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Abstract In this study, a titanium plate was impregnated with
SnO2 and Sb (Ti/SnO2–Sb2O4) for the electrocatalytic remov-
al of phenol from wastewater, and the chemical degradation
pathway was presented. The effects of various parameters
such as pH, current density, supporting electrolyte, and initial
phenol concentration were studied. At optimum conditions, it
was found that phenol was quickly oxidized into benzoqui-
none because of the formation of various strong radicals dur-
ing electrolysis by the Ti/SnO2–Sb2O4 anode from 100 to
<1 mg/L over 1 h. The results of GC/MS analysis showed
the presence of some esters of organic acid such as oxalic acid
and formic acid. HPLC analysis showed only trace amounts of
benzoquinone remaining in the solution. The efficiency of
TOC removal at the Ti/SnO2–Sb2O4 anode surface showed a
degradation rate of 49 % over 2 h. Results showed that the
molecular oxygen potential at the electrode was 1.7 V. The
phenol removal mechanism at the surface of the Ti/SnO2–
Sb2O4 anode was influenced by the pH. Under acidic condi-
tions, the mechanism of electron transfer occurred directly,
whereas under alkaline conditions, the mechanism can be in-
direct. This research shows that the proposed electrolyte can
significantly influence the efficiency of phenol removal. It can
be concluded that the treatment using an appropriate Ti/SnO2–
Sb2O4 electrode surface can result in the rapid oxidation of
organic pollutants.
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Introduction

Aromatic hydrocarbons are among the most common pollut-
ants found in industrial wastewaters from numerous industries
such as petrochemical, chemical material production, plastic
production, paper production, textile, detergent production,
pesticide, and pharmaceutical industries. These materials are
resistant to biological degradation and are often toxic to bio-
logical constituents. In natural waters, phenol and its com-
pounds have a toxic effect on humans, animals, and plants,
and even at low concentrations, they can cause undesirable
taste and odor in drinking water. Thus, many phenolic com-
pounds are included in environmental legislation
(Babuponnusami and Muthukumar 2013). Most phenolic
compounds are resistant to traditional physicochemical and
biological treatments (Xiaoyue et al. 2013). Moreover, some
methods for removing phenol are not cost effective and bio-
logical processes for low concentrations are slow (Weiss et al.
2008). Therefore, further techniques need to be developed for
the efficient removal of phenol. Some advanced oxidation
methods such as photochemical reaction, Fenton oxidation,
and ozonation are used (Lia et al. 2005). Another attractive
method is the electrochemical process, in which toxic organic
pollutants are effectively oxidized by electrochemical reac-
tions (An et al. 2012). The efficiency of an electrochemical
process is highly dependent on the type of anode used.
Dimensionally Stable Anodes (DSA), which are prepared by
coating a metal-oxide layer on a base metal like titanium, have
been used successfully in electrochemical treatments (Jianrui
et al. 2012). It has been observed that some oxides such as
RuO2 and IrO2 do not have the reactivity required to oxidize
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organic compounds. Other oxide coatings such as PbO2 and
SnO2 have been applied to modify the performance of DSA.
PbO2 highly influences organic compound degradation and
has been used as a high-efficiency anode for the oxidation of
toxic organics (Orozco et al. 2013), although the possible
leakage of a toxic metal such as lead has limited its reliable
usage (An et al. 2011). Coatings with a SnO2 base show
activity similar to PbO2, and with the advantage of its non-
toxicity, this oxide layer has frequently been used in the elec-
trochemical oxidation of organic pollutants (Ding et al. 2007).
Antimony oxide is used in various oxide compounds and has
an important role in the catalytic process known as electron
donation (Batzill and Diebold 2005). It has been used in the
preparation of numerous commercial catalysts for the oxida-
tion of hydrocarbons and shows good performance as a cata-
lyst in combination with other metal oxides (Huang and Ruiz
2005). In the present study, phenol, being the base unit of
aromatic compounds, was used as the pollutant model for
degradation by electrochemical oxidation. A titanium anode
coatedwith SnO2 andmodified with Sb (Ti/SnO2–Sb2O4) was
used for the electrochemical oxidation of phenol. The effects
of various operational parameters such as pH, current density,
type of supporting electrolyte, and initial phenol concentration
were also studied. Some by-products of the treatment were
determined to investigate the degradation pathway of phenol
and its related mechanism.

