color, to improve the
dye solubility and also to improve fixation onto the leather fibers),
by photoelectrocatalysis on nanoporous Ti/TiO2 electrodes, simu-
lating leather wastewater. The photoelectrocatalytic reduction of
Cr(VI) was systematically compared to the photocatalytic process
and the degradation of the azo dye with and without surfactants
followed by measuring the kinetic parameters, assessing the total
organic carbon (TOC) removal and the solution discoloration to ver-
ify the effectiveness of this method.

2. Experimental

2.1. Preparation of Ti/TiO2 thin-film electrodes

Titanium(IV) isopropoxide (Aldrich) was used as a precursor for
preparing TiO2 colloidal suspensions. Typically, 20 mL of titanium
isopropoxide was added to a nitric acid solution keeping the ratio of
Ti/H+/H2O at 1/1.5/200. The resulting precipitate was continuously
stirred until completely peptized to a stable colloidal suspension.
This suspension was dialyzed against ultrapure water (Milli-Q Mil-
lipore) to a pH of 3.5 using a Micropore 3500 MW membrane.
Thin-film photoelectrodes were dip-coated onto a titanium-foil
backed contact (0.05 or 0.5 mm thick, Goodfellow Cambridge Ltd.)
after heating the Ti foils to 350 ◦C. A sequence of dipping, drying
and firing at 350 ◦C for 3 h was used after each coating (five repe-
titions) according to a procedure described earlier [23]. A detailed

description of the characterization of these thin-film electrodes is
presented elsewhere [24].

2.2. Apparatus and procedure

The photoelectrocatalytic oxidation experiments were per-
formed in a 250 mL single compartment reactor maintained at
25 ◦C using a thermostatically controlled water bath (Nova Téc-
nica, Brazil). A working electrode of (TiO2) acting as anode (12 cm2),
an auxiliary electrode of pt gauze and an Ag/AgCl reference elec-
trode were arranged within the cell. The photoactive area of the
anode (TiO2) was 12 cm2 and was illuminated using a UV light
source (315–400 nm) from a 125 W Philips medium pressure mer-
cury lamp (I = 9.23 W/m2) without the glass, inserted into a quartz
bulb separated by a distance of 2.5 cm from the photoanode. The
surfactant and dye in 0.1 mol L−1 sodium sulfate (Na2SO4) solu-
tions were placed into the reactor without any pretreatment and
the photoelectrochemical process was carried out using bubbling
compressed air.

A potentiostat/galvanostat EG & G PARC Model 283 controlled
by the software electrochemical 270 was used to bias the pho-
toanode in the photoelectrocatalytic oxidation experiments. All pH
measurements were made using a Corning 555 pH meter. In exper-
iments where the pH was to be kept constant, 0.1 mol L−1 NaOH
solution or H2SO4 solution was added to the cell in order to control
the pH.

The concentrations of both surfactant and dye in solutions were
analyzed using a Hewlett Packard 8453 spectrophotometer operat-
ing from 190 to 1000 nm in a quartz cell. The total organic carbon
was monitored using a total organic carbon analyzer (a Shimadzu
5000A).

The Cr(VI) content was determined using the official colori-
metric method [25], which employs the reaction with diphenyl-
carbazide (DPC), calibrated previously to a minimum detectable
concentration of Cr(VI) of 10 �g L−1. Aliquots of 200 �L of the
photoelectrolyzed solution were collected in a tube containing
DPC solution in acidic medium. The product of the instantaneous
reaction produced a red color (� = 540 nm), which was analyzed
immediately by measuring the absorption spectra in the visible
range of 400–800 nm. The complex formation was carried out fol-

Fig. 1. UV–Vis spectra recorded before and after photoelectrocatalytic oxidation on Ti/TiO2 thin-film anode of 0.005% (m/v) acid 151 dye + 0.009% surfactant + 14.12 mg L−1

