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ABSTRACT
Photocatalysis is one of the most widely researched advanced
oxidation processes for wastewater treatment. Phenol and its
derivatives are found in the effluents of various industries. This work
was aimed at investigating the effects of photocatalyst dosage, pH
and initial concentration on the photocatalytic degradation of phenol
using nanosized hematite (α-Fe2O3) synthesized via co-precipitation
route. 94 % degradation of phenol was achieved in an irradiation time
period of six hours. Photocatalytic degradation of phenol using αFe2O3 follows pseudo-first order kinetics. Highest photocatalytic
degradation of phenol was observed in the acidic medium. The
optimum dosage of α-Fe2O3 was found to be 1.5 gL−1 under the
experimental conditions employed.

industries such as petrochemical, coal,
pharmaceutical, wood, paint, pulp and
paper industries (Busca et al., 2008; Chiou
et al., 2008;
Ahmaruzzaman, 2008).
Phenol is easily absorbed through human
skin causing skin and eye burns upon
contact. Excessive exposure to phenol
may cause convulsions, cyanosis and even
death (Ahmaruzzaman, 2008; Pardeshi and
Patil, 2008)).
Recently, there has been a lot of research
interest in advanced oxidation processes
(AOPs) for wastewater treatment (Oller et
al., 2011).
AOPs are based on the
generation of highly reactive oxidants for
mineralizing various water pollutants and
destruction of microorganisms present in
water (Fujishima and Tryk, 2007;
Konstantinou
and
Albanis,
2004).
Photocatalysis is the most widely
researched AOP for wastewater treatment.

Introduction
Phenol is one of the most widely used
chemicals produced at a rate of about 6
million tons per year worldwide. Phenol is
used as a disinfectant, a solvent, a
peptizing agent in glues, a blocking agent
for blocked isocyanate monomers, and a
reagent
in
chemical
analysis
(Ahmaruzzaman, 2008). Furthermore,
phenol is a precursor to aspirin, xylenols,
alkylphenols, chlorophenols, aniline and
various polymeric materials such as
phenol–formaldehyde resins, epoxy-resins,
caprolactam, nylons, polyester polyols etc.
Several chemicals produced from phenol
serve as the raw materials for the
production of surfactants, fertilizers,
explosives, paints, textiles, antioxidants,
etc. Therefore, phenol and its derivatives
are found in the effluents of various
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Photocatalysis can achieve complete
destruction of water pollutants and
pathogens
without
generation
of
secondary pollutants under ambient
temperature and pressure (Fujishima and
Tryk, 2007). The photocatalytic activities of
various semiconducting materials such as
TiO2, ZnO, α-Fe2O3, CdS, WO3, ZnS, etc, and
their composites to degrade a wide variety
of water pollutants have been investigated
by many researchers (Fujishima and Tryk,
2007). TiO2 is the most widely used
photocatalyst
due
to
its
good
photocatalytic activity, non-toxicity and
low cost. However, the large band gap
(3.2eV) of TiO2 makes it effective only in
the presence of UV light with wavelengths
shorter than 380nm, covering about 5% of
the solar spectrum (Casbeer et al., 2012).
Hematite (α-Fe2O3) as a visible light active
photocatalyst with a bandgap of about
2.2 eV has been applied for the
photocatalytic degradation of some
phenolic compounds (Zhang et al., 2012;
Bakardjieva et al., 2007; Valenzuela et al.,
2002).
Bakardjieva et al. (2007)
synthesized iron oxides by calcination of
ferrihydrite at different temperatures (200,
500, 800 and 1000 °C) and found α-Fe2O3
that was calcined at 1000 °C to be the best
photocatalyst for the degradation of 4chlorophenol. Valenzuela et al. (2002)
reported that α-Fe2O3 is less active than
TiO2, ZnFe2O4 and ZnO for the
photocatalytic degradation of phenol
under ultraviolet light irradiation. To the
best of our knowledge, the published
literature reports on the photocatalytic
degradation of phenol over α-Fe2O3 were
aimed at testing the photocatalytic activity
of α-Fe2O3 synthesized via different routes
under ultraviolet light irradiation (Zhang et
al., 2012; Bakardjieva et al., 2007;
Valenzuela et al., 2002). This is usually done
by monitoring the effect of irradiation time
on the photocatalytic degradation of
phenol. The effects of various parameters
on the efficiency of photocatalytic
16

degradation of phenol over α-Fe2O3 under
visible light irradiation have not been
reported in the literature. Therefore, the
aim of this work was to investigate the
effects of photocatalyst dosage, initial
concentration of phenol and pH on the
kinetics of phenol degradation using
nanosized
α-Fe2O3
photocatalyst
synthesized via co-precipitation route.

