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bstract

Oxidation of acidic dye Eosin Y has been investigated with Fenton process and photo-Fenton process (solar light or artificial light source). With
V–Fenton process and Fenton, 42.5% and 21.3% of dye could be removed from the water, respectively. However, 94.1% of dye was removed

n solar-Fenton in 90 min. Based on solar-Fenton process, the effect of pH value and the concentration of dye, Fe2+, H2O2 as well as oxalic acid
oncentration on Eosin Y degradation efficiency were investigated. In 60 min, 96% of Eosin Y was degraded when the pH value was 3.5 and the
oncentration of Fe2+, H O and oxalic acid was 10 mol/L, 600 mg/L and 300 mg/L, respectively. The Eosin Y degradation was dependent on the
2 2

ye concentration. That is higher Eosin Y concentration resulted in lower degradation efficiency. Under the conditions of pH 3.5, the Eosin Y
pparent kinetics equation was −dC/dt = 0.000249[Eosin Y]0.78[Fe2+]1.14[H2O2]1.26. Meanwhile, this research also proved that oxalic acid could
mprove the photocatalytic efficiency in the solar-Fenton process.

2007 Elsevier B.V. All rights reserved.
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calculated. The sensor was always set in the position of maxi-
mum intensity. The intensity of solar light was measured using
TES-1332A Digital illuminance meter (Fig. 1). It was nearly
constant during the experiments. In UV–Fenton process, all

Table 1
Characteristics of Eosin Y

Name λ (nm) Molecular
weight (g/mol)

Chemical structure

Eosin Y 515 560.0
58 H. Zheng et al. / Journal of Haza

. Introduction

Eosin Y, a heterocyclic dye containing bromine atoms, is
sed in the fields of dyeing, printing, leather, printing ink and
uorescent pigment, etc. The direct release of wastewater con-

aining Eosin Y will cause serious environmental problem due
o its dark color and toxicity [1]. Traditional techniques, such as
oagulation/flocculation, membrane separation (ultrafiltration,
everse osmosis) or absorption of activation carbon, are only
ased on a phase transfer of the pollutant. Biological methods
re also ineffective to decolorization of Eosin Y for its stabil-
ty and complex aromatic structure [2–5]. Recently, advanced
xidation processes (AOPs) were developed to oxidize organic
ompound into CO2, H2O and inorganic ions, or biodegradable
ompounds [6]. These methods are environmentally friendly.
herefore, AOPs are considered as promising treatment methods

o wastewater.
Among AOPs, homogeneous Fenton reaction, the Fe2+/H2O2

ystem, is one of the most important processes to generate •OH
adicals [7]. This reaction is easy and no sludge generation. Thus,
t has been widely used to degrade pollutants [8,9]. Hydroxyl
adical is a powerful oxidant that can rapidly and non-selectively
xidize organic contaminants into carbon dioxide and water
10,11], so it is able to degrade pollutants effectively [12–14].
hoto-Fenton is another effective method to degrade pollution.
u reported that dyes decolorization could be accelerated by the

ombination of UV and Fenton’s process because it produced
OH radical directly (Eqs. (1–3)) [15].

2O2 + hν → 2•OH (1)

OH + dye → dyeintermediate (2)

OH + dyeintermediate → CO2 + H2O

+ mineralisationproducts (3)

UV is the most commonly employed light source in photo-
ssisted oxidation processes, but the cost is high to generate
V for artificial light. Therefore, sunlight is considered as eco-
omical light source. However, H2O2 has low molar extinction
oefficient and partly absorbs UV above 320 nm, so photo-
enton process can only use photons of wavelength up to
00 nm, which only represent minority of total solar radiation
16]. Ferrioxalate was found to be able to expand the usage of
olar spectrum range in solar-Fenton process, which resulting
n the oxidation efficiency improvement of organic contami-
ants [17,18]. Ferrioxalate has been widely used as a chemical
ctinometer for decades. In recent years, it was also applied in
he degradation of contaminants [6,18,19]. Arslan et al. [19]
eported that decolorization of the ferrioxalate-photo-Fenton
rocess was three times faster than the photocatalytic process.
ogueira et al. [6] also found that the degradation of DCA and

he herbicides diuron and tebuthiuron is most efficient when fer-

ioxalate was used. Despite of the ferrioxalate beneficial effect
n photo-Fenton process, the addition of oxalate has been con-
idered as disadvantageous due to the increase of carbon load in
he system. However, due to the complete conversion of oxalate
Materials 141 (2007) 457–464

o CO2 no net increase of carbon is expected [6]. Hence, fer-
ioxalate is expected to play important role in degradation of
ontaminants in photo-Fenton process.

