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The effect of operational parameters on the photocatalytic degradation
of three textile azo dyes in aqueous TiO2 suspensions
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Abstract

Photocatalytic degradation of three commercial textile diazo dyes, called (C.I. Direct 80, 3BL, C.I. Direct Blue 160, RL and C.I. Reactive
Yellow 2, X6G) were investigated using commercial TiO2 in aqueous solution under 400 W high-pressure mercury lamp irradiation. The
effect of oxygen, temperature, catalyst loading, UV-light irradiation time, solution pH and inorganic ions such as SO4

2−, Cl− and NO3
−

were studied and optimized values were obtained. Results show that the employment of efficient photocatalyst and selection of optimal
operational parameters may lead to complete decolorization and to substantial decrease of the chemical oxygen demand (COD) of dye
s
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. Introduction

Azo dyes are a versatile class of colored organic com-
ounds that have extensively been used in both industry for
pplications such as textiles, papers, leathers, gasoline, ad-
itives, foodstuffs and cosmetics and analytical chemistry

1,2]. About a half of global production of synthetic textile
yes (700,000 t per year) are classified into azo compounds

hat have the chromophore ofN N unit in their molec-
lar structure and over 15% of the textile dyes are lost in
astewater stream during dyeing operation. These azo dyes
re known to be largely non-biodegradable in aerobic condi-

ions and to be reduced to more hazardous intermediates in
naerobic conditions[3]. It is well known that soluble azo
yes when incorporated into the body are split into corre-
ponding aromatic amines by liver enzymes and intestinal
ora, which can cause cancer in human. Removing color
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from wastes is often more important than the other colo
organic substances, because the presence of small am
of dyes (below 1 ppm) is clearly visible and influences
water environment considerably. Therefore, it is neces
to find an effective method of wastewater treatment in
der to remove color from textile effluents[4]. One of the
new methods of wastewater treatment containing dyes is
photocatalytic degradation in solutions illuminated with U
irradiation, which contains a suitable photocatalyst, ma
TiO2. This method was successfully applied to the dec
position of numerous organic substances, including azo
anthraqinonic dyes[5]. The aim of the present work is
investigate the influence of various parameters on phot
alytic degradation of three textile diazo dyes, called (C.I.
rect 80, 3BL, C.I. Direct Blue 160, RL and C.I. React
Yellow 2, X6G), in the presence of TiO2 irradiated by the
UV-light. In this paper, we also examined the effects of
eral types of inorganic ions (e.g. SO4

2−, Cl− and NO3
−) that

are common in synthetic dye-containing effluent on the
tocatalytic degradation of these diazo dyes in aqueous2
M.H. Habibi). suspensions.
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Fig. 1. (a) Chemical structure of commercial diazo dye of direct Copper
Navy BlueRL (C.I. Direct Blue 160). (b) Chemical structure of commer-
cial diazo dye of light YellowX6G (C.I. Reactive Yellow 2). (c) Chemical
structure of commercial diazo dye of Solophenyl red3BL (C.I. Direct 80).

2. Experimental

2.1. Reagents and materials

Solophenyl red3BL (C.I. Direct 80, M.W. = 1373 g/mol),
Direct Copper Navy BlueRL (C.I. Direct Blue 160,
M.W. = 1110 g/mol) and Light YellowX6G (C.I. Reactive
Yellow 2, M.W. = 872.5 g/mol) textile dyes were obtained
from Ciba-Geigy (UK), Youhao (China) and Bitterfeld (Ger-
many), respectively. Dyes chemical structures were shown in
Fig. 1(a–c). The other materials such as K2HPO4, KH2PO4,

F r; (b)
p alu-
m net
s ostat
H

Fig. 3. Calibration curves of RL, 3BL and X6G dyes.