Cr(VI) in 0.1 mol L−1 Na2SO4 at pH 2.0 under applied potential of 1.0 V and UV-irradiation. Treatment times: (1) 0, (2) 5, (3) 10, (4) 15, (5) 20, (6) 30, (7) 45 and (8) 60 min.
Inlet: Chemical structure of acid red 151 dye.
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Fig. 2. Percentage of color removal during photoelectrocatalytic oxidation for (A)
0.003% acid 151 dye in Na2SO4 0.1 mol L−1 at pH 2.0 (� = 500 nm); (B) 0.009% of
Tamol® surfactant in Na2SO4 0.1 mol L−1 at pH 2.0 (� = 285 nm); (C) 0.003% acid
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0.003% (m/v) acid dye 151 + 0.009% surfactant and 14.12 mg L
Cr(VI) in 0.1 mol L−1 Na2SO4. Three distinct conditions were inves-
tigated: the photolysis operating only with UV-irradiation (A); the
photocatalytic treatment using UV light without a bias potential
(B) and the photoelectrocatalytic treatment (C), i.e., using both UV
51 dye + 0.009% of Tamol® surfactant in Na2SO4 0.1 mol L−1 at pH 2.0 (� = 500 nm);
D) 0.003% acid 151 dye + 0.009% of Tamol® surfactant in Na2SO4 0.1 mol L−1 at
H 2.0 + 14.12 mg L−1 Cr(VI). Photoelectrocatalysis operating with Ti/TiO2 anode at
app = +1 V under UV-irradiation.

owing the UV–Vis spectra for 0.003% (m/v) acid 151 dye solution
ontaining 0.009% (m/v) Tamol® in Na2SO4 0.01 mol L−1 solution at
Hs of 2.0, 6.0 and 12.0.

. Results and discussion

.1. Photoelectrocatalytic oxidation

Fig. 1 illustrates the efficiency of the system to decolorize a
olution containing 0.005% (m/v) acid 151 dye + 0.009% surfac-
ant + 14.12 mg L−1 Cr(VI) in 0.1 mol L−1 Na2SO4 at pH 2.0 under
pplied potential of 1.0 V and UV-irradiation. The photoelectrocat-
lytic treatment leads to complete vanish of the color and bands of
he UV region.

The performance of photoelectrocatalytic treatment on each
ndividual component can be better analyzed on Fig. 2. 100% of dis-
oloration was observed by monitoring the bands at 500 nm after
0 min, as shown Curve A. Fig. 2B indicates the decay obtained for
0.009% Tamol® surfactant (monitored at a typical absorption on
85 nm). Fig. 2C shows the results for 0.003% acid 151 dye + 0.009%
f Tamol® surfactant (monitored at 500 nm) and Fig. 2D illus-
rates the degradation for a solution containing 0.003% acid 151
ye + 0.009% of Tamol® surfactant in Na2SO4 0.1 mol L−1 at pH
.0 + 14.12 mg L−1 Cr(VI) (monitored at 500 nm) under the same
xperimental conditions. All solutions showed 100% removal after
0 min of treatment.

The photodegradation rate of solution of dye and surfactant can
e represented by linear plot of ln C/C◦ vs t with a slope of 0.076
nd 0.070 min−1. However, this value is at least 32% lower than
hen the dye is treated in the presence of surfactant. This value

s expected since the occurrence of surfactant micelles plays an
mportant role in the solubility of the dye [26]. Since acid dye 151
s always used in the leather industry in the presence of Tamol®

urfactants, all further studies were carried out under these condi-
ions.

In contrast to the previous results, the decrease in concen-

ration as a function of time plotted as ln [A]t/[A] vs t shows

deviation when Cr(VI) is present in the solution containing
ye + surfactant. Degradation of the dye fits a second-order
inetic law, whose relationship of 1/A vs t, which yields a
lope of 1.38 mol−1 L min−1. The time required for complete
ous Materials 166 (2009) 531–537 533

degradation given in comparative order is represented by: dye
solution < surfactant < dye + surfactant < dye + surfactant + Cr(VI).
The decreases in the presence of Cr(VI) could be attributed to the
reduction in the light intensity reaching the TiO2 film surface due
to the lower transparency of the solution, but the complexation
reaction between the Cr(VI) and the acid dye 151 cannot be
discarded.

3.2. Complexation of acid red dye and Cr(VI)

In order to help interpret a suspected interaction of the acid
red dye and Cr(VI), UV–Vis spectra were recorded for 25 h for sam-
ples of 0.003% acid dye + 0.009% Tamol® surfactant in Na2SO4 at
pH 2.0, 6.0 and 12 monitoring absorbance decay in the presence
of 1.0 × 10−4 mol L−1 Cr(VI), as shown Fig. 3. There is no alteration
without Cr(VI) (Curve A), but a marked reduction in the absorbance
of the dye of up to 80% is observed in the presence of Cr(VI) after
24 h at pH 2.0. The system also pointed a diminution of 30% in
alkaline medium (Curve C) and 15% at 6.0 (Curve B). The same
effect is observed when Cr(VI) is increased in a solution containing
the acid red 151 dye (not shown here). These results indicate that
acid dye 151 could be acting as a powerful ligand particularly in
acidic medium, which is able to form complexes with Cr(VI). This
phenomenon has been previously verified in studies of the com-
plexation of Cr(VI) with citrate, and EDTA ligands [27,28]. These
results indicate that the complex formation between Cr(VI) and acid
dye 151 could substantially affect the rate of degradation in relation
to the color change promoted by Cr(VI) in the photoelectrocatalytic
process.