Eosin Y is used in the dyeing industries because of its vivid
olor. The effective treatment of this effluent is eco-friendly to
queous environment. But there is no report on the degradation
f this dye which using Fenton or (and) photo-Fenton processes
p to now. In practical use of these processes in wastewater
reatment, there is a need to determine the optimal experimental
arameters for color removal. Here, we investigated the influ-
nces of various factors (pH, H2O2 and Fe2+ dosage, dye and
xalic acid concentration) on the Eosin Y degradation based on
olar-Fenton process. Furthermore, we compared the effect of
ight sources on the Eosin Y decolorization by Fenton process
nd photo-Fenton process (solar light or artificial light source).
he degradation of Eosin Y in a Fe2+/C2O4

2−/H2O2 system was
lso examined to reveal some details on interaction of Eosin Y
ith Fe2+.

. Experimental

.1. Materials

Eosin Y was purchased from the Third Reagent Ltd., Shang-
ai, PR China. Its chemical characteristic is illustrated in Table 1.
2O2 (30% w/w), FeSO4·7H2O, Na2SO3 and H2C2O4 were

lso from the Third Reagent Ltd., Shanghai, PR China. All
olutions were prepared with distilled water. The pH of the
ye solution was adjusted with HCl (0.1 mol/L) or NaOH
0.1 mol/L).

.2. Irradiation experiments

In solar-Fenton process, all photocatalytic experiments were
arried out under similar conditions on July or August sunny
ays between 11 a.m. and 16 p.m. in Chongqing, China. Solar
rradiation was carried out under the open-air condition. Solar
ight intensity was measured for every 60 min and the aver-
ge light intensity over the duration of each experiment was
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photolysis of hydrogen peroxide (Eq. (1)) and photoreduction
ig. 1. Change of solar light intensity with time in Chongqing (between 11 a.m.
nd 16 p.m. on July or August sunny days).

xperiments were conducted using 500 mL of reaction solution
n 600 mL Pyrex Erlenmeyer flask reactors open to atmosphere.
he reactor was inserted into a chamber equipped with a 450 W
igh-pressure mercury lamp (365 nm). Its light intensity was
.61 × 104 lx. UV–Fenton process and Fenton process were per-
ormed in thermostat water bath of 45 ◦C. The reaction time was
ecorded when the UV lamp was turned on.

.3. Analysis

Fe2+/H2O2/Eosin Y solution with different concentration was
reshly prepared with FeSO4·7H2O, H2O2 and dye stock solu-
ion. The initial pH of the dye solutions was adjusted to 5.0
ith 0.1 mol/L HCl or NaOH. During periodic intervals, sam-
les of reacting dye solution were withdrawn, and analyzed
n a UV–vis scanning spectrum 200–800 nm, using a UV/Vis
pectrophotometer, Model GBC Cintra 10e, manufactured by
ustralia. Na2SO3 solution was used to quench the oxidation
f Fenton reaction before the spectrophotometer analyzed. Ini-
ial COD (before oxidation) and the COD after one hour of
xidation were measured according to an EPA approved reac-
or digestion method (for a COD range of 0–1500 mg/L) using
ACH DR2000. Concentration of dye solution at different times

ere obtained by surveying the absorbance at maximum wave-

ength (λmax = 515 nm) and computing from calibration curve
Fig. 2).

Fig. 2. Standard work curve of Eosin Y at wavelength of 515 nm.
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Dye decolorization was analyzed as follows:

ye decolorization (%) = 1 − Cdye,t

Cdye,0
× 100

here Cdye,t and Cdye,0 are the concentrations of dye at reaction
ime t and 0, respectively. Toxicity tests were carried out using
abbage seed germination.

