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ABSTRACT

The azo dyes are considered as one of the highest toxic compounds of water pollution.
Decolorization of these compounds has been carried out via photochemical methods (direct
UV photolysis and advanced oxidation processes abbreviated as AOPs) since they are
highly resistant to conventional treatment. In this study, direct UV photolysis (under 254,
365, 310 nm, and solar), acetone/UV (254 nm and acetone as a sensitizer), H2O2/UV,
S2O

2�
8 /UV, S2O

2�
8 /H2O2/UV and S2O

2�
8 /heat (absence of light), have been investigated in

lab-scale experiments for decolorization of Alizarin yellow (abbreviated as AY). From the
experimental results, it has been found that color removal followed the increasing order:
UV photolysis (negligible) < acetone/UV < S2O

2�
8 /heat < S2O

2�
8 /H2O2/UV < S2O

2�
8 /

UV < H2O2/UV. This improvement might be attributed strictly to radicals HO� in the case
of H2O2/UV, HO� and SO��

4 in the case of S2O
2�
8 /UV, and heat/S2O

2�
8 in absence of light.

The effects of parameters like concentrations of H2O2, S2O
2�
8 and acetone, and temperature

have been studied and the optimum operational conditions were found. In another part, the
UV–Vis spectral changes of AY during UV/H2O2 and UV/S2O

2�
8 treatments, showed that it

was easier to destroy the bonding linkage –N=N– and then the long chain C=C (bathochro-
mic system). Decolorization kinetic followed the pseudo-first-order for all systems.

Keywords: Alizarin yellow; UV; Solar irradiation; Photolysis; H2O2; S2O
2�
8 ; Advanced

oxidation processes; Temperature

1. Introduction

The discharge of effluents from the textile dyeing
and finishing industries in rivers is considered as an
important source of environmental contamination.
Indeed, the azo dyes are toxic [1], resistant to

biodegradation [2] due to their complex aromatic struc-
ture, and they can transform into carcinogenic com-
pounds [3–6]. Several approaches were undertaken in
order to reduce or to eliminate these hazardous sub-
stances: ions exchange [7,8], flocculation [9], coagulation
[10], adsorption on various supports [11], biological
treatment [12], etc. Unfortunately, most of these conven-
tional methods were ineffective, very expensive, and
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may often produce secondary pollution by the transfer
of the pollutants from one phase to another like adsorp-
tion [13]. Consequently, advanced oxidation processes
(abbreviated AOPs) are alternative and innovative
options for the treatment of the textile wastewater. They
can destroy or reduce to a very feeble level recalcitrant
substance [14]. The effectiveness of these AOPs is
related to the productions of very reactive species: the
hydroxyl radicals. Indeed, once produced from the pho-
tolysis of H2O2 at 254 nm and according to their high
oxidation potential (2.9 V; [15]), they may react rapidly
(with a high rate constant of 1010 M−1 s−1) and without
any specificity with a broad range of organic com-
pounds [16]. In addition, the bleaching process may
occur via radicals SO��

4 produced from photolysis of
S2O

2�
8 at 254 nm or from heat in absence of light.

Having a high oxidation potential (2.8 V), the SO��
4 can

oxidize many organic compounds but with more selec-
tivity compared to radicals HO� [15]. Similar studies
conducted by H2O2/UV and S2O

2�
8 /UV systems have

been related in the literature [17,18].
The aim of this research is to evaluate and to com-

pare the effectiveness of some photochemical systems
such as direct UV photolysis, UV/acetone (acetone
acting as photosensitizer), S2O

2�
8 /UV, H2O2/UV,

H2O2/S2O
2�
8 /UV, and S2O

2�
8 /heat (in absence of light)

on the depletion of an azo dye, Alizarin yellow. The
influence of H2O2 and S2O

2�
8 concentration, pH, con-

centration of AY, and temperature were investigated.
The optimal operational conditions were examined.
The UV–vis spectral changes of AY during H2O2/UV
and S2O

2�
8 /UV treatment processes will be examined.

2. Experimental

2.1. Materials

AY was furnished from Fluka chemical company
and was used as received. Hydrogen peroxide (H2O2

30%, Fluka), potassium persulfate (K2S2O8 99%,
Aldrich), and acetone (C3H6O d = 0.79, Labosi) solu-
tions were prepared with ultrapure water from a Milli
pure water (Milli-Q purification unit). The pH of the
solutions was adjusted with NaOH or HCl (supplied
both by Labosi) to attain desired values (pH 1.7, pH 2,
pH 11.5, and pH 12). The structure of AY took at
1.6 × 10−4 M and in its natural pH (5.6), is represented
in Fig. 1.