NaOH, HCl, KCl, H2O2, HgI2, KI, Na2B4O7·10H2O,
KHC8H4O4, HgSO4, NaCl, Na2SO4, NaNO3, K2Cr2O7,
C12H8N2, Fe(NH4)2(SO4)2·6H2O, Ag2SO4, H2SO4,
FeSO4·7H2O, AgNO3, Ba(NO3)2 and C12H11N were
obtained from Merck. The commercially available TiO2
powder was anatase in crystalline form and it has a surface
area about 50 m2/g and primary particle size of 30 nm was
obtained from Aldrich.

2.2. Apparatus

Double beam UV–visible spectrophotometer (Varian Cary
500 Scan) was used for spectrophotometric determination
of diazo dyes concentrations. Photodegradation process was
performed in a photodegradation cell of 200 ml in volume
with a high pressure mercury lamp 400 W are shown inFig. 2.

2.3. Experiments procedure

Fresh dye solutions were prepared before use and diluted
according to the requirements of the experiments and ad-
justed to known pH. The photodegradation cell was feed with
100 ml of the solution with stirring. During irradiation, agi-
tation was maintained to keep the suspension homogenous.
Samples (ca. 2 ml) were withdrawn for UV–visible anal-
y The
c deter-
m ;
λ d
u e
a imen-
t ible
s also
m p-
t sorp-
t dye
c to its
d t in
t tions
ig. 2. Photodegradation set up for diazo dyes: (a) oxygen cylinde
ower supply; (c) 400 W high-pressure Hg lamp; (d) photoreactor with
inium foil as reflector for a full irradiate of catalyst; (e) fan; (f) mag

tirrer; (g) 2 l Pyrex beaker; (h) photodegradation cell; (i) water therm
aake model F-122.
sis and centrifuged for 20 min at the rate 1000 rpm.
oncentration of dyes in each degraded sample were
ined by a spectrophotometer at (RL;λmax= 570 nm, X6G

max= 400 nm and 3BL;λmax= 530 nm), respectively, an
sing a calibration curve (Fig. 3). λmax values applied in th
bsorbance measurements of dye solutions were exper

ally characterized on the basis of determined UV–vis
pectra (not shown in here). The measurements were
ade in quartz cells atl = 1 cm. The linearity of the absor

ion curves against dye concentrations show that the ab
ion of these dyes obeys from the Beer’s law over these
oncentrations and differences in those slopes is due
ifferent absorption coefficients. It is worth to note tha

he cases of RL and X6G dyes that initial dye concentra
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do not fall in the represented calibration curve; we have to
dilute those samples which were withdrawn for concentra-
tion analysis purposes because of the Beer’s law limitation in
higher concentration. The control experiments were carried
out as follows: (i) with dyes solutions without TiO2 loading in
the absence of UV–visible light (darkness), (ii) with dyes so-
lutions without TiO2 loading in the presence of visible light,
(iii) with dyes solutions and TiO2 loading in the absence of
visible light, (iv) with dyes solutions and TiO2 loading in
the presence of visible light, (vi) with dyes solutions in the
presence of UV-light without TiO2 loading.

2.4. Final products

Some ionic species such as NH4
+, NO3

−, NO2
−, SO4

2−
and Cl− and gases such as CO2, CO, SO2, N2O and NO2
may result during dyes photocatalytic degradation. The ionic
species content such as NH4

+ is determined using Nessler
regent, NO2

− and NO3
− after degradation are determined

by using UV–visible spectrophotometer colorimetrically and
SO4

2− and Cl− concentrations were determined by standard
procedure[6,7].

3. Results and discussion

3
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dyes. In contrast, the influence of oxygen flux variation on the
time of complete photocatalytic degradation of 3BL dye was
not significant and photocatalytic degradation of this dye well
progressed in the absence of oxygen. It seemed that the oxy-
gen was probably not necessary for 3BL dye photocatalytic
degradation. It is worth to note that the complete photocat-
alytic degradation time in the whole experiments has been
taken where the complete decolorization occurred and the
absorbance of withdrawn dye samples were too significant to
detectable by UV–visible instrument. In order to explain dis-
crepancy between these different behaviors of dyes photocat-
alytic degradation, we used the following mechanisms, which
have been reported in literature for photocatalytic degrada-
tion processes[8–12].