All of the further studies below were carried out using a syn-
thetic sample of a tanning effluent containing acid dye 151, a
surfactant and Cr(VI).

3.3. Comparison of the efficiency of photolysis, photocatalysis and
photoelectrocatalysis to treat simulated leather effluent

Fig. 4 presents the effect of photoelectrocatalytic process, pho-
tolytic and photocatalytic on the discoloration of a 250 mL of a

−1
Fig. 3. Influence of time on the absorbance reduction recorded for a solution of
0.003% (m/v) acid dye 151 in Na2SO4 0.1 mol L−1 + 0.009% surfactant before (A) and
after addition of 5 × 10−4 mol L−1 Cr(VI) at pH 6.0 (B), pH 12 (C) and pH 2.0 (D).
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ig. 4. Percentage of removal of acid dye 151 during: (A) photolytic; (B) photocat-
lytic and (C) photoelectrocatalytic treatments.

ight and 1.0 V (SCE) of biasing potential. The percentage conversion
btained indicates complete color removal after 20 min of photo-
lectrolysis. But, the color removal is lower under photocatalytic or
hotolytic treatment.

The results were also analyzed by comparing its mineraliza-
ion. Dissolved total organic carbon measurements were conducted
y treatment using photolysis, photocatalysis and photoelectro-
atalysis, which results are shown in Fig. 5A–C, respectively. While
hotoelectrocatalysis promotes a TOC reduction of 94.6%, photol-
sis and photocatalysis promote only 35% and 61% respectively.
hese results suggest that the photoelectrocatalytic treatment is
ery effective not only to promote the rupture of the chromophore
nd some aromatic centers but also results in the complete oxidiz-
ng of a portion of the organic matter to CO2.

.4. Effect of Cr(VI)

The reduction of Cr(VI) in a solution containing 0.003%
m/v) acid 151 dye + 0.009% surfactant and 14.12 mg L−1 Cr(VI) in
.1 mol L−1 Na2SO4 was monitored by aliquots removal and the per-
entage reduced during treatment is shown in Fig. 6. The process

eaches a level of 100% Cr(VI) reduction after 10 min of photo-
lectrocatalytic oxidation. This can be explained by the following
quation representing the process operating on the TiO2 photoan-
de under UV-irradiation and cathode respectively:

ig. 5. Percentage of TOC removal of acid dye 151 during photolytic (A); photocat-
lytic (B) and (C) photoelectrocatalytic treatment.
Fig. 6. Percentage of Cr(VI) reduction during photoelectrocatalytic degrada-
tion: solution containing 0.003% (m/v) acid red 151 dye + 0.009% (m/v) of
Tamol® + 14.12 mg L−1 of Cr(VI) in Na2SO4 0.1 mol L−1 pH 2.0.

Photoanode:

TiO2 + h� → TiO2 − e−
bc + TiO2 − h+

bv (1)

TiO2 − h+
bv + H2Oads → TiO2 − OH•

s + H+ (2)

Dye + TiO2 − OH•
s → products (3)

Surfactant + TiO2 − OH•
s → products (4)

Cathode:

2H2O + 2e− → H2 + 2OH− (5)

HCrO4
− + 7H+ + 3e− → Cr3+ + 4H2O (6)

where, h� is the UV-irradiation, bv is the valence band and bc
is the conduction band. When TiO2 is irradiated with light less
than 380 nm, electron–hole pairs are generated when electrons are
excited from their resting valance band to the conduction band
(Eq. (1)). The photocatalytically generated electrons and holes can
then reduce or oxidize other species, respectively. However, if these
electrons and holes immediately recombine, they simply generate
heat, and any opportunity to initiate desired oxidation–reduction
reactions is lost. Electron–hole recombination is reduced by charge
separation, which can be achieved by applying a potential to an
irradiated TiO2 electrode. In addition, the movement of the elec-
trons along the external circuit increases the likelihood of reactions
occurring at either the working or counter electrode. This more
efficient use of electrons and holes is the added benefit of photo-
electrocatalysis over photocatalysis, and the reason for the applied
potential in this study. The hole–electron pairs generated at the
surface of the TiO2 photoanode are responsible for the production
of the powerful hydroxyl radical (OH•) oxidizing agent, which pro-
motes the oxidation of the dye and surfactant to CO2 + products.
In a similar manner, Cr(VI) is simultaneously reduced by electron
driven to the Pt cathode during photoelectrocatalytic experiments.

