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Abstract The present contribution reports a moving iron
(Fe), zinc (Zn)—doped tin oxide/titanium (SnO,/Ti) anode-
based system designed and operated for the electro-oxi-
dation of methyl orange dye effluent. Electrochemical
oxidation of the dye was carried out at a current density of
1.8 A/dm? for 120 min. Similar experiments were repeated
with pure SnO,-based static and moving anode-based
systems and the Fe, Zn-doped SnO, static anode-based
electro-oxidation system. Post oxidation, the surface of the
electrodes was critically examined by scanning electron
microscopy. Dye samples were analysed at regular inter-
vals during the electro-oxidation process by chemical
oxygen demand and colour removal measurements and
characterized by UV-Vis spectroscopy and Fourier trans-
form infrared spectroscopy at the end of the oxidation
process. The obtained results elucidate the superiority of
Fe, Zn-doped SnO,/Ti moving anode-based system for
methyl orange dye effluent electro-oxidation. The moving
anode prevents passive layer formation and decreases
polarization resistance. Doping of Fe and Zn provides the
anode-enhanced mechanical strength and electrocatalytic
activity. The combined effects of axial anode movement
and doping are responsible for improved performance of
the moving anode system reported in this contribution.
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Introduction

The degradation of the industrial dye by electrochemical
oxidation has recently emerged as a novel technology due
to its simplicity and enhanced efficiency over other meth-
ods (Raghu et al. 2009). They provide better results with
regard to energy efficiency, versatility, cost-effectiveness,
time and chemical stability. Several reports explain the
high efficiency of electrodes containing oxides of noble
metals such as Ru and Ir over Ti substrates (Raghu and
Basha 2007). Efforts have been taken for replacing them
with transition metal oxides such as lead oxide (PbQO,),
SnO, and antimony trioxide (Sb,O3) (Watts et al. 2008).
Ti/SnO, and Ti/PbO, are dimensionally stable anodes
(DSA), which have higher oxygen evolution potentials than
titanium/ruthenium oxide (Ti/RuQO,) (Babu et al. 2009) and
titanium/iridium oxide (Ti/IrO,) electrodes. Yet another
point to be noted is that SnO, is more stable and non-toxic
than PbO, (Kong et al. 2007). Ex-situ studies reveal that
generation of highly reactive free hydroxyl radicals
removes organic pollutants (Rodrigueza et al. 2009). SnO,
is an important catalytic material used in a wide spectrum
of areas such as gas sensors, photovoltaic and electrovol-
taic systems and degradation of industrial and textile dyes.
The Ti/SnO, anode promises a longer life due to its higher
stability and capability for repeated use (Watts et al. 2008).
It has been reported to enhance the rate of photocatalytic
degradation of textile azo dyes (Vinodgopal and Kamat
2002). Better results have also been observed when certain
amount of antimony (Sb) is doped into Ti/SnO, electrodes
(Kong et al. 2007). The concentration of Sb plays a major
role in delivering good performance. For Ti/SnO,—Sb,05
anode, 5 % of Sb dopant is an optimum concentration for
electro-oxidation of 4-chlorophenol (Watts et al. 2008).
Addition of Ni onto TiO,/SnO,—Sb electrode yields
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satisfactory results (Shekarchizade and Amini 2011).
Macroporous Sb-doped SnO,/TiO, nanotube electrodes
have successfully been synthesized and found to display
superior performance as a catalyst with regard to decreas-
ing the toxicity of p-nitrophenol (Chai et al. 2011). Hence,
Sb is regarded as best suitable dopant on TiO,/SnO,.
However, the search for an alternative material has been of
great interest to many researchers. It is a proven fact that
Ti/SnO, electrodes can be improved by doping with fluo-
rine (F) (Elangovan and Ramamurthi 2005), platinum (Pt)
(Li and Li 2002), nickel (Ni) (Borodzinski and Lasia 1994),
Fe (Carneiro et al. 2005) and various metals (Yang et al.
2012).