Mechanism (a):

dye+ hυ → 1dye∗ + 3dye∗ (1a)

1dye∗ or3dye∗ + TiO2 → dye•+ + TiO2(e−) (2a)

TiO2 (e−) + O2 → O2
− + TiO2 (3a)

dye•+ → products (4a)

dye•+ + O2 → products (5a)

Mechanism (b):
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.1. Effect of oxygen

In order to observe dye solution oxygen effect on the
f complete photocatalytic degradation of RL, X6G and 3
yes, some experiments were carried out by varying the
f oxygen. The temperature of experiments was mainta
t 25◦C by water circulation and TiO2 photocatalyst amou
as kept at 0.1 g/l. The obtained results were shown in
ig. 4. It can be seen that the time of complete photocata
egradation of RL and X6G dyes in the absence of oxy
re relatively high (120 and 90 min, respectively) but by
reasing oxygen flux the complete photocatalytic degrad
ime of these dyes were decreased. In other words, the ox
s necessary for photocatalytic degradation of RL and X

ig. 4. Effect of oxygen flux on the complete degradation time of diazo
f RL, 3BL and X6G.
iO2 + hυ → e− + h+ (1b)

− + O2 → O2
− (2b)

2O + h+ → •OH + H+ (3b)

2 + 2H+ + e− → H2O2 (4b)

2O2 + O2
− → •OH + OH− + O2 (5b)

2O2 + e− → •OH + OH− (6b)

H− + h+ → •OH (7b)

ince, the whole diazo dyes have no significant degrad
n the absence of TiO2 photocatalyst even in the presen
f UV-light; the mechanism (a) will be cancelled. In con
uence, the mechanism (b) from the physical point of v

s more feasible. The discrepancy between the effect of
en on the complete photocatalytic degradation time o
nd X6G dyes is due to light-limited condition. But, for

act that oxygen did not influence the degradation of 3BL
e explained by the fact that some of the adsorbed aro
ompounds can undergo direct oxidation by electron tra
o the surface holes by following equation.

ads+ TiO2(h+) → TiO2 + R•+ (1c)

nd the radical cation produced in this manner can und
ydrolysis or mesolytic bond scission to low weight produ

13–15].
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Fig. 5. Effect of solution temperature on the complete degradation time of
diazo dyes of RL, 3BL and X6G.

3.2. Effect of temperature

Fig. 5 shows the effect of solution temperature on the
complete photocatalytic degradation time of three dyes at
optimized oxygen flux. As shown inFig. 5, the effect of
temperature for RL and 3BL is not significant. Therefore,
room temperature is selected as optimum temperature for
the next experiments. In contrast, for X6G dyes molecules
temperature variation is an important factor for its photocat-
alytic degradation. It is well known that the solution tem-
perature can affect both photocatalyst and bulk properties
including dye molecules. In addition, temperature can also
affect adsorption/desorptions processes of dyes molecules
on the TiO2 photocatalyst surface. Since the band gap en-
ergy of TiO2 is so high (ca. 3 eV); therefore, thermal exci-
tations do not have an important role. Hence, bulk and sur-
face phenomena can be strongly influenced with tempera-
ture variation. Some of the most important bulk phenomena
are dye molecule aggregations, azo-hydrazone tautomeriza-
tion and geometric (cis–trans) isomerization which in turn
have significant roles in photocatalytic degradation and can
easily be varied with temperature variation. Among these
phenomena, dye molecules aggregation has the most impor-
tant effect on the photocatalytic degradation yield and solu-
tion temperature elevation can cause disaggregation of dye
molecules. It should be mentioned that, we did not observe
a tion
r e
a ptions
p alytic
d eight
o ye
m nd
3 act
t ecu-
l ion
s truc-
t ules
b t the
h and

Fig. 6. UV–visible absorption spectra of Solophenyl red 3BL in water at dif-
ferent dye concentrations. (a) 4× 10−3 mol dm−3, (b) 4× 10−4 mol dm−3,
(c) 4× 10−5 mol dm−3 and (d) 4× 10−6 mol dm−3.