We also observed one other interesting phenomenon when pho-
tolytic and photocatalytic experiments were carried out under the
same experimental conditions. The reduction of Cr(VI)/Cr(III) was
negligible (2.64%) after 60 min of photolytic treatment. However, a
95.8% conversion was obtained for the photocatalytic process after
30 min of treatment, illustrating that photocatalysis alone can be

used to reduce Cr(VI)/Cr(III). But, under this system is observed
only 34.8% of TOC removal from the initial solution, indicating that
simultaneously the method is not so efficient to remove organic
matters, as it is the photoelectrocatalysis that leads to high removal
of both organic and inorganic compounds.
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Table 2
Influence of pH on the degradation rate obtained of 0.003% (m/v) acid dye
151 + 0.009% (m/v) de Tamol® in Na2SO4 0.1 mol L−1 containing 14.8 mg L−1 of Cr(VI).

pH Cr(VI) %
removal

k (min−1)
Tamol®

k (M−1 min−1)
acid red dye

R

2.0 100.0 0.0420 1.3766 0.996 0.999
6.0 98.5 0.0124 0.1993 0.950 0.997

12.0 40.0 0.0083 0.3589 0.974 0.997
ig. 7. Linear scan voltammograms recording photocurrent vs potential for Ti/TiO2

node in Na2SO4 0.1 mol L−1, without (A) and with irradiation (B) and the effect of
ddition: (C) 1.47 mg L−1, (D) 2.94 mg L−1, (E) 14.7 mg L−1, (F) 29.1 mg L−1 and (G)
8.2 mg L−1 of Cr(VI). Scan rate 10 mV s−1.

In order to investigate the effect of Cr(VI) concentration on the
hotoelectrocatalytic efficiency curves of photocurrent vs potential
ere recorded using linear sweep voltammetry (LSV) experiments

or Ti/TiO2 thin-film electrode in Na2SO4 0.1 mol L−1 electrolyte,
can rate of 10 mV s−1, in the absence and presence of different
oncentration of Cr(VI). The results are shown in Fig. 7. The pho-
ocurrent decreases markedly when Cr(VI) is increased in solution,
ndicating that under this condition there is a small constant pho-
ocurrent flux, attesting to the competitive process of the complex
nvolving the Cr(VI) and the dye. This effect could be responsi-
le for the lower efficiency in separating photogenerated charged
pecies, which in turn are responsible for the reduction of the
hrome and the oxidation of the dye. The strong adsorption of the
r(VI) complex dye onto the TiO2 surface and/or the solution’s lack
f transparency are the limiting factors that control the reaction
ate of dye degradation and Cr(VI) reduction. This problem could
nterfere in the Cr(VI) reduction at higher concentrations. There-
ore, photoelectrocatalysis could be an efficient means of treating
ye wastewater containing Cr(VI) under dilute solution conditions
r the method could be coupled with another preceding treatment
o reduce the discharge of organic contaminants.

In order to confirm this behavior, photoelectrocatalysis were car-
ied out for solutions containing: 0.003% acid red 151 dye + 0.009%
urfactant in Na2SO4 0.1 mol L−1 at pH 2 and concentrations of
r(VI) from: 1.47, 2.94, 14.7, 29.1 up to 88.2 mg L−1. Samples of the
ielded solution were analyzed testing the color removal at 500 nm
monitoring dye discoloration), surfactant removal at 285 nm and
he Cr(VI) concentration by chemical analysis. The surfactant degra-
ation reaches 100%, following a process controlled by a first order
eaction, showing a linear relationship of ln At/A0 vs time, whose

seudo-first-order degradation rate constants are also presented in
able 1. The dye degradation process presents a straight line only
or the relationship of 1/[dye] vs time, suggesting a process con-
rolled by a second-order reaction. The degradation rate constants

able 1
ffect of chrome on the rate degradation constant for 0.003% acid red 151 and 0.009%
amol® surfactant and Cr(VI) reduction in Na2SO4 0.1 mol L−1 at pH 2.0.