Material and methods

Electrode fabrication

To study the electrochemical oxidation of phenol, a Ti/SnO2–
Sb2O4 electrode, which displays appropriate electrocatalytic
properties for organic compound oxidation, was used as the
anode. A titanium rectangular plate (99.5 % purity) 2 × 3 cm2

in area and 0.5 mm thick was selected. The surface was
polished using sand paper (320 grade) then degreased in
40 % NaOH at a temperature of 80 °C for 2 h. The substrate
was etched in 15 % oxalic acid at a temperature of 98 °C for
2 h then completely washed with distilled water. This treated
plate was then used to prepare the Ti/SnO2–Sb2O4 electrode
using electrical deposition to provide the internal layer and dip
coating for the external coating. This method has also been
used by other researchers. For the electrical deposition phase,
the previously treated titanium plate was placed, as the cath-
ode, into a solution containing 100 ml propanol (99 %), 17.5 g
of SnCl4·5H2O (Aldrich), and 0.73 g (Aldrich) of Sb2O3; fur-
thermore, 2 ml of concentrated HCl (37 %) was added. A
constant DC current of 0.12 A was applied for 25 min.
During this phase, the platinum plate was employed as the
anode. The Ti-coated plate was then placed in an oven at
400 °C for 2 h. For the external coating, the treated Ti plate

was placed in a solution containing 30 g SnCl4·5H2O, 0.8 g of
Sb2O3, and 2.5 ml of concentrated (37 %) HCl in 50 ml of
propanol. After five dipping–drying cycles at room tempera-
ture, the Ti plate was annealed in a furnace at 550 °C for 2 h.
The annealing temperature plays an important role in the dis-
persion of antimony oxide (Sb2O4) throughout the alloy
(Fujda et al. 2007). This preparation method was repeated five
times to provide a proper coating on Ti, which can be ensured
by measuring the weight of the substrate for oxide loading.
The internal coating is essential as it increases the stability of
the coating.

Chemical analysis

The morphology of the electrode surface was determined by
SEM-EDS using the VEGA software. The crystalline struc-
ture of the electrode was determined using an XRD (X’Pert
MPD) instrument with a Cu Kα lamp (1.78897 A) with 40 kV
voltage and 30 mA current (Netherland Phillips Company).
The electrochemical properties of the electrode were
measured by the three-electrode system. In this system, the
prepared electrode was used as the working electrode, and a
platinumwire was used as the counterelectrode. The reference
electrode was an Ag/AgCl electrode saturated in KCl.
Electrochemical measurements included cyclic voltammetry,
performed using an EGSG galvanostat/potentiostat instrument
(model 273A) with a scan speed of 100 mvs−1 in a 0.25-M
solution of Na2SO4 at ambient temperature. TOC measure-
ment was conducted using a Rosemount Analytical
Dohrmann DC-190 with the standard 5310B method. High-
performance liquid chromatography (HPLC) was used for the
analysis of the electrochemical oxidation of the aromatic by-
products of phenol degradation, including para-benzoquinone
and hydroquinone. The HPLC 1100 Series Agilent was
equipped with a Zorbax column (Eclipse XDB-C8,
ID = 4.6 mm, length = 150 mm, with ChemStation software
and a UV detector at wavelengths of 290 and 245 nm). A
methanol/water mix with a ratio of 80 %/20 % (v/v) was used
as the mobile phase with a flow rate of 0.9 ml/min. Before
each analysis, samples were filtered through a 0.2-μm mem-
brane. Gas chromatography/mass spectrometry (GC/MS) was
used to identify any possible organic acids produced during
the phenol electrolysis. A GC (Agillent7890A) HP5 column
with a length of 30 cm and detectors MS (5975C) was used.
The GC temperature program include the following: injec-
tor 250 °C, temperature interface = 280 °C, program col-
umn temperature, and 2 min at 50 °C with ramp 5 °C per
minute to 280 °C. For MS, a thermocouple temperature of
230 °C and a 150 °C ion source were used and the scan
range of 30 m/z was set to 500. Sample preparation for
injection into the GC system was based on the methods
described in other studies (Lia et al. 2005).
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Phenol electrocatalysis