3BL molecules. Therefore, solution temperature has signifi-
cant effect on the effective collisions between X6G and TiO2
photocatalyst as compared to3BL and RL.

3.3. Effect of TiO2 amount

The effect of TiO2 amount on the photocatalytic degrada-
tion of three diazo dyes was studied at optimized oxygen flux
and solution temperature and obtained results were shown in
Fig. 7. The photocatalytic degradation efficiency of the whole
dyes was increased by increasing the photocatalyst amount,
and then reaches the highest value and finally remains at con-
stant value (i.e. became independent of the catalyst concen-
tration). This can be rationalized in terms of availability of
active sites on TiO2 surface and the light penetration of pho-
toactivating light into the suspension. The availability of ac-
tive sites increases with the suspension of catalyst loading,
but the light penetration and, hence, the photoactivated vol-
ume of the suspension shrinks[16]. Moreover, the decrease
in the percentage of degradation at higher catalyst loading

F s of
R

ny aggregation for three diazo dyes within concentra
ange of 10−3 to 10−6 mol dm−3 (Fig. 6). Therefore, in th
bsence of dye molecule aggregation, adsorption/desor
rocesses must have the most important role in photocat
egradation processes. With considering molecular w
f three azo dyes, X6G (M.W. = 872.5 g/mol) is a light d
olecule in comparison with RL (M.W. = 1110 g/mol) a
BL (M.W. = 1373 g/mol) and by taking into account the f

hat X6G has three anion site (sulfate groups) in its mol
ar structure, while the 3BL and RL have six and four an
ite (sulfate and carboxylate groups) in their molecular s
ure, respectively, which can interact with water molec
y ion–dipole interactions. Consequently, it seemed tha
yradation of X6G molecule is lower than those of RL
ig. 7. Effect of TiO2 amount on the complete degradation of diazo dye
L, 3BL and X6G.
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Fig. 8. Effect of UV-irradiation time on the degradation of diazo dyes of RL,
3BL and X6G.

may be due to deactivation of activated molecules by col-
lision with ground state molecules. Shielding by TiO2 may
also take place (Eq.(1d)).

TiO2
∗ + TiO2 → TiO2

# + TiO2 (1d)

where TiO2
* is the TiO2 with active species adsorbed on its

surface and TiO2# is the deactivated form of TiO2 [17]. Ag-
glomeration and sedimentation of the TiO2 particles have also
been reported. In this condition, parts of the catalyst surface
become unavailable for photon absorption and dye adsorp-
tion, thus bringing little stimulation to the catalytic reaction.
The crucial concentration depends on the geometry, the work-
ing conditions of the photoreactor and the type of UV-lamp
(power, wavelength). The optimum amount of TiO2 has to be
added in order to avoid unnecessary excess catalyst and also
to ensure total absorption of light photons for efficient pho-
tomineralization. This optimum loading of photocatalyst is
found to be dependent on the initial solute concentration (ref.
[16] and references therein). We have found that the most ef-
fective degradation of X6G, 3BL and RL dyes was observed
with 7, 10 and 25 mg/l of TiO2, respectively. As shown in
Fig. 7, the initial slopes of linear portion of individual curves
are different and this slope increment for three diazo dyes is
as follows. The slope of X6G dye is greater than the 3BL dye,
which in turn is greater than the RL dye, which may be due
t

3

n
t s of
R m-
p
U zo
d it is
a pho-
t The
s it is
d ye
i n of

Fig. 9. Effect of solution pH on the degradation of diazo dyes of RL, 3BL
and X6G.

short chain aliphatics with•OH radicals and (c) the short
life-time of photocatalyst because of active sites deactiva-
tion by strong by-products deposition (carbon, etc.) (ref.[16]
and references therein). Discrepancy between the percent of
photocatalytic degradation of three diazo dyes may be due
to ability of their direct hole capturing and/or photocatalytic
degradation mechanisms[13–15].