Transition metal doping induces specific properties on
TiO,/SnO, electrode. Enhancements in mechanical
strength, photocatalytic activity (Chai et al. 2011), elec-
trocatalytic activity (He and Mho 2004; Zaleska 2008), dye
degradation rate and total organic carbon (TOC) removal
rate (Carneiro et al. 2005) have been reported on SnO,
electrodes doped with Fe. There was a threefold increase in
the degradation of phenolic compounds on Fe(Ill)-doped
Sb—SnO, electrode (Carneiro et al. 2005). Moreover, Fe>™
produces hydroxyl radical, which has a strong affinity for
organic bond rupture (Babu et al. 2010). Hence, Fe can be
considered as a better dopant. Zn doping prevents the
electrode from degradation under sunlight (Yang et al.
2012), provides environmental protection and makes the
electrode available for commercial use. Moreover, ionic
radius of Zn*" is similar to that of Sn**, giving rise to more
oxygen vacancies (He and Mho 2004). Zn also increases
electrocatalytic activity (Sun et al. 2012) and efficiency of
phenol degradation (Pawar and Nimbalkar 2012).

The aim of this work is to fabricate Fe (Dyntu et al.
2009; Tsipis et al. 2011) (to improve mechanical strength),
Zn (to enhance electrocatalytic activity)-doped SnO, on Ti
mesh substrate for degradation of methyl orange, a com-
mon textile dye. In the present contribution, we have
placed special emphasis on electro-oxidative dye degra-
dation studies in systems containing a moving anode and
recirculating the effluent. A moving anode is employed in
order to increase the overall efficiency of electro-oxidation
by enhancing electrode—solution contact through the pre-
vention of passive layer formation on the electrode surface.
The absence of a passive layer also contributes to increased
electrode conductivity and a decrease in polarization
resistance. Yet another advantage of moving electrode
systems is that electrode life is enhanced as a consequence
of reduced pitting damage due to absence of passive layer.

The Fe, Zn-doped SnO,/Ti anode was reciprocated by
using a camshaft motor, and the methyl orange dye effluent
was continuously re-circulated through the cell. In the
present report, the superiority of this system is demon-
strated by comparative analysis with pure SnO,/Ti static
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and moving electrode systems and the static Fe, Zn-doped
SnO,/Ti anode-based system. It is the combined effects of
doping and anode motion that makes the Fe, Zn-doped
SnO,/Ti moving anode methyl orange electro-oxidation
system truly stand a class apart. This fact can be construed
from the results reported further in this contribution, which
are comparable with the commonly reported Ti/SnO,—Sb
and doped SnO,/Ti anodes (Kong et al. 2007; Raghu et al.
2009; Watts et al. 2008; Zhao et al. 2009).

This contribution is the product of research work
undertaken by our group at the Electrochemical Pollution
Control Division of CSIR-Central FElectrochemical
Research Institute, Karaikudi, TN, India, during the months
of March—August 2012.

Materials and methods
Materials

All chemicals employed were of the “AR” grade, and
purchased from Merck India Ltd. Laboratory equipments
had been calibrated with due accordance to accepted
standards, and double deionized water was used while
conducting all experiments. The methyl orange dye sam-
ples were collected from a textile industry located at
Tirupur, Tamil Nadu, India.

Electrode preparation
Type 1: Tin oxide electrode

0.35 gpl of tin chloride pentahydrate (SnCly-5H,O) was
dissolved in a solution of ethanol, and hydrochloric acid
(HCl) was added for pH maintenance. The solution was
placed under continuous stirring for a time period of 1 h
and then coated over a titanium mesh by brush coating.
Sintering of the coated electrode was carried out at 650 °C
for 10 min. The same procedure was repeated for about 10
times in order to obtain a desired thickness.