2.2. Description of the used photoreactors

Irradiation experiments were performed at 254 nm
in a cylindrical reactor in quartz (100 cm of length and
2 cm in diameter) located on one of the principal axes of

the assembly and equipped with three symmetrical
externals low-pressure mercury lamps (germicide lamp,
Philips TUV 15 W) emitting principally at 254 nm. The
reactor is surrounded symmetrically by these lamps.
The temperature is maintained between 18˚C and 20˚C
using an airflow provided by a ventilator. The whole
system is placed in a cylindrical enclosure [19].

In solar light, aqueous solutions of the dye are
degraded by direct photolysis and by H2O2/UV using
a pilot plant containing a reservoir delivery, a pump,
and an assembly of tubes on Pyrex. They are located
closely to each other toward natural light. Samples are
withdrawn at regular time intervals and analyzed
immediately [20] (Fig. 2).

2.3. Analyses

The UV–vis spectra of the dye were recorded from
200 to 800 nm using a UV–Vis spectrophotometer
“Helios α-Unicam Spectronic.” The maximum wave-
length absorbance (λmax) of AY was located at 428 nm
from the spectra. Thus, the residual concentration of
the dye in the reaction mixture at different reaction
times was calculated by measuring the absorption
intensity at λmax = 428 nm from a calibration curve.
The efficiency of color removal was expressed from
the following relation [21]:

Efficiency ð%Þ ¼ 1� Ct

C0

� �
� 100 (1)

where C0 is the initial concentration of AY and Ct is
the concentration of the substrate at reaction time t.

3. Results and discussion

3.1. UV–vis spectrum of AY

The UV–vis spectrum of AY in natural pH (5.6)
and in dilute concentration (1.6 × 10−4 M) shows that
this compound exhibits an intense band located

O-

O

N

OH

OH

N

N+

O

Fig. 1. Structure of Alizarin yellow.
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around 257 nm (UV region, with a molar absorption
coefficient equal to 19,537 M−1 cm−1) and a less intense
one at around 428 nm (visible region, with a molar
absorption coefficient equal to 3,735 M−1 cm−1).

The pH affected the behavior of the substrate,
mainly in basic medium (pH 12). Indeed, we observe
a color change of the solution (turning into red) and a
shift of the latter band (100 nm) involving thus a bath-
ochromic effect. This color change can be due to the
deprotonation process. Besides, we observe the appari-
tion of a new band at 334 nm related to the naph-
thalene ring. By contrast, we remark no change in
color and also in band positions in acidic medium
(pH ≤ 2) (Fig. 3).

3.2. UV direct photolysis (254 nm) of AY

3.2.1. Effect of the initial AY concentration

This process is applied to degrade AY in dilute
(1.6 × 10−4 M) and aerated medium. The photolysis is

carried out in a static tubular reactor under artificial UV
irradiation at 254 nm and monitored by a spectropho-
tometer. The obtained results show that this compound
does not undergo photolysis: 4.5% (1.6 × 10−4 M), 5.43%
(1.3 × 10−4 M), and 6.1% (9.7 × 10−5 M) (Fig. 4(a)). This
can be attributed to the molecule size present in the
solution, preventing the exposure of certain of them to
the photons and also to the absence of powerful oxi-
dants (like HO�) which may destroy the molecule [22].
This fact is also related to the very weak quantum yield
of the substrate (no absorption of light). Other experi-
ments are achieved under 310 and 365 nm in artificial
light. The obtained results indicate that the efficiency of
color removal is not significant too (Fig. 4(b)). This fact
can be attributed to the weakness of both the energy
sources. In solar light, same results are obtained due to
the weak participation of photons issued from this
source. Indeed, solar radiation reaching the surface of
the earth has a feeble energy (λ ≥ 380 nm, Fig. 4(b)).

3.3. Photo-oxidation process of AY

3.3.1. Sensitivity of AY in the presence of acetone,
H2O2, and S2O

2�
8 in the absence of light

Before studying the decolorization process of AY by
acetone/UV, H2O2/UV, and S2O

2�
8 /UV, it is necessary

to check if oxidation reaction may occur between the
substrate and the acetone, the hydrogen peroxide, and
the persulfate in dark conditions. The obtained results
show that AY is not sensitive toward H2O2, S2O

2�
8 , and

acetone for their highest concentration: 10−1 M.

