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ABSTRACT

Photocatalytic degradation of acid alizarin black (AAB) dye (C.lI. 21725) in aqueous solution was
investigated using UV light in the presence of powder of titanium dioxide (P- TiO,) and nanoparticles of
titanium dioxide (N- TiO,) as a catalyst. The operating conditions were catalyst dosage (10 and 20 mg/L )
and initial concentration of AAB dye (10 and 20 mg/L). It was found that the increasing of catalyst
concentration enhanced the dye decolourisation. Both catalysts exerted positive effects on the AAB
removal whilst theinitial concentration of AAB negatively affected itsremoval.
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INTRODUCTION

any modern techniques of treatment

have been used over the last few
decades for treat and purify water. Ozonation
and photolysis techniques, for example, have
been used successfully to degrade and reduce a
range of organic and biological pollutants (Rice
and Hoff 1981; Rice and Browning 1981).
However, stronger oxidant are produced (i.e.
radicals) when these techniques are combined
with some additives such as hydrogen peroxide
and catalysts, and these processes together with
additives are called Advanced Oxidation
Processes (AOPs) (Glaze, Kang et al. 1987).
AOPs are typically based on redox reactions as a
result of gaining and losing electrons by radicals
and organic molecules, respectively (Rice and
Netzer 1983). Among AOPs, in recent years,
heterogeneous photocatalysis methods have
received a great attention in degrading or
reducing organic pollutant (Al-Ekabi,
Safarzadeh-Amiri et al. 1991).

It is estimated that, in textile industries, more
than 10% of the dye is lost during the process of
dyeing and discharged as effluent (Weber and
Stickney 1993). Since the existence of small
quantities of dyes (even bellow 1 part per
million) is clearly visible, the discharge of those
coloured water pollutants in the environment is a
considerable non aesthetic pollution source.
Through hydrolysis, oxidation or other chemical
reactions taking place in the phase of
wastewater, wastes of dyes can also produce
dangerous Dby-products and eutrophication
(Zollinger 1991; Tang, Zhang et al. 1997).
Therefore, dye effluents decolourisation has
received increasing attention. Using TiO, as a
photocatalyst, among heterogeneous

photocatalysis, appears as the most emerging
destructive method for decolourisation of dye
effluents (Ollis and Al-Ekabi 1993). By using
irradiation and solar technology, different kinds
of dyes have been successfully reduced or
degraded in a batch scale (Neppolian, Sakthivel
et al. 1998; Wang 2000; Zhu, Wang et al. 2000).
This study outlines the results achieved for the
degradation of acid alizarin black (AAB) in the
presence of both powder TiO, (P-TiO;) and
nanoparticle of TiO, (N-TiO,;). Various
operating parameters were studied in this
research including initial concentration of AAB
and catalyst dose.
METHODOLOGY

Materials

Acid alizarin black (AAB) was purchased
from Hopkin and Williams LTD, UK and used
as received. A stock solution of AAB (100mg/L)
was prepared on a daily basis in distilled water
and other concentrations (10 and 20 mg/L) were
prepared by dilution the stock solution of AAB.
The prepared stock solution was covered and
kept in dark. Titanium dioxide (TiO,), with
particle size of 45 um, was purchased from
ALPHA CHEMIKA, India; and nanoparticles of
Ti0,, with particle size of 21 nm, was purchased
from Sigma-Aldrich, UK, and used as received
without further treatment. UV lamp with 254 nm
(12 watt) was purchased from SEMTEC, China.

Experimental procedures

A closed semi-batch reactor, as shown in Fig.
1, was used in this study. A 500 mL of the AAB
solution at a specific concentration was charged
into the reactor, this solution prepared from the
stock solution by dilution. The volume of the
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reactor was 600 mL. It is made from PYREX
glass and fitted with a sample port. The reactor
was equipped with a plunging tube in which a
SEMTEC 12 watt lamp was placed horizontally.
A glass syringe with 5 mL volume was used, at a

specific schedule, to collect samples. A
centrifuge was used for 10 min to separate
titanium dioxide from the solution before
analysis. Visible spectrophotometer (Jenway,
6700) was used to analyse the collected samples.

Sampling syringe —————— I.—‘

Magnetic stirrer

O

T~

A PYREX resictar

t—ee UV lamp

Magnetic bar

Fig. (1) Photocatalytic reactor

RESULTSAND DISCUSSION
Effect of initial TiO, concentration

The effect of TiO, concentration on AAB
decolourisation was studied and the results are
shown in Fig.2. The figure shows the
decolourisation of AAB solution in the presence
of both P-TiO, and N-TiO,. The other
experiment conditions were kept constant (AAB
concentration was set to 10 mg/L, pH 6.84, and
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room temperature 22°C). The catalyst
concentrations used were 10 and 20 mg/L for
both catalysts. Fig. 2 also shows how the
increasing catalyst concentration increases the
removal efficiency. After 60 min reaction time,
the decolourisation rate of AAB increased when
concentration of both catalysts increased. It was
found that the rate of decolourisation enhanced
when N-Ti0, was used instead of P-TiO,.



Journal of University of Zakho, Vol. 2(A) , No.2, Pp 336-341, 2014

0 10 20 30
Reaction time (min)

—#—N-TiO2 10 mg/L
—+—N-TiO2 20 mg/L
—o—P-Ti02 10 mg/L

+~—P-TiO2 20 mg/L

40 50 60 70

Fig. (2) AAB removal by using different concentrations of catalyst at 60 min ([AAB], = 10 mg/L, Temperature=

22 °C, Volume = 500 mL, pH= 6.84)

The removal percentage of AAB increased
and reached 77 % and 87 % after using 10 and
20 mg/L of P-TiO,, respectively (see Fig. 3).
However, the removal percentage enhanced and
reached 90 % and 94 % when 10 and 20 mg/L of

N-TiO, used, respectively. The removal
efficiency of AAB was recorded the lowest
removal percentage when 10 mg/L of P-TiO,
used.
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Fig. (3) AAB removal percentage at various concentrations of catalyst at 60 min (JAAB, = 10 mg/L,

Temperature= 22 °C, Volume = 500 mL, pH= 6.84)
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Effect of initial AAB concentration

The effect of initial concentration of AAB on
the decolourisation rate of AAB using UV light
in the presence of P-TiO, and N-TiO, was

decolourisation percentage of AAB in the
presence of P-TiO, at 60 min reaction time
decreased from 77 % to 74 % when AAB
concentration increased from 10 to 20 mg/L,

respectively (see Fig. 5). However, the
decolourisation percentage in the presence of N-
TiO, decreased from 90 % to 87 %.

studied. The results show that increasing the
initial concentration of AAB reduced the
decolourisation rate (see Fig. 4). The
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Fig. (4) Effect of initial AAB concentration on solution decolourisation at 60 min (Temperature= 22 °C, Volume
= 500 mL, pH= 6.84)
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Fig. (5) AAB removal percentage at various concentrations of AAB at 60 min (Temperature= 22 °C,
Volume = 500 mL, pH= 6.84)
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CONCLUSIONS

Photocatalytic degradation of acid alizarin
black (AAB) in the presence of powder of TiO,
(P-TiO,) and nanoparticles of TiO, (N-TiO,),
under different operating conditions, was studied
in this research. The operating conditions were
catalyst dosage and initial concentration of
AAB. The most effective improvements on the
degradation of AAB were recorded when N-
TiO, was used. It was found that the increasing
of catalyst concentration enhance the reaction
rate of AAB decolourisation. It is also found that
the removal percentage of AAB reached the
maximum value when 10 mg/L of AAB used
instead 20 mg/L.
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