Electrochemical degradation of phenol was performed in a
100-ml electrolysis batch cell. The container had a lid with
two slits to accommodate the electrodes. In this system, the Ti/
SnO2–Sb2O4 electrode and a steel stainless plate with the
same dimensions (2 × 3 cm2) were used as the anode and
cathode, respectively. The electrodes were placed 1 cm from
each other. A DC potentiometer (power supply–TEK 8051
DC) with an output voltage of 30 V was used as the power
supply. For the electrolysis, the phenol solution (100 mg/l)
was poured into the cell containing 0.25 M Na2SO4. A con-
stant DC current of 0.12 A was passed through the cell. This
current is equal to a current density of 20 mA/cm2. The cell
was placed on a magnetic stirrer. The solution temperature
remained at about 25 °C without any special control. At spe-
cific time intervals, samples were collected for chemical ex-
periments (residual phenol concentration, TOC, and pH).
Using a UV–Vis 9200 spectrophotometer, the absorption in-
tensity of the residual phenol solution was measured using the
4-aminopyridine method mentioned in the standard method.

Results and discussion

Characterization of Ti/SnO2–Sb2O4 electrode

Figure 1 shows the SEM image of the surface of the Ti/SnO2–
Sb2O4 electrode. The surface of titanium electrode was inter-
nally and externally covered with SnO2–Sb2O4 in several
stages. The formation of this coating on the electrode can
prevent the rapid diffusion of the electrolyte into the surface,
the formation of the TiO2 layer, and the deactivation of the
electrode. This finding is in line with XRD pattern of the
electrode. This result concurs with other studies (Cheng
et al. 2013; Xu et al. 2011). Energy-dispersive spectrometry
(Fig. 2) shows the presence of Sn and Sb in the coating. EDS

analysis indicated enrichment of Sb atoms on the electrode
surface (16.6 at.%). The electrical conductivity of SnO2 is
modified by doping with Sb. Figure 3 shows the XRD pattern
of the Ti/SnO2–Sb2O4 electrode, indicating tetragonal crystal-
line SnO2 coated on the electrode surface. There was no peak
corresponding to TiO2. In the XRD pattern of the Ti/SnO2–
Sb2O4 electrode, peaks at 31(110), 31.5(101), and 60.9(211)
show the crystalline structure of SnO2 on the electrode sur-
face. The average crystallinity of SnO2 was calculated using
the Scherrer equation. The average crystal plane size (110)
was calculated as 9 nm, smaller than in other studies
(Hammad and Hejazy 2012). The smaller crystallite size in-
creases the ability of the electrode during the electrochemical
process (Hao et al. 2014). The XRD spectrum shows that the
phases were completely combined. Loading rate is an effec-
tive way to improve the performance of electrodes in electro-
chemical processes (Zhao et al. 2009).

The oxide loading is the weight difference of the electrode
in the coating experiments. The oxide loading was 17 mg/cm2

in this study, whereas in other studies, oxide loading of 16mg/
cm2 has been reported(Tang et al. 2014). The use of both
electrical deposition and dip coating methods in the prepara-
tion of the coating can effectively improve the load.

Cyclic voltammetry

Cyclic voltammetry studies of Ti/SnO2–Sb2O4 show that the
fabricated electrode had an O2 production potential (oxygen
evolution) of 1.7 V (vs. the standard Ag/AgCl) (Fig. 4). In
oxidation reactions where the oxygen atoms transfer indirect-
ly, the oxygen radicals, particularly OH radicals produced
through water electrolysis, play an important and critical role
in the electrochemical oxidation of organic compounds (Feng
et al. 2010; Shao et al. 2014). The formation of OH radicals on
the anode surface can be explained by Eq. 1, in which A
represents the anode (Lia et al. 2005).

Aþ H2O→A ÅOH−� �þ Hþ þ e− ð1Þ

The OH radicals quickly react with organic compounds
diffused onto or adjacent to the anode and result in oxidation,
as shown in Eq. 2.

A ÅOH−� �þ Organic→Product ð2Þ

The OH radicals also react with each other to form O2

molecules in order to complete the electrolysis of water mol-
ecules, as shown in Eq. 3.