. Results and discussion

.1. Effect of different light source

The purpose of the experiment was to investigate the effect of
ight sources on the Eosin Y decolorization by Fenton process
nd photo-Fenton process (solar light or artificial light source).
ig. 3 showed that color removal was 21.3% in Fenton and 95.3%
r 50% in photo-Fenton process (solar light or artificial light
ource) at 120 min. This indicated that photo-Fenton process is
ore efficient than Fenton process. This result was consistent
ith as previously described [1,20]. However, lower decoloriza-

ion rate in Fenton shared much lower similarity with as reported
reviously [11,21]. This may be due to the elimination of adja-
ent aromatic ring structure is much more difficult than that of

N bonds. As [22] pointed out, •OH radicals can react with
ost organic compounds by hydrogen abstraction or addition to

ouble bonds. Thus, in case of Eosin Y, •OH radicals destruct
he long conjugated � systems, and consequently causing decol-
rization. The high efficiency of photo-Fenton process is due to
he production of more hydroxyl radicals than the Fenton pro-
ess. The generation of hydroxyl radical in the Fenton process
s due to ferrous ion catalyses decomposition of H2O2 (Eq. (4))
23].

e2+ + H2O2 → Fe3+ + •OH + OH− (4)

Whereas in photo-Fenton processes, the major reactions of
he formation of •OH radical include Fenton reaction (Eq. (4)),
f ferric ion (Eq. (5)).

e3+ + H2O + hν → •OH + Fe2+ + H+ (5)

ig. 3. Removal of Eosin Y under different conditions. (�) Fenton process with
olar light, (�) Fenton process, (�)Fenton process with 450 W high-pressure
ercury lamp (Eosin Y: 20 mg/L; FeSO4·7H2O: 5 mg/L; H2O2: 600 mg/L; pH

.0).
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may also lead to the decrease of decolorization. Meanwhile,
60 H. Zheng et al. / Journal of Haza

In addition, Fe(III)-peroxy complexes formed by photolysis
f Fe(III) + H2O2 may also directly attack dye molecule, and
ccelerate decolorization of Eosin Y (Eqs. (6) and (7)) [4].

ye ∗ + Fe3+ → Fe2+ + Dye+ (6)

ye+(or dye) + OH• → degradation product (7)

Initially, rapid decolorization of photo-Fenton processes is
ue to the fast reaction of Fe2+ with H2O2 producing hydroxyl
adicals. While in Fenton process, the decrease of color removal
ate in 180 min may be due to the color resurgence.

In solar-Fenton process, the color removal rates were 71.2%,
7.5% and 94.1% at 30, 60 and 90 min, respectively. In
V–Fenton process, 25%, 31.3% and 42.5% of decolorization
ere obtained, respectively. This suggested that solar-Fenton
rocess is more efficient than UV-assisted Fenton process.
ecause photocatalytic wavelength arranges from 310 to 550 nm

3], and that solar-Fenton reaction makes use of ultraviolet
nd visible spectrum (200–800 nm). While UV–Fenton pro-
ess (365 nm) only uses a little part of the UV–vis spectrum.
ence, solar-Fenton reaction can take full advantage of pho-

ons to produce more hydroxyl radical. Therefore, compared
o UV–Fenton, the decolorization rate of solar-Fenton process
bviously increased.

Solar energy is an abundant natural energy source. Solar-
enton process can make use of sunlight instead of artificial

ight, which accordingly reduces the operating costs and is eco-
riendly to the environment. Therefore, solar-Fenton process is
promising process.

.2. Effect of H2O2 dosage

In solar-Fenton reaction, H2O2 concentration affects the
ecolorization of Eosin Y. and its optimal concentration may
lso reduce the operating cost. Fig. 4 showed that the color
emoval increased from 87% to 94.1% at 90 min with the addi-
ion of H2O2 from 300 mg/L to 600 mg/L, which resulted from

ore •OH radicals produced with the addition of more H2O2.

owever, as H2O2 concentration was exceeded 600 mg/L, the
ecolorization of Eosin Y had no significant change (only ele-
ated 1.8%), which was similar to those reported by many
esearchers [7,8].This is due to the fact that scavenging of •OH

ig. 4. Effect of the addition of H2O2 on the removal of Eosin Y (Eosin Y:
0 mg/L; FeSO4·7H2O: 5 mg/L; pH 5.0; under solar light).
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adicals will occur at a higher H2O2 concentration as expressed
y the following equation [24]:

OH + H2O2 → H2O + HO2
• (8)

O2
• + •OH → H2O + O2 (9)

OH + •OH → H2O2 (10)

The scavenging effect occurred decreases the number of •OH
adicals in the reaction system. As a result, color removal rate
as not significantly increased.
All of decolorization efficiency was close to 96% after

eaction terminated (Fig. 4). This suggested that overall decol-
rization rate had no difference after 150 min in spite of the
ifferent initial color removal rate each other. Hence, 600 mg/L
f H2O2 dosage is an optimal dosage.

.3. Effect of ferrous dosage

The effect of different Fe2+ concentration on the decoloriza-
ion of Eosin Y has been investigated. The results are shown in
ig. 5. Decolorization was faster in the early stage of the reac-

ion than that in the later stage, since ferrous ion catalyses H2O2
o form hydroxyl radical quickly in initial stage of the reaction.
olor removal increased from 87.5% to 96.5% with the addition
f Fe2+ from 5 mg/L to 10 mg/L at 60 min. This indicated that
e2+ as a catalyst can significantly accelerate the decomposition
f H2O2. The increase in decolorization is due to production of
ore •OH radicals. However, color removal decreased as Fe2+

oncentration increased from 10 mg/L to 20 mg/L. This sug-
ested that excessive Fe2+ has a negative effect on decolorization
f Eosin Y. The decrease in decolorization at high Fe2+ dosage
s due to Fe2+ competing •OH with dye molecules, which can
e expressed by the Eqs. (7) and (11):

e2+ + •OH → Fe3+ + OH− (11)

In addition, color resurgence caused by Fe2+ intermediate
igh Fe2+ dosage increased additional flocculation treatment
n practice. Therefore, Fe2+ concentration should be controlled
roperly to gain desired decolorization during reaction period.

ig. 5. Effect of the addition of Fe2+ on the removal of Eosin Y (Eosin Y:
0 mg/L; H2O2: 600 mg/L; pH 5.0; under solar light).
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ig. 6. Effect of pH on the removal of Eosin Y (Eosin Y: 20 mg/L; FeSO4·7H2O:
mg/L; H2O2: 600 mg/L; under solar light).

0 mol/L of Fe2+ can be used as an optimum dosage for solar-
enton process.

.4. Effect of initial pH value

The pH is an important parameter for decolorization of Eosin
. It affects the formation of •OH and the concentration of Fe2+.
ang et al. [25] reported that photo-Fenton process could remove
ollutants under acidic condition. A similar trend was found
n the decolorization of Eosin Y. Fig. 6 showed that maximum
ecolorization efficiency in 30 min was up to 90% at pH 3.5. But
olor removal rate were only 82.4% and 71.2% at pH 2.5 and
.0, respectively. Hence, pH 3.5 was found to be the optimum
H in the solar-Fenton process. The decrease in decolorization at
H 5.0 is owing to the fact that the coagulation of Fe3+ complex
ormed in the reaction reduced the catalysis of Fe2+. The low
emoval rate at pH 2.5 is due to the hydroxyl radical scavenging
ffects of H+ ions (Eq. (12)) [11].

O• + H+ + e− → H2O (12)

In addition, the low pH will produce higher neutral treatment
ost. Therefore, pH 3.5 is the optimum pH in the solar-Fenton
rocess.
.5. Effect of dye concentration

Fig. 7 showed that decolorization of Eosin Y significantly
ecreased as dye concentration increased from 10 mg/L to

ig. 7. Effect of dye concentration on the removal of Eosin Y (FeSO4·7H2O:
mg/L; H2O2: 600 mg/L; pH 5.0; under solar light).
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00 mg/L. Decolorization of 10 mg/L Eosin Y was almost com-
lete at 90 min and color removal rate was up to 98%. However,
s dye concentration were 20 mg/L, 50 mg/L and 100 mg/L, only
4.1%, 72.6% and 68% of decolorization, respectively, were
btained. This is because that dye concentration increases, but
OH does not increase accordingly, which caused the decreased
emoval rate. In addition, in solar-Fenton process, high dye con-
entration also reduces the penetrability of photons into dye
olution, decreasing •OH radical production. In the case of
igh concentration dye solution, although coagulation of Fe3+

omplex could accelerate color removal, it also shielded Fe3+

on, resulting in the termination of photoredox reaction. Hence,
hoto-Fenton process degrades dyes more efficiently at a lower
ye concentration.

