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Abstract

Acid Red 14 (AR14), commonly used as a textile dye, could be photocatalytically degraded usisg3p@nsions irradiated by a UV-C
lamp (30 W). The experiments showed that Ti@hd UV light had a negligible effect when they were used on their own. The semi-log
plot of dye concentration versus time was linear, suggesting first order reaktienl(41 x 10-2 min~1). The effects of some parameters
such as pH, the amount of Ty@nd initial dye concentration were also examined.

The photodegradation of AR14 was enhanced by the addition of proper amount of hydrogen peroxide, but it was inhibited by ethanol.
From the inhibitive effect of ethanol it was deducted that hydroxyl radicals played a significant role in the photodegradation of dye, but
a direct oxidation by positive holes was probably not negligible. Accordingly, it could be stated that the complete removal of color, after
selecting optimal operational parameters could be achieved in a relatively short time, about 3.5 h.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction a new and different kind of pollution is faced and further
treatments are deemed necesgén3].

Dye pollutants from the textile industry are an important ~ In recent years an alternative to conventional methods,
source of environmental contamination. Indeed, these efflu-is “Advanced Oxidation Processes” (AOPs), based on the
ents are toxic and mostly nonbiodegradable and also resis-generation of very reactive species such as hydroxyl radicals
tant to destruction by physico-chemical treatment methods. that quickly and nonselectively, oxidizes a broad range of
Removing color from wastes is often more important than organic pollutant$9,10].
other colorless organic substances, because the presence of The aim of the present work is to investigate the influ-
small amounts of dyes (below 1 ppm) is clearly visible and ence of various parameters on photocatalytic decomposition
influences the water environment considerdhly4]. of an azo dye, called Acid Red 14 (AR14jig. 1), in the

Therefore, it is necessary to find an effective method of presence of Ti@ irradiated by the UV-C light. The effect
wastewater treatment in order to remove color from textile of the addition of HO, was also studied for enhancing the
effluents. Various chemical and physical processes, such aglimination of azo dye. The inhibitive influence of ethanol,
chemical precipitation and separation of pollutants, elec- commonly used to quench hydroxyl radicals, provides infor-
trocoagulation[5], elimination by adsorption on activated mation about the mechanisms and reactive species involved
carbon etc., are currently used. One difficulty with these in the reaction.
methods is that they are not destructive but only transfer
the contamination from one phase to another, therefore,

2. Experimental
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OH is given byEq. (1)
Q=€ @

X =
NaO3S O N=] CO
whereCq = initial concentration of AR14¢ = concentration
O of AR14 at timet.

Fig. 1. Structure of Acid Red 14 (C.I. no. 14720).

SO3Na o
3. Results and discussion

3.1. UV-Vis spectra changes
was used as received. The azo dye, Acid Red 14 (AR14), was _ _ _
obtained from Rang Azar company (Iran) and used without ~ The changes in the absorption spectra of AR14 solution

further purification. Its structure is given Fig. 1 during the photocatalytic process at different irradiation
times are shown in th&ig. 3. The spectrum of AR14 in

the visible region exhibits a main band with a maximum
at 515nm. The decrease of absorption peaks of AR14 at
Amax = 515nm in this figure indicates a rapid degradation
of azo dye. The decrease is also meaningful with respect
to the nitrogen to nitrogen double bond =N-) of the

azo dye, as the most active site for oxidative attack. Com-
plete discolouration of dye was observed after 3.5h in the
2.3. Procedures optimized conditions.

2.2. Photoreactor and light source

As for UV/ITiO, process, irradiation was performed in a
batch photoreactor of 500 ml in volume with a mercury lamp
Philips 30 W (UV-C).

For the photodegradation of AR14, a solution containing 3.2. Effect of UV irradiation and TiO, particles
known concentration of dye and TiQwas prepared and
it was allowed to equilibrate for 30 min in the darkness,  Fig. 4 shows the effect of UV irradiation and Ti(parti-
then 50 ml of the prepared suspension was transferred to acles on photodegradation of AR14. It can be seen from the
500 ml pyrex reactor. Having adjusted the suspension pH figure that in the presence of both Ti@nd light, 88.0% of
values at the desired level using dilute NaOH andb6y, dye was degraded at the irradiation time of 2.5 h. This was
we measured the pH values by pH meter (Philips PW 9422). contrasted with 14.0% degradation for the same experiment
Then, the lamp was switched on to initiate the reaction. performed in the absence of TiCand the negligible 0.20%
During irradiation, agitation was maintained to keep the when the UV lamp had been switched off and the reaction
suspension homogenous, and the suspension was sampleglas allowed to occur in the darkness. These experiments
after an appropriate illumination time. The concentration demonstrated that both UV light and a photocatalyst, such
of dye in each degraded sample was determined by a specas TiQ, were needed for the effective destruction of AR14.
trophotometer (UV-Vis Spectrophotometer Perkin—Elmer This is due to the fact that when TiQs illuminated with
55 OSE) at\max = 515 nm and a calibration curv&if. 2). the light of A < 390 nm, electrons are promoted from the
By this method conversion percent of AR14 can be obtained valence band to the conduction band of the semiconducting
in different intervals. The photodegradation efficiend§ ( oxide to give electron-hole pairs. The valence bar{gs)h
potential is positive enough to generate hydroxyl radicals
o5 at the surface and the conduction bangglepotential is