3.4. Acetone/UV process

Previous studies conducted on photolysis at differ-
ent wavelengths (254, 365, and 310 nm even in solar

Fig. 2. Setup of pilot plant solar light: (a) the solar reactor and (b) scheme of the device.
Notes: (1) tube on Pyrex, (2) dye solution and H2O2 reservoir delivery, and (3) pump.
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Fig. 3. Spectrum of AY (1.6 × 10−4 M). Influence of pH.
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light) are ineffective. Thus, to enhance the color
removal of this dye, we used acetone as sensitizer in
the presence of artificial light (254 nm) [23]. Indeed,
when acetone is irradiated with UV light, it can lead
to a triplet state (acetone*) characterized by a high
energy: 79–82 kcal/mol. Thus, after excitation, a
collision between molecules of AY and the excited
state of acetone will generate an energy transfer, and
will accelerate the process of decolorization of the
substrate, mainly at the highest concentration of the
sensitizer [23,24]:

Acetone þ ht ! Acetone� (2)

Dyeþ Acetone� ! Dye� þ Acetone (3)

Dye� ! Decolorization (4)

According to Eq. (3), we notice an energy transfer and
a total regeneration of the acetone.

The entire elimination of the dye is explained by
Eq. (4) and reported in Fig. 5.

Kinetic results of AY with the different initial ace-
tone concentrations (10−1, 10−2, and 10−3 M) in the
presence of acetone/UV process are shown in
Fig. 6(a). We observe that:

(1) The presence of acetone acting as a sensitizer
increases the rate constant of decolorization.

(2) The removal efficiency (expressed in %)
increases as the concentration of acetone
increases.

Furthermore, the disappearance of the dye can be
described by a pseudo-first-order kinetics (Fig. 6(b)):

�dC

dt
¼ kappC (5)

The integration of this expression yields the following
result:

ln
C0

C

� �
¼ kt (6)

The slope of the plot of ln C0/C vs. time gives kapp
values which are deduced graphically under our
experimental conditions.

Under these conditions, the value of R2 which is
above 0.97, shows that color removal of AY using
acetone/UV process, follows the pseudo-first-order
kinetic model for concentrations of acetone equal to
10−2 and 10−1 M. The rate efficiency (expressed in %),
kapp, and values of R2 are listed in Table 1.

3.5. Photo-oxidation process by H2O2/UV

3.5.1. Effect of the concentration of H2O2 (artificial
light)

The direct photolysis under different wavelengths
and solar light is not significant. The same results are
obtained in the presence of H2O2 in the dark. How-
ever, when H2O2 is combined with UV irradiation,
mainly at 254 nm, we observe a drastic increase in
bleaching rate of the process. This effect is attributed
to the participation of radicals HO� produced from the
photolysis of H2O2 (breaking of the O–O bond). These
radicals are able to react with a broad range of organic
compounds with a rate constant: 1010 M−1 s−1 [12].
Moreover, the rate of degradation increases with
increasing concentration of H2O2 under some experi-
mental conditions: fixed concentration of AY
(1.6 × 10−4 M), various concentrations of H2O2 (10−3 M,
10−2 M, 2 × 10−2 M, and 10−1 M), and natural pH (4.9).
Indeed, the results reported in Fig. 7(a), show that the
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bleaching process is much reduced comparatively to
that obtained with acetone/UV: 99.17% for a reaction
time of 35 min for H2O2/UV and 92.31% for a reaction
time of 240 min for acetone/UV. However, for the
highest concentration of H2O2 (2 × 10−1 M), we
observe a slight decrease in the elimination rate of the
dye, suggesting a scavenger effect of H2O2 toward the
powerful hydroxyl radicals [25–28]:

H2O2 þ HO� ! HO�
2 þH2O kH2O2

¼ 2:7� 107 M�1 s�1

(7)

HO� þHO�
2 ! H2OþO2 (8)

3.5.2. Kinetic behavior

The decolorization process may be expressed by
the following relation [13]:

�dCAY

d
t ¼ k1CAYCHO� þ K2CAYCHO�

2
(9)

where CAY, CHO� , and CHO�
2
represent substrate, hydro-

xyl radical, and peroxyl radical concentrations, respec-
tively. Furthermore, we consider that hydroxyl and
peroxyl radicals are constant because they reach the
equilibrium state rapidly (process of steady state).
Additionally, the oxidation potential of HO�

2 is inferior
to that of HO� and then, it can be neglected. Therefore,
the expression rate of the above Eq. (9) may be
reduced to a simple kinetic model:

�dC

dt
¼ kappC (10)

The integration of Eq. (10) conducts to the final
expression:

ln
C0

C

� �
¼ kappt (11)

where C0 is the initial concentration of the substrate,
C the concentration at instant t, and kapp is the
pseudo-first-order kinetic constant. The apparent rate
constants of H2O2/UV process are deduced by plot-
ting ln(C0/C) vs. time. The straight lines obtained
confirm the reasonable choice of the pseudo-first-
order kinetic model (Fig. 7(b)). One observes that
only the curves corresponding to the concentration of
H2O2 equal to 2 × 10−1 and 10−1 M have a pseudo-
exponential shape (insert in Fig. 7(a)); corresponding
to the pseudo-first-order kinetic behavior (R2 > 0.96).
However, we notice that for the highest concentration
in H2O2, the rate constant decreases. This observation
can be attributed to the scavenging effect of HO�. All
parameters describing the process such as efficiency,
R2, and apparent rate constant are summarized in
Table 2.
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Fig. 5. Absorption spectrum at the end of the degradation
reaction of AY (1.6 × 10−4 M) by acetone (10−1 M)/UV pro-
cess. Irradiation time = 120 min.
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3.5.3. Spectral evolution of AY by H2O2/UV

The changes in the absorption spectra of the AY
during the H2O2/UV process at different reaction
times are displayed in Fig. 8. We notice that peaks
located at 257 nm in the UV region (ascribed essen-
tially to the absorption of the π–π* transition of aro-
matic ring) and at 428 nm in the visible region
(ascribed to the absorption of the n–π* transition and
related to the lone pair of electrons belonging to the –
N=N– and C=O groups) disappeared in 180, 40, and
30 min for H2O2 concentrations equal to 10−3, 10−2,
and 10−1 M, respectively. However, the UV band at
257 nm decreases at lower rate comparatively to the
visible band, showing thereby the destruction of
aromatic ring which is often difficult to destroy. We

may conclude that the bleaching process is attributed
to the attack of the azo group with an opening of the
–N=N– bond by radical HO� followed by the entire
destruction of the π conjugated system [29].

3.5.4. H2O2/UV in solar light

The results reported in Fig. 9 show that the rate of
decolorization in solar light was much lower than the
one obtained in artificial light. This fact might be
explained by a negligible production of radicals HO�.
Indeed, the minor inclusion of the UV in natural light
(almost 5%, at 290 nm) provides a very feeble energy
to break the O–O bond. So, the energy obtained at
380 nm, which is the solar radiation reaching the

Table 1
Values of pseudo-first-order kinetics constants (kapp), rate percent (obtained for a reaction time of 240 min), and R2 of dye
degradation by acetone/UV process at 254 nm

C0

(M)
Rate
(%) R2

Apparent rate constants
(min−1)

10−3 25.86 – –
10−2 41.60 0.97353 2.42 × 10−3

10−1 92.31 0.99378 7.99 × 10−3
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Fig. 7. Decolorization process of AY (1.6 × 10−4 M) by H2O2/UV: (a) Effect of H2O2 concentration and (b) first-order plot
of color degradation of AY solutions as a function of UV irradiation time: pH 4.9, λirr = 254 nm.

Table 2
Values of pseudo-first-order kinetics constants (kapp), rate percent (for a reaction time of 30–40 min), and R2 of dye
degradation by H2O2/UV process at 254 nm

C0 (M)
Rate
(%) R2

Apparent rate constants
(min−1)

10−3 13.02 – –
10−2 97.68 – –
10−1 99.17 0.98595 0.13775
2 × 10−1 98 0.96467 0.08304
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surface of the earth, is not able to produce a large
amount of these radicals HO�.

Nevertheless, a slow decolorization process is
observed beyond 50 min during the dye exposure to
the solar light. Accordingly, the rate efficiency is equal
to 68% for a reaction time of 240 min.

3.6. Phototransformation of AY by S2O
2�
8 /UV process at

254 nm

3.6.1. S2O
2�
8 /UV process

Persulfate is a powerful oxidant (E0 = 2.1 eV) and
is relatively stable during storing and treatment [30],
and can generate free sulfate radicals (SO��

4 ) under
activation condition of heating [31–34] or UV light
[14,21,35,36].

The obtained radical represents a broad absorption
band between 300 and 600 nm with a maximum at
455 nm and a molar absorption coefficient of about
1,600 M−1 cm−1 [37].