Cr(VI)]
g L−1

K (min−1)
Tamol®

K (M−1 min−1)
acid red 151

% Cr(VI)
reduction

1.47 0.0466 2.5394 100.00
14.7 0.0419 1.3766 99.44
9.1 0.0399 0.9314 98.35
8.2 0.0371 0.5792 97.77

Fig. 8. Effect of pH on the photoelectrocatalytic oxidation of 0.003% (m/v) acid red
151 dye (Curve I), 0.009% (m/v) surfactant (Curve II) and reduction of 14.12 mg L−1

Cr(VI) (Curve III) in Na2SO4 0.1 mol L−1 at pH 2.0 (A), pH 6.0 (B) and pH 12 (C) under
Eapp = 1.0 V and UV-irradiation.
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were calculated and they decrease at high concentration of Cr(VI),
which are presented in Table 1. This is possibly due to a reduction
in the light intensity. Once again, this process is most useful for
dilute solutions as was noted in the introduction to this paper. Nev-
ertheless, maximum values around 100% of Cr(VI) are obtained in
all experiments, showing that it is possible to remove Cr(VI) even
at concentration around 88 mg L−1.

3.5. Influence of pH

In order to obtain more information about the photoelectro-
catalytic process of wastewater containing acid dye, surfactant
and Cr(VI) and to optimize the method for reducing organic and
inorganic contaminants in general, we also investigated other
parameters controlling this process such as the pH of the solu-
tion. For this, solutions of 0.003% acid red dye 151 + 0.009%
Tamol® + 14.12 mg L−1 Cr(VI) in Na2SO4 0.1 mol L−1 were tested for
initial pH values of 2.0, 6.0 and 12. Aliquots removed during pho-
toelectrocatalytic oxidation were analyzed and the color removal
(� = 500 nm), surfactant degradation (� = 285 nm) and Cr(VI) reduc-
tion are compared in Curves I, II and III of Fig. 8, respectively. All
the curves obtained at pH 2 presents 100% of the color removal,
indicates 100% of Cr(VI) reduction and also 100% of surfactant
degradation. These values are significantly decreased to neutral and
alkaline conditions.

A linear fit between ln (C/C◦) and photoelectrocatalysis time is
obtained for surfactant degradation, suggesting that the process fol-
lows pseudo-first-order kinetics for all of the pH values evaluated.
As verified previously the discoloration measurement of the acid
red 151 dye followed a second-order kinetics. The dependence of
the initial degradation rate (k) evaluated from slopes of the curves
obtained for dye consumption (mol L−1), surfactant removal and
total reduction of Cr(VI) as function of time at different pH values
is presented in Table 2. The rate constant is at least 5 times greater
(faster) at pH 2 as to color removal as surfactant degradation than
at pH 12. This behavior is also observed for Cr(VI) reduction, indi-
cating that the photoelectrocatalytic treatment performs is best in
acidic medium.

It is well known [29,30] that pH affects the chemical equilib-
rium involving species of CrO4

2−, HCrO4
− and Cr2O7

2− formed for
chromium(VI) in aqueous medium. The relative amounts of the the-
ses derivative species vary as a function of pH. At pH < 7 the chemical
equilibrium involves hydrogenchromate and its polynuclear struc-
ture of dichromate (2HCrO4

− �Cr2O7
2− + H2O; K = 3.58 × 101), and

both species are reduced on Vitreous carbon or Platinum electrodes.
However, at pH > 7.5, the new chemical equilibrium involving
the generation of the chromate anion (HCrO4

− �CrO4
2− + H+;

Ka1 = 3.09 × 10−7) takes part in the reaction, but the specie is not
electroactive. Therefore its reduction is hindered on the auxiliary
electrode, and the efficiency of converting Cr(VI) to Cr(III) is mini-
mized under conditions where the pH of the solution is higher than
the pH of the isoelectric point (pH 5.6), which unflavored adsorp-
tion of dye on working electrode and also the reduction of inorganic
specie on counter electrode. As a consequence, both the percentage
of Cr(VI) reduction and dye degradation are decreased on neutral
and alkaline medium.

4. Conclusions

Our findings illustrate that photoelectrocatalytic oxidation may
be an excellent alternative to promote fast removal of acid dye,
surfactant and also simultaneous reduction of toxic hexavalent
chrome. Using optimized conditions of pH 2.0 and low concentra-
tions of dye, surfactants and Cr(VI), it is possible to reach 100%
discoloration, 100% surfactant removal and around 100% Cr(VI)

reduction. The results are dramatically improved in relation to pho-
tocatalytic treatment of wastewater containing both organic and
inorganic pollutants.
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