Type 2: Fe-Zn-doped tin oxide electrode

Preparation of doped tin oxide electrode was carried out by
the same procedure that had been elucidated in Type 1. The
solution was prepared by dissolving 0.28 gpl of
SnCl,-5H,0, 0.054 gpl of Ferric chloride hexahydrate
(FeCl;-6H,0) and 0.04 gpl of zinc chloride (ZnCl,), with
HCI addition for pH maintenance.

The prepared electrodes were characterized by X-ray
diffraction (XRD) and scanning electron microscopy
(SEM) was used to study the surface morphology of the
anodes post treatment.
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Electro-oxidation (EO) set-up
Static electrode arrangement

EO of methyl orange dye was carried out by employing the
prepared electrodes as anode and stainless steel as cathode.
EO was carried out for a period of 120 min at constant
current density of 1.8 A/dm? under static electrode condi-
tions. The methyl orange effluent was circulated at a flow
rate of 30 ml/min. 0.4 g of NaCl was added to the dye in
order to facilitate conductivity.

Moving electrode arrangements

The basic electrolytic set-up is same as that discussed in
previous section. The prepared electrode was fixed to a
camshaft rotating at a constant rate of 10 rpm, and the
electrolyte was recirculated at constant flow rate. Figure 1
depicts the experimental set-up for a typical moving anode
electro-oxidation system.

The degradation of dye was monitored by colour
removal measurements and reduction in COD. FT-IR and
UV-Vis spectroscopic analyses had been conducted to
detect optical and functional group modifications in the dye
as a result of electro-oxidation. SEM was used to charac-
terize the morphology of used anodes in static and moving
conditions.

Structural and physico-chemical characterization
UV-Visible spectrum

UV-Visible spectrum was used to monitor the de-colori-
zation of methyl orange dye at various time intervals. The

spectra had been recorded by UV Spectroquant 50 with a
wavelength of 240 nm. The plots reported had been
recorded after electrochemical oxidation for a time period
of 120 min.

FT-IR analysis

The electrolytic breakdown of organic functional groups in
methyl orange dye was monitored by FT-IR spectrum
along the mid-IR region of 400—4,000 cm™'. The sample
had directly been placed on the KBr crystal, and recording
of spectrum was carried out through transmittance mode.

Crystal phase and morphology

The crystal phase of electrodes under study had been
studied by XRD measurements. A computer controlled
XRD-system, JEOL Model: JPX-8030 with CuK radiation
(Ni filtered = 13,418 A) at the range of 40 kV, 20 A was
used for recording the XRD pattern. Identification of per-
tinent peaks was carried out using the standard data pro-
vided by the International Centre for Diffraction Data
(ICDD).

The anode surface morphology was imaged using a
SEM BRUKER TESCAN. The SEM images provide
valuable data on dimensional stability of anodes in static
and moving electrode electro-oxidation systems.

Chemical oxygen demand (COD) measurements

Measurements of COD in the dye were made at regular
time intervals by acid solution precipitation method. A
predetermined quantity of solution was blended with COD
acid and potassium dichromate solutions. The mixture was

Fig. 1 Schematic
representation of moving
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placed in a COD digester (Spectroquant TR 420, Merck) at
148 °C for 120 min. It was then titrated against ferrous
ammonium sulphate (FAS) solution using ferroin as the
indicator. A change in colour from red to brown indicated
the end point. The COD is then calculated as follows:

COD (mg/L) = (V; — V3) x 8,000 x N /X

where V titre value in mL of blank sample (water), V, titre
value in mL of methyl orange sample under study, N nor-
mality of FAS, X volume of sample.

Electrochemical impedance spectroscopy (EIS)

The electrochemical behaviour of pure and Fe, Zn-doped
SnO,/Ti mesh anodes was studied by EIS. The working
electrode employed for impedance studies consisted of the
anode mesh under study, with an exposure area of 1 cm?
in effluent solution containing 1 g/l NaCl as supporting
electrolyte. Saturated calomel electrode (SCE) was used
as the reference electrode, and platinum was used as the
counter electrode. Impedance studies were performed
using an electrochemical analyser IM6. After the attain-
ment of steady state, an AC signal of amplitude 3 mV at
2.5 V was applied, and impedance values were measured
for frequencies ranging from 100 kHz to 10 mHz. Ny-
quist plots were plotted for the measurement of R and R,
values.

