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Abstract
Introduction: In this research mixed ZnO and TiO2 was used for degradation of an azo dye (Direct Blue 71).
Material and Methods: In co mparison with just TiO2 or ZnO as photocatalyst, mixed photocatalyst
(ZnO/TiO2) is more efficient catalyst for degradation of dye under UV irrad iation. The progress of the reactions was
monitored spectrophotometrically by measuring the absorbance of dye at special wavelengths. The effects of various
parameters such as ZnO/TiO2 ratio, amount of photocatalyst, pH, init ial dye concentration and irradiation time on
decolorization rate were systematically investigated.
Results: Results show that approximately 90 % o f Direct Blue 71 has been eliminated after 70 minutes and
optimized condition.
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Introduction
Textile industries produce large volume of

Electron would reduce any available species,

colored dye effluents which are toxic and

including O2, water and hydroxide ion to form

removal of dyes from wastewater is a significant

hydroxyl radicals. The OH·¯ radicals are very

environmental issue. For the treatment of dye-

strong oxidizing agents and can easily attack the

containing

organic molecules, thus lead finally to their

wastewater,

various

biological,
as

complete mineralization. ZnO and TiO2 are

microbial biodegradation, membrane filtration,

important photocatalysts with high catalytic

oxidation, ozonation, adsorption, and ultra-

activity that have attracted much research

filtration have been used[1-5]. However, many of

attention[12-14].In comparison with TiO2, higher

these

prohibitive,

photocatalytic activity has been reported for

especially when they have been applied for

ZnO and it can absorb a larger portion of light

treating large waste streams and some of them

spectrum. Studies have shown that the use of

merely transfer dyes from the liquid- to the

metal oxides or sulfide such as WO3, MoO3,

solid-phase, requiring further treatment and

SiO2, MgO, ZnO and CdS with TiO2 can

causing secondary pollution[6]. Thus, there is a

significantly enhance the photocatalytic activity

need for developing treatment methods that are

of

more

from

photodegradation mechanism of ZnO with TiO2,

wastewater. Advanced oxidation process (AOPs)

it is a suitable semiconductor using with TiO2[17-

is

19]

physical and

chemical methods

technologies

effective

alternative

are

cost

such

in elimination dyes

method

for

the

complete

TiO2[15,

.

16]

.

Due

In continuation

of

to

our

similarity

research

of

on

degradation of many organic pollutants[7-11].

degradation of

When a photocatalyst absorbs radiation whose

heterogeneous

energy hν>Eg (Eg is the semiconductor band

catalyst, in this paper, we report the results of

gap energy), an ē from its filled valance band

photocatalytic activity improvement of TiO2 just

(VB) is promoted to its conduction band (CB)

with mixing it with ZnO in different weight

and valance band holes h+ are formed (Fig. 1).

percent.
262

dyes
[14,

20]

in the

presence of

or homogeneous

[21]
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Fig. 1 The photocatalyst interface under UV- illumination

Materials and Methods
Direct Blue 71 was commercial product.

were obtained from Merck and used without

Chemical structures and other characteristics of

further purification.

dye are listed in Table 1. TiO2 and ZnO powder

Table 1. Chemical Structure and characteristics of dyes
Dye

Abbreviation

Structure

λmax
(nm)

Direct Blue 71

DB71

585
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separated by centrifuged and filtered. Decreasing

Apparatus
A

model

UV-

Vis

in the concentration of dye was monitored

spectrophotometer

(Shimadzu- 160A) with 10 mm quartz cells was

spectrophotometrically

used to make absorbance measurements. To

absorbance of dyes at special wavelengths. So

adjust the pH, the Horiba pH meter was used.

the degree of photodegradation (X) as a function

Preparation of photocatalyst

of time is given by:

ZnO and TiO2 (with 20, 40, 60, 80 % (w/w))

X=

were mixed in water (250 mL). The suspension

by

measuring

the

C0 - C
C0

where C0 is the initial concentration of CV, and

was stirred for 1 h. Photocatalyst was separated,

C the concentration of CV at time t.

washed and air-dried.

The light source emitted light just above the

Photocatalytic degradation

sample. The intensity level of light is controlled

Stock solution of the dyes(100 mgL-1) was

by fixing the distance between the source of
prepared by dissolving of 100 mg of dye in
light and the sample.
distilled water and diluted to 1000 mL. Other
working solutions were prepared by diluting of

Results and Discussion

this stock solution.