.6. Effect of oxalic acid dosage

Kositzia et al. and Arslan et al. reported that ferrioxalate com-
lex could expand a broad range of wavelengths and increase
bsorption of solar UV–vis fraction [19,26]. In order to investi-
ate its effect on photocatalytic degradation of Eosin Y, different
oncentrations of oxalic acid were added into the reaction sys-
em, respectively. The results were shown in Fig. 8. When
xalic acid increased from 0 mg/L to 600 mg/L, color removal
ncreased from 71.2% to 89.7% at 30 min.The result was agreed
ith early reports [19,26,27]. This is due to the fact that the

ncreased oxalic acid results in a faster ferrioxalate formation.
s Wu et al. reported [28], in the presence of oxalate, and pH

anges from 3 to 5, Fe(III)-oxalate complexes are the predomi-
ant dissolved species as follows:

e3+ + C2O4
2− → Fe(C2O4)+ (13)

e(C2O4)+ + C2O4
2− → Fe(C2O4)2

− (14)

e(C2O4)2
− + C2O4

2− → Fe(C2O4)3
2− (15)

The complexion of oxalate not only increases the quantum
ield for the photoreduction of Fe3+ from 0.14 to 1.2 at 313 nm
ut also extends the absorption band into the visible region

o some extent and increases the absorption coefficient. As a
equence, the absorption of UV light increases. Under UV light
rradiation, Fe(C2O4)3

3− could effectively convert Fe3+ ion into
e2+ ion (Eq. (16)), and the generated Fe2+ ion reacts with

ig. 8. Effect of the addition of oxalic acid on the removal of Eosin Y (Eosin Y:
0 mg/L; FeSO4·7H2O: 5 mg/L; H2O2: 600 mg/L; pH 5.0; under solar light).



4 rdous Materials 141 (2007) 457–464

H
b
t
m
[
M
[

F

C

2

d

d
c
m
a
s
o
c

3

t

a
H
b
a
N
y
w
m
8
o
s
t
a
t

F
2
t

e
j
C
t
c
t
d
a
t
i

3

i
T
e
t
i
T
[

62 H. Zheng et al. / Journal of Haza

2O2 as Eq. (4) to form •OH radicals. As a result, the num-
er of •OH radicals formed increases substantially, giving rise
o a higher color removal. In addition, under UV irradiation,

ain Fe(C2O4)3
3− could also produce H2O2 ((Eqs. (16)–(18))

29], providing a continuous source for photo-Fenton process.
eanwhile, oxalic acid may also adjust the pH of dye solution

30].

e(C2O4)3
3− + hν → Fe2+ + 2C2O4

2− + C2O4
•− (16)

2O4
•− + O2 → O2

•− + 2CO2 (17)

O2
− + 2H+ → H2O2 + O2 (18)

Hence, the addition of oxalic acid can not only promote the
egradation of dye, but also reduce treatment cost.

However, excessive oxalic acid has negative effect on the
ecolorization of Eosin Y. Because CO2 produced in Eq. (17)
an be converted to CO3

2− or HCO3
− in acidic solution. They

ay scavenge hydroxyl radical and color removal was decreased
ccordingly. So, the decolorization of Eosin Y did not increase
ignificantly after 90 min. Therefore, the optimum concentration
f oxalic acid was 300 mg/L for lower operation cost and higher
olor removal.