2A ÅOH
� �

→Aþ O2 þ 2Hþ þ 2e− ð3Þ

In an organic wastewater treatment, the production of O2

molecules at the anode results in energy loss and reduces the
current efficiency for both direct and indirect oxidation ofFig. 1 SEM micrograph of the Ti/SnO2–Sb2O4 electrode

Environ Sci Pollut Res (2016) 23:19735–19743 19737



organic compounds. Therefore, using an anode with a higher
O2 production overpotential is preferred (Lia et al. 2005). ATi/
SnO2–Sb2O4 electrode with an O2 production overpotential of
1.7 V (vs. the standard Ag/AgCl) is appropriate for an organic
pollutant treatment by OH radicals. The high overpotential of
the Ti/SnO2–Sb2O4 anode can convey that oxygen production
is delayed according to Eq. 3. Such a delay is appropriate for
oxidation of phenol by hydroxyl radicals. The high oxygen
production overpotential of the electrode results in an in-
creased life span for the hydroxyl radicals on the anode and
enables transfer of more oxygen from the radicals to the or-
ganic compounds for oxidation (Equation 2). In the presence
of phenol, the density of the electrode current was reduced.
This indicates that phenol has a strong effect on the oxidation
at the electrode surface. Studies have shown that an anodic
peak of 1.35 Vand cathodic peak of −0.3 Vare consistent with
the hydroquinone/benzoquinone pair (Zhang et al. 2010). An
oxidation peak of 0.5 V is consistent with the oxidative

potential of phenolic compounds, including various polymers,
because some yellowish products were observed on the elec-
trode surface.

Performance of the Ti/SnO2–Sb2O4 electrode

Phenol was oxidized by the Ti/SnO2–Sb2O4 anode, decreas-
ing its concentration from 100 ppm to less than 1 ppm over
10 h. In terms of TOC removal efficiency, the Ti/SnO2–Sb2O4

anode showed a degradation rate of 49 % over 2 h. In the Ti/
SnO2–Sb2O4 system, the pH changes during the oxidation
process. During the electrochemical oxidation of phenol, it
was noted that the initial pH value (10.5) decreased.
However, after 4 h, the pH value started increasing to its initial
value. The decrease in pH is apparently due to the formation
of organic acids, which are one of the main by-products of
phenol degradation (Feng et al. 2008).

Fig. 2 EDS of the Ti/SnO2–
Sb2O4 anode

Fig. 3 XRD pattern of the Ti/
SnO2–Sb2O4 electrode
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Effect of pH

Figure 5 shows the effect of pH on the electrochemical deg-
radation of phenol at the Ti/SnO2–Sb2O4 anode. Phenol re-
moval was studied at pH 3, 7, and 10.5. The results show that
the initial pH of the solution influences the efficiency of phe-
nol removal. An alkaline pH of 10.5 was determined to be
optimum for phenol removal. These studies demonstrate that
increasing pH has an important effect on OH radical produc-
tion. An alkaline pH causes increased production of radicals
and enhances oxidation of pollutants. These results are con-
sistent with other studies (Rasalingam et al. 2014). It was

observed that phenol was efficiently removed on the Ti/
SnO2–Sb2O4 electrode under acidic pH. Oxidation of phenol
begins with one electron transfer, and this results in the reac-
tion of phenoxy radicals (Feng et al. 2010; Lia et al. 2005). It
can be concluded that pH has a significant impact on the
mechanism of electron transfer in the solution. Electron trans-
fer may directly occur through phenol absorption at the elec-
trode surface. The release of one electron and the formation of
phenoxy radicals indicate that oxidation proceeds well in an
acidic medium. Considering that absorption of the organic
compounds in their molecular form is improved here, it may
be assumed that phenol absorption is conducted efficiently at
the electrode surface in an acidic pH (weak acid with
pKa = 10) (Chiou et al. 2008). Therefore, it can be noted that
the electron transfer mechanism is through a direct transfer.
Phenol is absorbed onto the anode surface and donates its
electrons to the anode. Oxidation may indirectly occur
through the production of hydroxyl radicals on the anode sur-
face and radical reaction with the organic compounds
absorbed on or near the anode surface. The oxidation of or-
ganic substances is enhanced in an alkaline medium. Since the
oxidation strength of hydroxyl radicals is very high, the in-
creasing removal of phenol in the alkaline medium on the Ti/
SnO2–Sb2O4 surface (%R = 96 at pH = 10.5) is acceptable
compared with the percent of phenol removal in the acidic
medium (%R = 93 at pH = 3). In the following experiments,
pH = 10.5 was selected as the optimum.