Like hydrogen peroxide, the absorption of photons
by S2O

2�
8 causes the rupture of the peroxide bond to

give birth to two sulfate radical anions:

S2O
2�
8 þ ht ! 2SO��

4 (12)

The radical anion is a powerful oxidant; and is there-
fore capable of oxidizing most organic compounds. It
may also remove an electron from a molecule in H2O
to give a hydroxyl radical:

SO��
4 þH2O ! HSO�

4 þHO� (13)

From these relationships, it is clear that radicals SO��
4

and HO� participate in the oxidation process of the
substrate.

3.6.2. Effect of initial S2O
2�
8 concentration

The effect of initial persulfate concentration on
photo-oxidation of AY at natural pH (5) is reported in
Fig. 10(a). We observe that the efficiency increases as
the initial concentration in S2O

2�
8 is increased. The

removal rate is practically equal to 100% for a reaction
time of 40 min under UV-254 nm/S2O

2�
8 process and

with the highest concentration of persulfate (10−1 M).
This performance may be attributed to the complete
reaction of SO��

4 . However, a probable contribution of
radicals HO� may occur according to (Eq. 13) and
making thus the decolorization process more rapid.
By contrast, when concentration in S2O

2�
8 is equal to
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10−3 M (the lowest one), efficiency value was found
feeble: about 30% for a reaction time of 150 min.

Moreover, the decolorization of AY by S2O
2�
8 /UV

follows a pseudo-first-order kinetic model for the con-
centration in S2O

2�
8 equal to 10−1 and 10−2 M:

ln
C0

C

� �
¼ kt (14)

We notice that the k values increased as the concentra-
tion of S2O

2�
8 increases (Fig. 10(b)). Thus, slope of plot

of ln C0/C vs. time, which gives these k values with a
correlation coefficient R2 above 0.96, confirms that this
degradation is well described by pseudo-first-order
kinetic model (Table 3).

As with H2O2/UV, the spectral evolution obtained
in S2O

2�
8 /UV system shows that decolorization pro-

cess is characterized by a rapid destruction of bands
in the visible (n–π* transitions related also to the lone
pair of electrons belonging to the C=O and –N=N–

groups of the dye) and in the ultraviolet region (π–π*
transitions of the benzene rings) (Fig. 11).

3.6.3. Effect of the initial pH

The pH effect on the decolorization of AY by
S2O

2�
8 /UV is depicted in Fig. 12. We find that the

decolorization performance increases with the aug-
mentation of pH. This is likely due to the concentra-
tion effect of active radicals in the solution. Moreover,
in acidic medium (pH 2), this process is slightly
slower than that obtained at natural pH. This is due
to the less reactivity of sulfate radical toward the dye.
At pH 12, the decrease in dye concentration (data not
shown) cannot be related only to the production of
HO� (Eq. (15)) as the dye structure changes (Fig. 3):

SO��
4 þOH� ! SO2�

4 þHO� (15)

Consequently, it is not possible to make a comparison
with the results obtained in acidic and in neutral media.

3.7. S2O
2�
8 /H2O2/UV process

A set of experiments are achieved to investigate
the decolorization of the substrate by S2O

2�
8 /H2O2/

UV system. Indeed, simultaneous addition of S2O
2�
8

and H2O2, both taken at same concentrations (10−2 M)
and under UV irradiation (254 nm), gives a slight
decrease in the dye comparatively to that obtained
with H2O2/UV and S2O

2�
8 /UV separately (Fig. 13).

The percentages of degradation by H2O2/UV,
S2O

2�
8 /UV, and S2O

2�
8 /H2O2/UV are, respectively,

97.68, 81.37, and 60% for a reaction time of 40 min.
This feature may be explained, in one part by a com-
petition of the emitted light between H2O2 and S2O

2�
8

0 50 100 150 200 250
0.0

0.2

0.4

0.6

0.8

1.0

C
 / 

C 0

Time (min)

H
2
O

2
/ UV (254 nm)

H
2
O

2
/ Solar

Fig. 9. Effect of light on the docolorization process of AY
(1.6 × 10−4 M) in presence of H2O2 (10−2 M)/UV at 254 nm
and H2O2 (10
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which may slow down the production of the two radi-
cals and in another part by a difference of reactivity of
HO� (occurring without discrimination) and SO��

4

(occurring with a great selectivity).