Results and discussion
UV-Visible spectroscopy

UV-Visible spectrophotometer has been employed to
measure the changes in absorbance characteristics of dye
effluent over a large wavelength interval during the elec-
trochemical oxidization process. Plot M in Fig. 2 is the
UV-Vis spectrum of raw dye effluent. The plots (a) and
(c) of Fig. 2 show the recorded spectra of dye effluents
oxidized with pure and Fe, Zn-doped SnO, coated Ti
electrodes under static electrode conditions, and plots
(b) and (d) are the spectra for the moving electrode system.

Methyl orange may be yellow or reddish orange in
colour depending on the presence of substituted azoben-
zene or azobenzene functional groups. Two broad absor-
bance peaks in the visible region at 390 and 600 nm can be
observed from the UV-Vis spectrum. The absorbance peak
at 390 nm corresponds to the substituted azobenzene
group, and that at 600 nm is typical of azobenzene group.

There is a gradual decrease in peak absorbance values as
electro-oxidation proceeds with time. Such an observation
indicates the oxidation of organic functional groups,
resulting in colour removal. Thus, electrochemical
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Fig. 2 UV visible spectra of methyl orange dye after electro-
oxidation for 120 min at 1.8 A/dm’ using a pure SnO,/Ti static
anode, b pure SnO,/Ti moving anode, ¢ Fe, Zn-doped SnO,/Ti static
anode, d Fe, Zn-doped SnO,/Ti moving anode. M UV-Visible spectra
of raw methyl orange effluent

oxidation has proved to be an efficient means of colour
reduction in the dye effluent.

From Fig. 2, a maximum fall in peak absorbance can be
observed when electro-oxidation is carried out with mov-
ing Fe, Zn-doped SnO, electrodes (d). This offers a clear
indication of the superiority of moving electrode systems
with regard to methyl orange electro-oxidation. It can also
be seen from the figure that when compared with pure
SnO,/Ti electrode-based systems, there is a greater
decrease in peak absorbance values for Fe, Zn-doped SnO,/
Ti electrodes. This may be attributed to greater electro-
catalytic activity of SnO, doped with Fe and Zn.

The percentage colour removal at various time intervals
during electro-oxidation can be calculated from the change
in maximum wavelength absorbance peak values at each
time interval. A general formula used for the calculation of
percentage colour removal is given below

% Color removal = 100 x {(Ag — A,)/A}

where Ay maximum wavelength peak absorbance value
prior to electro-oxidation, A, maximum wavelength peak
absorbance value after electro-oxidation for a time period #.

Figure 3 is a plot of percentage de-colorization versus
time for static and moving electrode-based electro-oxida-
tion systems. The absorbance peak value at 390 nm was
used for colour removal studies. In static systems, it is
observed that Fe—Zn-doped SnO, coated Ti anodes show
higher rates of colour removal than bare SnO,/Ti anodes. It
can be noticed from the figure that a maximum of 97 %
colour removal is observed in moving electrode Fe—Zn-
doped SnO, coated Ti anode-based systems at the end of
120 min. This system also exhibits a higher overall trend
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with regard to the rate of dye de-colorization, when com-
pared to the other static systems under study. The efficient
performance of moving electrode system can be explained
on the basis of decreased polarization resistance. It may
also be attributed to greater electrode—solution contact, and
absence of anodic passivation as a result of continuous
axial movement in solution.