negative enough to reduce molecular oxygen. The hydroxyl
y=0.0287x + 0.0235 S o .
5| R2 = 0.9991 radical is a powerful oxidizing agent and attacks organic
pollutants present at or near the surface of Jlil causes
[] . . . .
e .51 photooxidation of pollutants according to the following
8 reactions Eq. (2)—(7) [11-13]
g L TiO2 + hv(x < 390 nm) — TiO(e5g + hig) )
<
05 | hig + H2Oads — H' + *OH(ads (3)
h{g + OH gg = *OHads (4)
0 L L 1 L L L 1 L
0O 10 20 30 40 50 60 70 80 90 €cs T O2ias = *Oxadg ()
[AR14](ppm) *OHadg + dye — degradation of the dye (6)
Fig. 2. Calibration curve in wavelength 515nm. h\J/FB + dye_’ dye’+ — oxidation of the dye (7)
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Fig. 3. UV-Vis spectra changes of AR14 (20 ppm) in aqueous; Td@persion (TiQ 40 ppm) irradiated with a mercury lamp light at pH neutral, at

times: (1) zero (2) 0.5h (3) 1.5h (4) 3.5h.
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Fig. 4. Effect of UV light and TiQ on photocatalytic degradation of
AR14. [AR14} = 20 ppm, TiQ = 40 ppm, pH neutral.

3.3. Effect of the amount of photocatalyst

The effect of the amount of TiPon the AR14 removal
was studied as shown figs. 5 and 6 The photodegrada-
tion efficiency increases with an increase in the amount of
photocatalyst, reaches the higher value of catalyst amount
(40 ppm) and then decreases. The most effective decom-
position of AR14 was observed with 40 ppm of TiOrhe
reason of this observation is thought to be the fact that
when all dye molecules are adsorbed on Jife addition
of higher quantities of Ti@ would have no effect on the
degradation efficiency. Another cause for this is supposedly
an increased opacity of the suspension, brought about as a
result of excess of Ti@particles[14].

3.4. Effect of initial AR14 concentration

The effect of initial AR14 concentration on photodegra-
dation efficiency is shown ifrig. 7. It was observed that
the photodegradation conversion of AR14 decreases with
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Fig. 5. Effect of the amount of Ti©on photodegradation efficiency of

AR14. [AR14], = 20 ppm, pH neutral.
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Fig. 6. Effect of the amount of Ti©@on photodegradation efficiency of
AR14 at irradiation time of 2.5h. [AR14]= 20 ppm, pH neutral.
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Fig. 7. Effect of initial AR14 concentration on photodegradation efficiency.

TiO2 = 40 ppm, pH neutral.
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Fig. 8. Effect of pH on photodegradation efficiency of AR14 at the
irradiation time of 2h. [AR14] = 20 ppm, TiQ = 40 ppm.

an increase in the initial concentration of AR14. The pre-
sumed reason is that when the initial concentration of dye
is increased, more and more dye molecules are adsorbed on
the surface of TiQ@. The large amount of adsorbed dye is
thought to have an inhibitive effect on the reaction of dye
molecules with photogenerated holes or hydroxyl radicals,
because of the lack of any direct contact between them. Once
the concentration of dye is increased, it also causes the dye
molecules to adsorb light and the photons never reach the
photocatalyst surface, thus the photodegradation efficiency
decreases.

3.5. Effect of pH

According to the authoritiegl5,16], pH value is one of
the factors influencing the rate of degradation of some or-
ganic compounds in the photocatalytic process. It is also
an important operational variable in actual wastewater treat-
ment. Fig. 8 demonstrates the photodegradation of AR14
at different pH from 2 to 12, which clearly shows that the
best results were obtained in acidic solution, @2, X =
100%). According to the zero point of charge of 3iGts
surface is presumably positively charged in acidic solution
and negatively charged in alkaline solutifit7,18] Since
the dye has a sulfuric group in its structure, which is nega-
tively charged, the acidic solution favors adsorption of dye
onto photocatalyst surface, thus the photodegradation effi-
ciency increases. There is also the photocatalytic degrada-
tion of AR14 in acidic solutions, which is probably due to
the formation of OM as it can be inferred from the follow-
ing reactions Egs. (8)—(11) [19].