3.8. S2O
2�
8 /heat

3.8.1. Effect of the temperature on the decolorization
process of AY by S2O

2�
8 /heat

It is possible to produce sulfate radical anions in
absence of light and using the temperature [18]. This

method has been widely studied and has been consid-
ered to be very effective [23]. This feature is based on
the cleavage of O–O bond to produce SO��

4 at rela-
tively high temperature:

S

O

O

O-O O S

O

O

O- 2SO4

(16)

By referring to Fig. 14, we observe that the reaction
rate of SO��

4 with the substrate was negligible at an
ambient temperature (20˚C) and also at 30˚C. Thus,
this result can be attributed to the uncatalyzed decom-
position reaction of persulfate, revealing therefore a
non-cleavage of the O–O bond. By contrast, when
persulfate is heated at 40˚C, the substrate is first
decolorized at about 60% for a reaction time of
180 min. Furthermore, the efficiency rate reaches 100%
at 50 and 60˚C for reaction time of 160 and 110 min,
respectively.

Once sulfate radicals are produced by heat, they
may react with the dye via a series of radical chain
reactions, showing thus, the bleaching process of the
dye (Eqs. (17)–(25)) [37,38]:

S2O
2�
8 �!Heat

2SO��
4 (17)

SO��
4 þH2O , HO� þHSO�

4 k ¼ 9:4� 103 s�1 (18)

SO��
4 þDye ! Dye� þ Products (19)

HO� þDye ! Dye� þ Products (20)

Dye� þ S2O
2�
8 ! SO��

4 þ Products (21)

SO��
4 þHO� ! Chain termination (22)

2HO� ! Chain termination k ¼ 5� 109 M�1 s�1

(23)

Table 3
Values of pseudo-first-order kinetics constants (kapp), rate percent (for a reaction time of 40 min), and R2 of dye degrada-
tion by S2O

2�
8 /UV process at 254 nm

C0

(M)
Rate
(%) R2

Apparent rate constants
(min−1)

10−3 10.31 – –
10−2 81.37 0.98990 5.07 × 10−3

10−1 98.76 0.96079 17.24 × 10−3
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Fig. 11. Spectral evolution of AY (1.6 × 10−4 M) by S2O
2�
8

(10−2 M)/UV.
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Fig. 12. Effect of initial pH on the decolorization of AY
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2SO��
4 ! Chain termination k ¼ 3:2� 108 M�1 s�1

(24)

DyeþHO�=SO��
4 ! Intermediaries ! Mineralization

(25)

4. Conclusion

This work illustrates the performance and the com-
parison of different systems to eliminate AY
(1.6 × 10−4 M) from an aqueous and homogeneous med-
ium. Experiments conducted on one side by direct UV
photolysis at various wavelengths and in solar light
and on the other side by acetone/UV, H2O2/UV,
S2O

2�
8 /UV, S2O

2�
8 /H2O2/UV, and S2O

2�
8 /heat (absence

of light) are achieved. Moreover, the bleaching rates of

AY are determined according to the optimum condi-
tions as concentrations of hydrogen peroxide, persulfate
and acetone, and pH and temperature. In direct UV
photolysis, the obtained results show that AY presents
a negligible decolorization rate for the used concentra-
tion and at the following wavelengths: 310, 254, and
365 nm. The reason is the non-absorbance of light by
AY. Similar results are obtained in solar light too. By
contrast, a real improvement in the decolorization pro-
cess is observed in presence of the systems listed above.
Indeed, from the experimental results, it is found that
the color removal rates follow the ascending order for a
reaction time of 40 min: UV (artificial and solar light):
negligible < H2O2/UV (solar light: only 8%) < acetone/
UV (10−2 M, 17%) < heat/S2O

2�
8 (10−2 M, 53.65%)

< S2O
2�
8 /H2O2/UV (10−2 M, and 60%) < S2O

2�
8 /UV

(10−2 M, 81.37%) < H2O2/UV (10−2 M, 97.68%). How-
ever, before any treatment, no sensitivity is detected
when AY is mixed separately with H2O2, S2O

2�
8 and

acetone for the used concentration. Additionally, in
S2O

2�
8 /UV, when pH is acidic, the major radical is SO��

4

leading to a slight decrease in the decolorization pro-
cess. Concerning the system S2O

2�
8 /H2O2/UV, we

observed that the efficiency decreased slightly. In
another side, it should be mentioned that in the absence
of light, persulfate is activated at elevated temperatures
to produce the radical SO��

4 , giving a rapid decoloriza-
tion of the substrate for the highest temperature and for
a reaction time of 100 min. For some concentrations, the
depletion of AY is best represented by a pseudo-first-
order kinetics for acetone/UV, H2O2/UV, and
S2O

2�
8 /UV.
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