Chemical oxygen demand (COD)

Figure 4 is a plot of percentage COD reduction at various
time intervals in static and moving electrode systems. A
maximum COD reduction of 89.7 % can be noticed in the
Fe—Zn-doped SnO,/Ti moving electrode-based system at
the end of 120 min. The static Fe, Zn-doped SnO,-based
system exhibits a maximum COD reduction of 88.5 %.
A COD reduction of 85.8 % is observed in the pure SnO,/
Ti moving electrode-based system, and the static system
exhibits an even lower COD reduction of 82.9 %. As COD
is amount of oxygen required by organic compounds
present in the effluent to get oxidized, a reduced COD
facilitates easier oxidation of organic compounds, culmi-
nating in functional group modification and colour
removal.

Table 1 provides the physico-chemical characteristics of
textile dye effluent prior to and post electro-oxidation by
various anode systems.

FT-IR spectroscopy

Figure 5 depicts the FT-IR spectra of methyl orange post
electro-oxidation with different electrode systems. The
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Fig. 3 Colour removal measurements at 390 nm peak absorbance for
electro-oxidation using a pure SnO,/Ti static anode, b pure SnO,/Ti
moving anode, ¢ Fe, Zn-doped SnO,/Ti static anode, d Fe, Zn-doped
SnO,/Ti moving anode
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Fig. 4 Chemical oxygen demand (COD) measurements for electro-
oxidation using a pure SnO,/Ti static anode, b pure SnO,/Ti moving
anode, ¢ Fe, Zn-doped SnO,/Ti static anode, d Fe, Zn-doped SnO,/Ti
moving anode

broad peak at 3,420.06 cm ™' corresponds to primary O-H
stretching vibrations of hydroxyl functional group, and that
at 660.02 cm™' may be attributed to out of plane bending
of aromatic O-H groups. C=0O stretching vibrations of
phenolic hydroxyl groups have led to the formation of a
minor peak at 1,127.05 cm™~'. The sharp peak at 1,536.92
has resulted from vibrations of N-H group.

All functional group peaks are visible in the pure SnO,/
Ti static electrode-based system (a), whereas a significant
reduction in peak transmission intensity is seen in the Fe,
Zn-doped SnO,/Ti static electrode-based system (b).

Curve (c) is the spectra of methyl orange oxidized with
pure SnO,/Ti moving -electrode-based system. When
compared to the static system, a decrease in the intensity of
functional group vibrations is clearly visible. The electro-
oxidation of methyl orange using Fe, Zn SnO,/Ti moving
electrode-based system is shown in the curve (a). It can be
seen that vibrations due to aromatic groups and N-H
groups are completely diminished, and the O—H stretching
vibrations are reduced substantially. Such observations
prove the effectiveness of moving electrode-based system
with regard to methyl orange electro-oxidation.

Hence, it can be seen that observations from UV-Vis
and FT-IR studies co-relate well with obtained results on
COD reduction.

X-ray diffraction studies
Figure 6a is the XRD spectra of pure SnO,/Ti electrode.
The peaks at 28.15°, 54°, 56° and 77° correspond to the

crystal planes of SnO,. The residual peaks at 39°, 40°, 63°
and 71° belong to Ti mesh base.
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Table 1 Physico-chemical characteristics of textile dye effluent

S. no. Parameter Raw After electro- After electro- After electro- After electro-oxidation
effluent oxidation oxidation oxidation with Fe, Zn-doped
with pure SnO,/ with pure SnO,/ with Fe, Zn-doped SnO,/Ti moving anode
Ti static anode Ti moving anode SnO,/Ti static anode
1 COD (mg/L) 1,555 265 220.2 178.6 160
2 pH 6.5 6.2 5.5 52
3 BOD (mg/L) 265 121 117 92
4 Suspended solids 310 302 285 276
(mg/L)
5 Conductivity 2,650 2,853 2,967 3,018 3,094
(pmho/cm)
100 a 300+
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E 60 -
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Fig. 5 FT-IR spectra of methyl orange dye post electro-oxidation
using a pure SnO,/Ti static anode, b pure SnO,/Ti moving anode,
¢ Fe, Zn-doped SnO,/Ti static anode, d Fe, Zn-doped SnO,/Ti moving
anode

The XRD spectra of Fe, Zn-doped SnO,/Ti electrode are
shown in Fig. 6b. Two additional peaks are visible at
36.01° and 44.10°, due to the diffraction caused by Zn and
Fe crystal planes, respectively. This indicates the inclusion
of Fe and Zn impurities into the crystal lattice of SnO,,
rendering it enhanced mechanical stability and greater
electrocatalytic activity with regard to phenol degradation.