€r T OZ(ads — .Og(ads (8)
*Oads + Ht — HO,* 9)
2HO,* — Oy 4+ HoOo (20)

H202 + *Op 544 — "OH+OH™ + O (11)
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Fig. 9. Relationship between log[AR14] and irradiation time on photo- Irradiation time(h)
catalytic degradation of AR14. [AR14}= 20 ppm, TiQ = 40 ppm, pH
neutral. Fig. 10. Inhibition of photodegradetion of AR14 (20 ppm) by ethanol.

Because the difference between the degree of photodegral'©2 = 40ppm. pH neutral.

dation of AR14 in acidic solution (pH= 2) and neutral )

(pH = 7) amounts to only 19%, the following experiments tions, the results of which are givenfig. 12 The degrada-
were carried out with neutral pH. It is the natural reaction of tion rate of AR14 increased with increasing® concen-
AR14 solution and does not require addition of extra agent ration up to 10 mmol/l, but above it, there was a decrease in

(H2SOy) to regulate the pH of the solution. the degradation rate. Similar results have been reported for
photocatalytic oxidation of polyvinyl alcohdlL9], phenyl
3.6. Kinetics of photcatalytic degradation of AR14 azonaphto[7] and cationic azo dyg21].

The higher reaction rates after the addition of peroxide
were attributed to the increase in the concentration of hy-
droxyl radical. At low concentration of hydrogen peroxide,
it inhibits the electron—hole recombination, according to
Eqg. (12)and it could act as an alternative electron accep-
tor to oxygen Eg. (13), because hydrogen peroxide is a
better electron acceptor than molecular oxydean]. Hy-

3.7. Addition of ethanol drogen pero>_<ide may also be _split .photolytica!ly to produce
hydroxy! radical directly, as cited in the studies of homo-

Alcohols such as ethanol are commonly used to quench geneous photooxidation using UV/8 (Eq. (14) [22].

hydroxyl radicals. The rate constant of reaction between hy- TiO2(e™) + H2O2 — TiO2 + OH™ + *OH (12)
droxyl radical and ethanol is. x 10° M~1s~1 [20]. As it
was observed in the experiments, small amounts of ethanol
inhibited the photocatalytic degradation of ARIHEd. 10).
This may enable us to draw the conclusion that hydroxyl rad-
icals play a major role in photocatalytic oxidation. It should
be noted that the photodegradation efficiency decreases with 0.8
an increase in the amount of ethanol, to be more exact, with
0.02% (v/v) of ethanol the photodegradation efficiency de- 0.6
creases to 12.40% at the irradiation time of 2 h, butit does not x
come to a full stop and remains constant at a minor amount
(Fig. 11). Thus, hydroxyl radicals are not sole cause of degra-
dation. There must be another species involved which does
not react with alcohols. The species is most probably the
positive holes ((jB) formed on the irradiated photocatalyst,
which react with the adsorbed dygd. (7). 0 — e

0 0.005 001 0015 002 0025  0.03

3.8. Addition of hydrogen peroxide Ethanol %

The plot log[dye] versus irradiation time for AR14 was
linear suggesting that the photodegradation reaction approx-
imately follows the first order kinetic$-(g. 9). Rate constant
(K = 1.41 x 10~?min—1) was estimated from the slope of
the log[dye] versus time plot in the optimized conditions.

*0, + Hy0p — OH™ + *OH + O, (13)

) ) . Fig. 11. Inhibitory effect of ethanol on photodegradation efficiency of
The photocatalytic degradation of AR14 was at focus in aRr14 at the irradiation time of 2 h. [AR1¢}= 20 ppm, TiG = 40 ppm,

our experiment at different hydrogen peroxide concentra- pH neutral.
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Fig. 12. Effect of BO, addition on photodegradation efficiency of AR14
in UV/TiO process. [AR14] = 20 ppm, TiQ = 40 ppm, pH neutral.

H,0, + hv — 2°OH (14)

But at high concentration, ¥, is a powerful OH scav-
enger[7,23]. The experiments showed thggs. (15) and
(16) became predominant above 10 mma¥ig. 12).

H-O2 + *OH — HO,* + H2O (15)

HO,* + °*OH — H,O + Oy (16)

Therefore, the proper addition of hydrogen peroxide could
accelerate the photodegradation rate of AR14. However, in
order to keep the efficiency of the added hydrogen perox-

N. Daneshvar et al./Journal of Photochemistry and Photobiology A: Chemistry 157 (2003) 111-116

From the inhibitive effect of ethanol, it was concluded
that hydroxyl radicals were the main reactive species, but
probably positive holes were also involved. The addition of
proper amount of hydrogen peroxide could improve the pho-
todegradation rate. However, at high concentratiopQH
would quench the hydroxyl radicals.
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