3.5. Effect of pH

The effect of solution pH was studied in the range of
1–12 at optimized oxygen flux, solution temperature, catalyst
amount and UV-irradiation time.Fig. 9demonstrates the pho-
tocatalytic degradation of three diazo dyes RL, 3BL and X6G
at different pH. The best results for X6G photocatalytic degra-
dation was obtained in neutral solution (i.e. pH range from 4
to 7); whereas, for RL and 3BL dyes, the worst results were
obtained in this pH range and acidic and alkaline pH were
favored. The interpretation of pH effects on the efficiency of
dye photocatalytic degradation process is a very difficult task
because of its multiple roles. First, is related to the ionization
state of the surface according to the following reactions,

TiOH + H+ ⇔ TiOH2
+ (1e)

TiOH + OH− ⇔ TiO− + H2O (2e)

a acids
a rption
o ep
f t of
z .8.
T e-
d r al-
k can
b pos-
i ajor
o are
c h pH
l o
b e on
T ally
o their physicochemical properties.

.4. Effect of UV-irradiation time

Fig. 8 shows the effect of UV-light irradiation time o
he photocatalytic degradation of three textile diazo dye
L, 3BL and X6G at optimized oxygen flux, solution te
erature and catalyst amount. In the presence of TiO2 and
V-light, the 58, 62 and 90% of X6G, RL and 3BL dia
yes were degraded at irradiation time of 50 min and
lso evident that the percentage of decolorization and

odegradation increases with increasing irradiation time.
low kinetics of dyes degradation after certain time lim
ue to: (a) the difficulty in converting the N atoms of d

nto oxidized nitrogen compounds, (b) the slow reactio
s well as to that of reactant dyes and products such as
nd amines. pH changes can thus influence the adso
f dye molecules onto the TiO2 surfaces, an important st

or the photocatalytic oxidation to take place. The poin
ero charge (pzc) of the TiO2 (Degussa P25) is at pH = 6
hus, the TiO2 surface is positively charged in acidic m
ia (pH < 6.8); whereas, it is negatively charged unde
aline conditions (pH > 6.8). Second, hydroxyl radicals
e formed by the reaction between hydroxide ions and

tive holes. The positive holes are considered as the m
xidation species at low pH; whereas, hydroxyl radicals
onsidered as the predominant species at neutral or hig
evels. It was stated that in alkaline solution•OH are easier t
e generated by oxidizing more hydroxide ions availabl
iO2 surface; thus, the efficiency of the process is logic
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enhanced. Although it should be noted that in alkaline so-
lution there is a Coulombic repulsion between the negative
charged surface of photocatalyst and the hydroxide anions.
This fact could prevent the formation of•OH and thus de-
crease the photooxidation but very high pH has been found
favorable even when anionic azo dyes should hamper adsorp-
tion on the negatively charged surface. At low pH, reduction
by electrons in conduction band may play a very important
role in the degradation of dyes due to the reductive cleavage
of azo bonds. Third, the TiO2 particles tend to agglomerate
under acidic condition and the surface area available for dye
adsorption and photon absorption would be reduced. Hence,
pH plays an important role both in the characteristics of textile
waters and in the reaction mechanisms that can contribute to
dye degradation, namely hydroxyl radical attack, direct oxi-
dation by the positive hole and direct reduction by the electron
in the conducting band. An additional explanation for the pH
effects can be related with changes in the specification of
the dye. That is, protonation or deprotonation of the dye can
change its adsorption characteristics and redox activity[16].
Discrepancies between photocatalytic degradation behavior
of three diazo dyes can be explained by the facts that, for X6G
molecules adsorbed at lower pH completely which is due to
strong Coulombic attraction onto photocatalyst which did not
take place in the cases of RL and 3BL. Therefore, for X6G in
the lower pH instead of photocatalytic degradation process
o all
a gra-
d due
t ye
w egra-
d pH.
B c ac-
t RL
a ions
( f dye
s form
J les
w .