Effect of phenol concentration

Figure 6 shows the relationship between the percentage of
phenol removal and its initial concentration. As phenol con-
centration increased from 50 to 200 ppm, the percentage of
phenol removal gradually decreased from 96 to 72 %. This
can be attributed to the fact that the production of strong ox-
idizing agents of OH at the electrode surface in a constant

Fig. 4 aVoltammogram of the Ti/SnO2–Sb anode; scan speed 100 mV/s
in 0.25 M Na2SO4 solution, temperature 25 °C, and pH 6. b In the
presence of phenol

Fig. 5 Effect of initial pH on phenol removal by Ti/SnO2–Sb2O4 anode
in 0.25 M Na2SO4 solution with 20 mA/cm2 current density

Fig. 6 Effect of initial concentration on phenol removal by Ti/SnO2–
Sb2O4 anode in 0.25MNa2SO4 solution with 20mA/cm2 current density
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current density does not increase. Therefore, increasing the
pollutant concentration in a constant current density decreases
the rate of electrooxidation degradation.

Effect of current density

Current density plays an important role in the oxidation pro-
cess. Increasing the current density had a positive influence on
the phenol removal in the range of 10–40 mA/cm2 (cell po-
tential was in the range of 3.2–4.8 V) (Fig. 7). The main
reason for this increase was that the high current density re-
sulted in the production ofmore hydroxyl radicals (OH) due to
the oxidation of water (Un et al. 2008).

Effect of supporting electrolyte

The present study shows that electrolytes can largely influence
phenol removal efficiency (Fig. 8). Sodium sulfate and sodi-
um chloride solutions (0.25 M) were used in this study. After
10 h, the removal efficiency approached 98.5 % using the
sodium sulfate solution, whereas the efficiency increased to
99 % after only 1 h using the sodium chloride solution. The
studies show that the short life span of the hydroxyl radicals
results in them reacting only with those organic molecules
adjacent to the electrode surface. In this case, the oxidation
rate can be modified by increasing the number of some ions,
generally chloride (Bonfatti et al. 2005; Li et al. 2009).
Chloride ions can be oxidized and participate in the oxidation
of organic compounds as a mediator. Chloride is oxidized at
the surface of the anode and produces dissolved chlorine gas
in the solution (Eq. 4) (Zhang et al. 2010).

2Cl−→Cl2 gð Þ→Cl2 aqð Þ þ 2e− ð4Þ

According to Eq. 5, chlorine hydrolyzes into hypochlorous
acid.

Cl2 aqð Þ þ H2O→HOClþ Cl− þ Hþ ð5Þ

In alkaline and neutral media, hypochlorite is the dominant
species (Eq. 6).

HOCl⇌Hþ þ OCl− ð6Þ

Chloro-species react with hydroxyl radicals to form stron-
ger oxidants at the electrode surface and also produce perchlo-
rate (Eq. 7) (Feng et al. 2008).

2HOClþ OCl−→ClO−
3 ð7Þ

ClO−
2
Åþ OH→ClO−

3 þ Hþ þ e−

ClO−
3
Åþ OH→ClO−

4 þ Hþ þ e−

The Ti/SnO2–Sb2O4 electrode, due to high overpotential,
can also produce other, more stable oxidants. The type of
oxidant is dependent on the type of supporting electrolyte
(Un et al. 2008). In a medium containing sulfate, disulfide
oxidants are formed. The studies have shown that
electrooxidation is more sensitive to the presence of chloride
ion than the other oxidation process.

Phenol degradation mechanism

Several studies have investigated the electrochemical oxidation
mechanism of phenol and its derivatives. (Lia et al. 2005; Duan
et al. 2013; Fierro et al. 2010; Wang et al. 2010; Xiupei et al.
2009) It is generally accepted that phenol oxidation begins with

Fig. 7 Effect of current density on phenol removal by Ti/SnO2–Sb2O4

anode in 0.25 M Na2SO4 solution at pH 10.5

Fig. 8 Influence of the supporting electrolyte on phenol removal by the
Ti/SnO2–Sb2O4 anode; pH 10.5 and current density 40 mA/cm2