The indexing of XRD had been carried out with refer-
ence to the standard data provided by ICDD.

Scanning electron microscopy

The surface morphology of anodes had been critically
imaged by SEM. Figure 7a, d is the SEM images of pure
SnO,/Ti and Fe, Zn-doped SnO,/Ti anodes prior to electro-
oxidation.

Figure 7b is the SEM image of spent pure SnO,/Ti static
anode, showing a voluminous amount of surface cracks and
aberrations. This may be attributed to anode wear as a
result of passive layer formation and partial breakdown,
resulting in regions of uneven solution concentration.
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Fig. 6 a X-ray diffraction (XRD) pattern of pure SnO,/Ti anode prior
to use for electro-oxidation. b X-ray diffraction (XRD) pattern of Fe,
Zn-doped SnO,/Ti anode prior to use for electro-oxidation

A lesser number of cracks are seen in the pure SnO,/Ti
moving electrode system, as seen from Fig. 7c. Such an
observation is due to the fact that axial electrode movement
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Fig. 7 a SEM image of pure
SnO,/Ti anode prior to electro-
oxidation. b SEM image of pure
SnO,/Ti anode post electro-
oxidation in static condition.

¢ SEM image of pure SnO,/Ti
anode post electro-oxidation
moving condition. d SEM
image of Fe, Zn-doped SnO,/Ti
anode prior to electro-oxidation.
e SEM image of Fe, Zn-doped
SnO,/Ti anode post electro-
oxidation in static condition.

f SEM image of Fe, Zn-doped
SnO,/Ti anode post electro-
oxidation in moving condition
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prevents the formation of passive layer on the anode sur-
face. This phenomenon also enhances solution—electrode
contact, improving overall process efficiency.

Inclusion of Fe by doping improves the mechanical
strength of SnO,/Ti anode to an enormous extent, as we
may observe from Fig. 7e, the SEM image of spent Fe, Zn-
doped SnO,/Ti static anode, which has a relatively smooth
surface with minimal number of cracks. The best results
are observed in the Fe, Zn-doped SnO,/Ti moving elec-
trode-based system, which is mostly free of cracks, and
relatively smooth when compared to other systems, as
shown in Fig. 7f. This is attributed to the combined effects
resulting from the prevention of passive layer formation
and mechanical stability offered by Fe addition. Hence, we
propose the Fe, Zn-doped SnO,/Ti moving anode model as
one of great promise with regard to enhanced efficiency
and extended operating life.

Electrochemical impedance spectroscopy (EIS)

The Fig. 8 depicts the Nyquist plots of pure and Fe, Zn-
doped SnO,/Ti anodes in dye effluent solution, to which
1 g/L of NaCl was added. Curves a and b in the Fig. 8 are
the Nyquist plots for pure SnO,/Ti static and moving
anodes, respectively, while ¢ and d are those static and
moving Fe, Zn-doped SnO,/Ti anodes. In all four studies,
the solution resistance was measured to be constant at 3.1
ohm. The polarization resistance was seen to have a
maximum value of 156.4 ohm for the static SnO,/Ti anode.
There was a slight decrease in the polarization resistance to
142.3 ohm in the moving SnO,/Ti anode. Doping of Fe and
Zn renders a significant increase in surface electrocatalytic
activity, resulting in a further polarization resistance
decrease to 133.1 ohm. The least resistance to polarization
was seen in the Fe, Zn-doped moving anode system, in
which the R, value was at 121.7 ohm. This greatly
increases the rate of charge transfer on the electrode sur-
face, resulting in superior performance with respect to the
electro-oxidation of organic effluents. The low value of
polarization resistance in the Fe, Zn-doped moving anode
system may be attributed to the combined effects of
increased electrode—solution contact and greater electro-
catalytic activity, rendered by electrode movement and
doping, respectively. The observations from electrochem-
ical impedance study complement our results from colour
removal, functional group removal and COD reduction
data.