3

-
t dyes
o
l ra-
t ns.
B tic
d was
d
i ty of
t
a c-
c dye
c
C

Fig. 10. Absorption spectra of aggregated Solophenyl red 3BL aqueous so-
lution (4× 10−5 mol dm−3) at different pH after 10 h: (a) less than 1.14, (b)
1.14, (c) 3.00, (d) 4.20, (e) 7.32 and (f) 11.90.

acidic conditions by electrostatic attraction. In alkaline solu-
tions, such adsorption would be unlikely because of repulsive
electrostatic force[18].

3.7. Kinetics study of photocatalytic degradation

The photocatalytic degradation of some many organic
compounds in TiO2 suspensions under UV-light illumination
has often been modeled to the Langmuir–Hinshelwood rate
law (Eq.(1f)), which also covers the adsorption properties of
the substrate on the photocatalyst surface[14].

rate= −dC

dt
= kL–HKadsC

1 + KadsC
(1f)

wherekL–H is the reaction rate constant in mol dm−3 min−1;
Kads the adsorption coefficient of the reactant on TiO2 in
(mol dm−3)−1; andC is the concentration of the solute in
mol dm−3. The values ofkL–H andKadsare used to explain the
coefficients defining the rate determining reaction events and
pre-equilibrium adsorption within an adsorbed monolayer at

F RL,
3

nly fully adsorption take place which in turn blocked
ctive TiO2 sites and impeded further photocatalytic de
ation. Since the whole dyes were anionic; therefore,

o Coulombic repulsion in higher solution pH, the X6G d
as scarcely adsorbed. Therefore, the photocatalytic d
ation of this dye was decreased by increasing solution
ut for the above mentioned reasons the photocatalyti

ivity of anionic dyes (mainly sulfonated dyes) such as
nd 3BL reached a maximum value in alkaline condit
pH range 8–12). Furthermore, by decreasing the pH o
olution to less than 0.01 the 3BL dye molecules tend to
-aggregate (Fig. 10). In contrast, RL and X6G dye molecu
ere coagulated in this lower pH instead of aggregation

.6. Effect of inorganic ions

Fig. 11demonstrates the effect of SO4
2− ions concentra

ion on the photocatalytic degradation of three diazo
f RL, 3BL and X6G in the presence of TiO2 under UV-

ight irradiation at optimized oxygen flux, solution tempe
ure, catalyst amount, UV-irradiation time and pH conditio
y increasing the SO42− concentration, the photocataly
egradation of three diazo dyes of RL, 3BL and X6G
ecreased. Similar trends were observed for Cl− and NO3

−
ons (not shown here). These anions inhibited the activi
he photocatalyst (TiO2) by trapping h+ and•OH under both
cidic and basic conditions[18]. It is worth to note that the o
urrence of dissolved inorganic ions is rather common in
ontaining industrial wastewaters. Anions, such as SO4

2−,
l− and NO3

− could be adsorbed on the TiO2 surface in

ig. 11. Effect of inorganic ions on the degradation of diazo dyes of
BL and X6G.
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Table 1
Pseudo-first-order kinetic parameters of three diazo dyes photocatalytic
degradation

Dye R2 k (min−1) t1/2 (min)