Materials and Methods
38.45g of iron nitrate was dissolved in
250ml of deionized water. 21ml of
ammonium hydroxide was then added.
The mixture was stirred at 50oC at a pH of
8.0 for three hours. The formed precipitate
was aged for 24 hours, washed with
deionized water and then filtered under
vacuum. The product was dried overnight
in an oven at 110oC. The dried product was
further calcined in a furnace at 1000oC for
four hours to yield α-Fe2O3. Analytical
grade reagents were used for the
synthesis.
Powder X-ray diffraction
pattern of the synthesized α-Fe2O3 was
recorded using an X-ray diffractometer
(Shimadzu, model 6000) employing Cu Kα
radiation source (λ=0.154nm). The specific
surface area of the photocatalyst was
obtained using a modified BET method
which is based on the adsorption of water
molecules on the surface of solid samples
(Adefila et al., 2003).
100ml of phenol solution of a given
concentration (0.5g/L to 2.0g/L) was mixed
with a fixed amount of the photocatalyst
in a photoreactor and magnetically stirred
for two hours in the dark in order to
establish
adsorption-desorption
equilibrium of phenol on the photocatalyst.
Thereafter, the mixture was exposed to
visible light irradiation provided by a 500W
halogen lamp under continuous stirring at
room temperature (28±2°C) for the
required period of time. Periodically,
samples were taken for analysis after
separating the photocatalyst particles.
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These samples were analyzed for residual
concentration of phenol using a UV/Vis
spectrophotometer
(Jenway
6405).
Experiments were repeated in duplicate
for getting the reproducibility of the
results. The percentage degradation of
phenol was calculated using eq. (1):
(C − Ct )
Percentage deg radation = 0
×100%
C0
(1)
where Co and Ct are the initial
concentration of phenol
and the
concentration of phenol after irradiation
time (t) respectively.

were observed at 2θ = 24.3°, 33.3°, 35.7°,
40.9°, 49.5°, 54.1°, 62.5° and 64.0°. The
peaks are due to hematite (JCPDS file No
33-0664). The crystallite size of α-Fe2O3
was determined using the Debye–Scherrer
equation (eq. 2).
kλ
(2)
τ=
β cos θ
where τ is the particle size, λ is the
wavelength of the X-ray radiation (Cu
Kα = 0.1542 nm), k is the shape factor
(k = 0.94), β is the full line width at half
maximum height and θ is the angular
position of the peak maximum. The
estimated crystallite size of α-Fe2O3 was
58.2nm. The measured specific surface
area of α-Fe2O3 was 162.3m2/g.

Results and Discussion
Displayed in Figure 1 is the XRD pattern of
the synthesized α-Fe2O3. Diffraction peaks

Figure 1. XRD pattern of the synthesized hematite
Control experiment was performed by
mixing 0.1g of α-Fe2O3 with phenol (100ml,
0.5g/L) in the dark. The results show that
six hours of adsorption of phenol in the
dark over the surface of α-Fe2O3 lead to the
removal of only 12% of phenol. The effect
of irradiation time on the percentage

degradation of phenol (100ml, 0.5g/L) over
0.1g of α-Fe2O3 as well as in the absence of
photocatalyst is depicted in Figure 2. The
percentage degradation of phenol
increases with increase in the irradiation
time, and reached 94 % within six hours.
17
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In the absence of photocatalyst, the
percentage degradation of phenol was
only 21 % in an irradiation time period of six
hours. This result indicates that the

synthesized
α-Fe2O3 has a good
photocatalytic activity for the degradation
of phenol.