Table 1 Characteristics of organic acid esters

By-products Area% Retention time

4-Hydroxypentanoic acid lactone 6.02 2.438

Formic acid, butyl ester 1.67 2.481

Oxalic acid,6-ethyloct-3-yl isohexyl ester 0.33 15.068
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an electron transfer, which leads to phenoxy radical reactions
(Lund and Baizer 1991). Phenoxy radical reactions produce
benzoquinone, which is assumed to be an intermediate com-
pound in phenol oxidation. Later, the benzoquinone can break
the ring to yield different carboxylic acids, namely, maleic acid,
succinic acid, and acetic acid, and eventually carbon dioxide
and water. Furthermore, studies reveal that hydroquinone and
benzoquinone, in the absence of strong oxidizing radicals, ac-
cumulate in the solution and yield oxidation-resistant polymers
(Tahar and Savall 1999; Iniesta et al. 2001). Kondru et al. re-
ported complete and rapid mineralization of phenol in alkaline
pH. Phenol polymerization-induced blocking of the surface of
the electrode was not reported at this pH. Furthermore, Wu
et al. proved that complete elimination of phenol occurs at pH
11 due to formation of more radicals as compared to acidic pH.
The positive effect of the alkaline environment containing chlo-
ride ion on accelerating phenol degradation has been reported
in several studies (Kondru et al. 2009; Wu et al. 2007). Tasic

et al. assumed that different radical forms of chlorine, namely,
ClO2, HClO, and Cl2, can oxidize organic materials in presence
of hydroxyl radicals (Tasic et al. 2014).

During the electrolysis of phenol in the presence of a sodi-
um sulfate electrolyte, color changes in the solution were ob-
served. During the initial 6 h of phenol oxidation, the color of
the solution changed to yellowish-brown. When the phenol
concentration reached its minimum, this color practically dis-
appeared to such an extent that at the end of the 10-h electrol-
ysis, the solution was mostly transparent. According to previ-
ous studies, formation of a 1:1 benzoquinone–hydroquinone
complex results in yellow color (Suresh et al. 2012), and this is
produced by polymeric compounds generated during the elec-
trochemical oxidation of phenol. These include benzoqui-
none–hydroquinone monomer units, which are formed
through radical reaction by phenate anions. Association of
benzoquinone–hydroquinone in the presence of a sodium sul-
fate electrolyte has been observed in previous studies (Lia et al.

Fig. 9 Reaction pathway of
phenol electrochemical
degradation
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2005). However, electrochemical oxidation of phenol in the
presence of a sodium chloride electrolyte did not show color
change in the solution during the oxidation process. There was
no hydroquinone in the solution (hydroquinone has a very low
vapor pressure of 0.000019 mmHg and log Kow= 0.59). It is
thought that during electrolysis in the presence of a sodium
chloride electrolyte, phenol is rapidly oxidized into benzoqui-
none due to the formation of various strong radicals at the
electrode surface. Moreover, the higher rate of electrolysis in
the presence of sodium chloride provides no opportunity for
the polymeric products that produce the yellow-brown color to
form. The results of GC/MS analysis indicated the presence of
some organic acids (Table 1). Therefore, as a higher current
density and low phenol concentration, oxidation can occur
through a straight path of mineralization and CO2 production
(Suresh et al. 2012); the presence of electrolytes producing
strong oxidants in the solution may also be effective in short-
ening the phenol oxidation pathway and preventing the forma-
tion of polymeric films at the anode surface and precipitation
on its surface. The results of the present experiment pertaining
phenol removal and by-product formation are completely con-
sistent with the proposed pathway of phenol degradation (Lia
et al. 2005). This pathway can be proposed for phenol oxida-
tion at a Ti/SnO2–Sb2O4 anode in the presence of a sodium
chloride electrolyte with some modifications in the formation
of aromatic side products, the colored polymeric compounds,
and the pathway (Fig. 9).

Conclusions

Based on the results, we reached the following conclusions:
Phenol can be rapidly oxidized on the fabricated Ti/SnO2–

Sb2O4 surface anode in the presence of a sodium chloride
electrolyte. Some by-products such as benzoquinone and or-
ganic acids such as oxalic acid and formic acid were identi-
fied. During phenol electrolysis at the Ti/SnO2–Sb2O4 anode
in the presence of a sodium chloride electrolyte, phenol rap-
idly oxidizes into benzoquinone, and this oxidation probably
continues due to the formation of various strong radicals on
the surface of the electrode. The anode surface and the pres-
ence of electrolytes producing strong oxidizing agents in the
solution shorten the phenol oxidation pathway, preventing the
formation of polymeric films in the solution and at the anode
surface. pH has a significant impact on the mechanism of
electron transfer in the solution. Increasing the phenol concen-
tration from 50 to 200 mg/l resulted in a decrease in the per-
centage removed from 96 to 72 %.
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