RL 0.9986 0.0272 25.4779
X6G 0.9776 0.0305 22.7213
3BL 0.9976 0.0261 26.5517

the oxide surface and the aqueous solution interface. The
effect of light intensity is also incorporated inkL–H and
Kads especially expresses the equilibrium constant for fast
adsorption–desorption processes between surface monolayer
and bulk solution[14]. Integration of Eq.(1f) yields the fol-
lowing equation:

ln

(
C0

C

)
+ K(C0 − C) = kL–HKadst (2f)

When the initial concentrationC0 is small, Eq.(2f) changes to
Eq.(3f), which expresses a pseudo-first-order reaction kinetic
regime.

ln

(
C0

C

)
= kL–HKadst = kt (3f)

yielding half-life, t1/2 (in min) is

t1/2 = 0.693

k
(4f)

where k is the pseudo-first-order reaction rate constant,
k=kL–H ×Kads in min−1. The photocatalytic degradation of
RL, 3BL and X6G dyes as a function of the irradiation time
was observed to follow an exponential decay like form as
depicted inFig. 12a. Besides, a plot of ln(C0/C) versus time
f lin-
e tion
f udo-
fi s for
t n
t ue to
d or is
o ctant
a

3

by
c
C us-
i
o the
f nds
t ma-
j the
a car-
b

Fig. 12. (a) The photocatalytic degradation of RL, 3BL and X6G as a func-
tion of the irradiation time. (b) Kinetic study of photocatalytic degradation
of three diazo dyes of RL, 3BL and X6G.

the “photo-Kolbe” reaction[14].

R–COO− + h+ → R + CO2 (1g)

The results presented inFig. 13 also showed that the pho-
tocatalytic process leads, apart from decolorization, to a
substantial decrease of the COD of solution for the whole

Fig. 13. COD values against UV-irradiation time of three diazo textile dyes
of RL, 3BL and X6G.
or the whole dyes in the optimized conditions was also
ar (Fig. 12b), suggesting that the photodegradation reac

ollows the pseudo-first-order reaction kinetics. The pse
rst-order reaction rate constant and half-life parameter
hree diazo dyes were listed inTable 1. Discrepancy betwee
he pseudo-first-order reaction rate constants may be d
ifferent photocatalytic degradation mechanisms and/
wing to a competition for degradation between the rea
nd the intermediate products.

.8. Mineralization studies of diazo dyes

The oxidative mineralization process was followed
hemical oxygen demand (COD) disappearance (Fig. 13).
OD was measured as a function of UV-irradiation time

ng standard acidic dichromate method[7]. The COD curve
f X6G has a sigma shape indicating that it is related to

ormation of final products. The inflection point correspo
o a reaction time of ca. 40 min, which is equal to the
or part of X6G disappearance. It could correspond to
romatic rings opening with the transient formation of
oxylic acids followed by the evolution of CO2 according to
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azo dyes. It is observed however that this decrease is much
slower for 3BL and RL dyes than the degradation of X6G
since the COD curve lags the dye concentration curve con-
siderably. This is due to the formation of smaller uncol-
ored products[19], during the degradation of 3BL and RL
dyes, which continue to contribute to the COD of the solu-
tion. To achieve complete degradation of the smaller organic
compounds, longer irradiation time is required; therefore, it
seemed that the complete mineralization occur for X6G dye
while for 3BL and RL dyes partial mineralization is take
place.

4. Conclusion

The progress of photocatalytic degradation of three diazo
dyes RL, 3BL and X6G was monitored by the changes in
substrate concentration of dyes by measuring the absorbance
with UV–visible spectrophotometer. Results indicate that the
photocatalytic degradation of three dyes in water on TiO2
photocatalyst are very different and depend on the concen-
tration of dye, oxygen flux, solution temperature, amount of
photocatalyst, UV-irradiation time, solution pH and inorganic
ions concentration. The difference was due to the difference
in physicochemical properties of three diazo dyes. In addi-
t
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