Figure 2. Effect of irradiation time on the percentage degradation of phenol via
photolysis and photocatalysis using the synthesized hematite
Heterogeneous photocatalysis involves
two major steps: adsorption of the
reactants on the photocatalyst surface
followed
by
photooxidation
or
photoreduction of the adsorbed reactants
with
the
photogenerated
reactive
intermediates (Konstantinou and Albanis,
2004). Unlike adsorption which merely
concentrates phenol on the surface of the
adsorbent, photooxidation of phenol
generates
intermediates
(such
as
hydroquinone, catechol and benzoquinone)
which are subsequently photooxidized
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(mineralized) to form CO2 and H2O (Chiou
et al., 2008; Valenzuela et al., 2012).
The pseudo first order kinetics equation (3)
is often used to describe the kinetics of
photocatalytic processes (Chiou et al.,
2008).
C
(3)
− ln 0 = k app t
C
where kapp is the apparent rate constant of
a photocatalytic process which is often
used as a measure of the effectiveness of a
given photocatalytic process.
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Figure 3. Pseudo first order kinetic plot for the photocatalytic degradation of phenol
using hematite at various initial concentrations of phenol
photocatalytic degradation of phenol
using TiO2 under ultraviolet light irradiation.
To study the effect of α-Fe2O3 dosage,
various α-Fe2O3 doses ranging from 0.50 to
3.0g L−1 were used. Figure 4 shows the
pseudo first order kinetic plot for the
photocatalytic degradation of phenol at
various dosages of α-Fe2O3. The
degradation rate increased with increasing
α-Fe2O3 dosage up 1.5g L−1. The increase in
the α-Fe2O3 dosage led to the increase in
the active surface area of the α-Fe2O3 and
enhancement of the photocatalytic activity.
However, further increase in the α-Fe2O3
loading
resulted
in
slower
photodegradation. This observation can be
attributed to the increased turbidity of the
suspension, which leads to unfavourable
light scattering and reduction of light
penetration into the suspension thereby
diminishing the photocatalytic activity
(Jaafar et al., 2012). Hence, the optimum
dosage of α-Fe2O3 is 1.5 g/L under the
experimental conditions employed. It shall
be noted that the optimum photocatalyst
dosage is dependent upon the size of the
photoreactor as discussed recently by
Sharma et al. (2013).

A series of photocatalytic experiments
were carried out with different initial
concentrations of phenol ranging from
0.5g/L to 2.0g/L with 1g/L of α-Fe2O3.
Figure 3 shows the effect of the initial
concentration on the pseudo first order
kinetics of the photodegradation of
phenol using α-Fe2O3. For the range of
concentrations considered, the correlation
coefficient (R2 > 0.96); hence, the kinetics
of the photocatalytic degradation of
phenol using α-Fe2O3 obeys pseudo-first
order kinetic model. A decrease in the rate
of phenol degradation with increase in the
initial concentration of phenol was
observed.
The
increase
in
the
concentration of phenol causes saturation
of active sites on the surface of hematite
with phenol molecules, thus reducing light
penetration and subsequent hydroxyl
radical formation leading to lower
photocatalytic activity. The apparent rate
constants (kapp) were found to be
0.003min−1, 0.004min−1, 0.007min−1 and
0.018min−1 for the initial
phenol
concentrations of 2.0g/L, 1.5g/L, 1.0g/L and
0.5g/L respectively. Similar kinetic behavior
was observed by Chiou et al. (2008) for the
Techno Science Africana Journal Volume 10 Number 1
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Figure 4. Pseudo first order kinetic plot for the photocatalytic degradation of phenol at
various dosages of hematite
(pHzpc) of α-Fe2O3 is 8.68 ± 0.12 (Smith
and Salman, 1966). At pH values lower
than pHzpc, the surface of α-Fe2O3 is
positively charged and above pHzpc, the
surface of α-Fe2O3 is negatively charged.
The pKa of aqueous solution phenol is 9.95
(Chiou et al., 2008). If pH < pKa, then
phenol is in the molecular form (C6H5OH)
and if pH > pKa the phenolate anion
(C6H5O−) dominates. At the pH of 11.0, the
photocatalytic activity of α-Fe2O3 is
minimal because both α-Fe2O3 and phenol
are negatively charged at that pH level.
Hence they repel one another thus
decreasing phenol adsorption on α-Fe2O3
and subsequent photooxidation.

Photocatalytic reactions occur on the
surface of photocatalysts most of which
are amphoteric in aqueous media. As
apparent in Figure 5, the highest
photocatalytic activity was obtained at the
pH of 4. Increase in the pH of phenol
solution resulted in lower photocatalytic
activity. This may be attributed to the
reduction in the amount of positive
charges on the surface of α-Fe2O3 with
increasing pH. Reduction in the amount of
positive charges on the surface of α-Fe2O3
decreases the attraction of phenol
towards the surface. Electric charge
properties of both the photocatalyst and
the substrate play an important role in
photocatalysis. The zero point charge

20
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Figure 6. Effect of pH on the photocatalytic degradation of phenol using hematite

94 % photocatalytic degradation of phenol
was achieved in an irradiation time period
of six hours using the synthesized
hematite. In the absence of hematite, six
hours of irradiation resulted in the

degradation of only 21 % of phenol.
Photocatalytic degradation of phenol
follows pseudo-first order kinetics. The
optimum dosage of α-Fe2O3 was found to
be 1.5 g L−1. Highest photocatalytic
degradation of phenol was observed in the
acidic medium.
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