At

first,

experiments

concerning

the

In all cases during the experiment 20 mL of dye
decomposition of dye (100 mgL-1) in the
solution (80mgL-1 for DB71) containing the
presence of mixed ZnO/TiO2 (20 % (w/w))
appropriate

quantity of

photocatalyst was
semiconductor and UV illumination, ablank

magnetically stirred. In order to achieve the
experiment in the absence of hν and another
maximum adsorption of the dye onto the
blank experiment in the presence of hν and
heterogonous photocatalyst, the cell was left for
without semiconductor were performed,. Results
30 min in the dark. The UV irradiation was
of these experiments showed that degradation of
carried out using Philips lamp (400 W). The
dye in the presence of ZnO/TiO2 (20 % (w/w))
colloid solutions of photocatalyst particles were
as a photocatalyst and UV irradiation could lead
264
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to the disappearance approximately 72 % after

ZnO/TiO2 weight percent 20, 40, 60 and 80 %

45 minutes. This was contrasted with less than 5

(w/w). All the results are presented in Fig.

% decolorization for the same experiment

2.ZnO/TiO2 mixed catalyst had a higher

performed in the absence of catalyst with UV

photocatalytic activity. After 45 minutes of UV

irradiation and no noticeable changes in the

light irradiation, 32, 74 and 58 % of the dye in

solution absorbance during stirring of dyes and

an aqueous dispersion was degraded by TiO2,

photocatalyst in dark.

ZnO and ZnO/TiO2(50 % (w/w)) respectively.

Effect of the ZnO/TiO2 weight percent on

Photodegradation of DB71 with ZnO was

the

reported by our group and results showed that

photocatalytic

activity

and

the significant degradation carried out in the

Comparison with pureTiO2 or ZnO

presence of H2O2 as oxidation agent

To compare the photoactivity of pure TiO2 or

experiments

ZnO and ZnO/TiO2 mixed, 1 g/L TiO2 and ZnO

showed,

the

[14]

. Recent

noticeable

decolorization of dye solution can be done

were used as reference catalyst and a set of

without any oxidation agent with mixed

parallel experiments were conducted with the

ZnO/TiO2photocatalyst.
90

Degradation of dye %
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Fig. 2 Effect of the ZnO/TiO2 weight percent on the photocatalyticactivity;Dye = 80 mg/L, [catalyst] = 1
g/L, time =40 min.
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pH effect on the photo-oxidation of dye

groups (table 1). Decreasingthe pH increases the

For pH testing, the pH of dye solution adjusted

positive charge

by 1M sodium hydroxide or 0.1 M cholericacid.

on photocatalyst and thus

The influence of pH on the photo-oxidation of

adsorption of dye to it, which accelerates the

dye was studied; faster degradation of dye was

decolorization. But due to no significant

achieved under acidic condition (Table. 2). This

difference between results in acidic pH and

dye is negatively charged due to the sulfite

dyesolution, all catalytic experiments were

promotes

the

carried out at pH = 6.4 (pH of dye solution).
Table 2. Effect of pH on degradation of 80 mg/L DB 71 (1 g/L ZnO/TiO2 (50% w/w) and irradiation
time 45 min).
pH

Degradation of dye %

2.3

78

4.1

75

6.4 (dye solution)

74

7.8

62

9.2

58

with dye concentration of 80 mg/L and UV

Effect of catalyst concentration

irradiation time of 45 minutes. Figure 3 shows

In order to avoid the use of excess catalyst, a set

that decolorization of dye was increased with

of parallel experiments were conducted by

increasing amounts of photocatalyst up to 1.25

varying the amounts of catalyst from 0 to 1.5 g/L

g/L.
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Fig. 3 photodegradation of DB 71 vs different ZnO/TiO2 concentration; dye (80 mgL-1), ZnO/TiO2 (50
% w/w) and irradiation time 45 min.

Study of degradation of dye in various

time dependent graphs of degradation of DB 71

initial DB 71 concentration

at different DB 71concentration solutions (10,

After

optimizing

the

catalyst

dose,

the

25 and 50 mg/L). As the concentration of the

photocatalytic degradation of DB 71 was carried

dye was increased, the rate of photodegradation

out by varying the initial concentrations of the

decreased indicating to increase time scan for

dye (10, 40 and 80 mg/L). Figure 4 shows the

the complete degradation of dye.
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concentration of dye
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Figure 4. Effect of the initial DB71 concentration on photocatalytic degradation (pH = 6.4, ZnO/TiO2
(50% w/w, 1.25 g/L).

Conclusion

eliminated after 70 minutes in the presences of

The photocatalytic oxidation of a azo dye

catalyst, UV irradiation and without additional

(Direct Fast blue B2R (DB. 71) has been studied

oxidation agent.

using mixed ZnO and TiO2as catalyst under UV
irradiation. Approximately 90 % of dye has been
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