Electro-oxidation mechanism
The general mechanism of SnO,-based electrodes in

oxidizing pollutants has been reported elsewhere (Zhao
et al. 2009). The electro-oxidative degradation of organic
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Fig. 8 Electrochemical impedance spectra. a Pure SnO,/Ti static
anode, b pure SnO,/Ti moving anode, ¢ Fe, Zn-doped SnO,/Ti static
anode, d Fe, Zn-doped SnO,/Ti moving anode

pollutants is initiated by splitting of water into hydroxyl
radicals and subsequently, adsorption of hydroxyl radicals
on the electrode surface. This is followed by the oxida-
tion of pollutants (R) to produce intermediates that ulti-
mately break down with the release of H,O and CO, at
greater radical concentrations. The combination of
hydroxyl radicals may also lead to the formation of O, as
a by-product.

SnO, + H,O — SnO,(OH) + H' + e~

‘OH + R — RO + H"
RO + H' — CO, + H,0
‘OH + OH — H,0 +1/20,1

Fe’* serves as a source for hydroxyl radicals, as
reported by Babu et al. (2010). Hence, the doping of Fe
on SnO,/Ti anode may increase radical concentration to a
great extent, leading to the efficient degradation of organic
pollutants. Moreover, doping of Fe renders greater
mechanical stability (Dyntu et al. 2009), as seen from the
SEM images of spent Fe, Zn-doped SnO,/Ti anodes.

The similarity between the ionic radii of Zn*" and Sn*"
gives rise to a greater number of oxygen vacancies (He and
Mho 2004). It serves as an efficient electrocatalyst (Sun
et al. 2012) for phenolic degradation in particular (Pawar
and Nimbalkar 2012). Zn doping also serves to increase
electrode life by preventing photodegradation (Yang et al.
2012).

The motion of electrode greatly increases electrode—
solution contact, effectively leading to more efficient
electro-oxidation of organic pollutants, as one may
observe from the results reported. Thus, the Fe, Zn-
doped SnO,/Ti anode offers much promise as an efficient
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system for electrochemical effluent treatment in the
future.

Conclusion

In the present experiment, pure and Fe, Zn-doped SnO,/Ti
anodes were prepared and studied under static and mov-
ing anode electro-oxidation conditions. Superior results
have been obtained for the Fe, Zn-doped moving anode
system for methyl orange electro-oxidation. The dye
effluent COD was reduced by 89.7, and 97 % colour
removal was achieved after electro-oxidation for 120 min
under a constant current density of 1.8 A/dm?. The spent
anode is relatively smooth and free of cracks, as seen
from SEM images. This indicates the mechanical stability
of Fe, Zn-doped moving anode system under operating
conditions.

The decrease in polarization resistance and possible
absence of passive layer formation in moving electrode
systems enhance electrode—electrolyte contact, paving way
for efficient electro-oxidation. Moreover, the doping of Fe
and Zn unto SnO, greatly increases its mechanical strength
and electrocatalytic activity for phenolic degradation. Such
facts may be readily co-related with the results obtained.

Scrutinizing the observed results, we conclude by stating
that the Fe, Zn-doped SnO,/Ti moving electrode system
discussed in this contribution is highly cost effective when
compared to conventional systems which consists of RuO,/
IrO, coated Ti anodes and shows great promise as a novel
technology for dye effluent degradation. Future work
would involve real-time dynamic computational simula-
tions on moving electrode-based dye electro-oxidation
systems, investigation of novel dopants, variation of pro-
cess parameters and pilot-scale studies.
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