.7. Oxidation of Eosin Y

To study the oxidation of Eosin Y, UV–vis absorption spec-
ra of 20 mg/L Eosin Y solution were considered before and

fter the treatment with solar-Fenton process (Fe2+ = 10 mg/L,
2O2 = 600 mg/L, oxalic acid = 300 mg/L, pH 3.5). As it could
e observed in Fig. 9, the UV band at 515 nm became smaller
s the irradiation time increased until no signal was detected.
o additional UV–vis signals were detected in the sample anal-
sis, meaning that no radiation absorbing intermediates at this
avelength was generated. Nevertheless, a generation of inter-
ediates could be detected by COD. Removal rate of COD was

2.7% after the reaction ended. This indicated that the majority
f dye was mineralized by the Fenton’s reagent. In the earlier

tages of the solar-Fenton process, •OH radicals firstly attack
he C C conjugated bond of Eosin Y, then break ether link-
ge, as the process runs, macromolecular Eosin Y is oxidized
o micromolecule up to almost complete mineralization at the

(
t
Y
p

ig. 9. Change of UV–vis spectra of Eosin Y in solar-Fenton process (Eosin Y:
0 mg/L; FeSO4·7H2O: 10 mg/L; H2O2: 600 mg/L; oxalic acid: 300 mg/L; reac-
ion time = 1 h; pH 3.5. a = 0 min, b = 15 min, c = 30 min, d = 45 min, e = 60 min).

nd of the experiment. The advanced oxidation process can be
ustified if the generated intermediates are easily biodegradable.
hacón et al. [31] have studied the relation between color and

oxicity, they thought that the trend of toxicity was agreed with
olorant degradation. Once the color had been depleted and the
oxicity reduced. Our toxicity tests result is consistent with their
escription. The ratio of seed germination after dye treatment is
lmost the same as the control. This indicates that coupling pho-
ocatalysis with biological degradation could be an interesting
ssue to the treatment of dye wastewater.

.8. Analysis of photodegradation kinetics

The initial concentrations of various factors and correspond-
ng v0 could be described as the equation v0 = −dC/dt = kCa

0.
he apparent kinetics equations were obtained under the
xperimental conditions (Table 2). The results showed that
he initial rate of Eosin Y photodegradation increased with
ncreasing the concentrations of each component, respectively.
he initial rates v0 obtained was fitted against corresponding

Eosin Y]0.78[Fe2+)]1.14[H2O2]1.26 according to linear equation

5 mg/L [Fe2+] < 20 mg/L, 300 mg/L < [H2O2] < 1200 mg/L),
he apparent kinetics equation −dC/dt = 0.000249[Eosin
]0.78[Fe2+]1.14[H2O2]1.26 was obtained. To verify the pro-
osed model, the experimental data and modeled curves are
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Table 2
Kinetics analysis of the photodegradation of Eosin Y

Parameters Concentration (mg/L) Initial rate v0 (mg/L min) Kinetics equation

H2O2 300 13.567 −dC/dt = 1.192[H2O2]1.26

([Eosin Y] = 20 mg/L, [Fe2+] = 10 mg/L, pH 3.5) 600 16.367
900 33.333
1200 63.367

Fe2+ 5 11.767 −dC/dt = 1.573[Fe2+]1.14

([Eosin Y] = 20 mg/L, [H2O2] = 600 mg/L, pH 3.5) 10 16.367
15 28.033
20 64.1

Eosin Y 10 11.067 −dC/dt = 1.698[Eosin Y]0.78

([H2O2] = 600 mg/L, [Fe2+] = 10 mg/L, pH 3.5) 20 16.7
50 33.3
100 68.5

Fig. 10. Comparison of the experimental data (symbols) with the model cal-
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ulation (dashed lines) at the different Eosin Y concentration (FeSO4·7H2O:
0 mg/L; H2O2: 600 mg/L, pH 3.5).

ompared in Fig. 10, where the curves show a good fit to
he experimental data. Comparing the reaction orders in the
inetics equation, H2O2 had the largest power (1.26) and Eosin

had the lowest power (0.78), which implied that H2O2 was
he dominant factor in determining the removal efficiency of
osin Y by the solar-Fenton process. Therefore, an efficient
ay to improve the decolorization of Eosin Y in practice is to

ncrease the concentration of H2O2, as a smaller Fe2+/H2O2
atio leads to a higher overall oxidation of Eosin Y.

. Conclusion

In this study, the decolorization of Eosin Y has been stud-
ed by applying homogeneous Fenton process and photo-Fenton
rocesses. Based on the above-mentioned results, the following
onclusions can be drawn.
. Photo-Fenton processes were more efficient than Fenton
process for color removal. In photo-Fenton processes, solar-
Fenton reaction could significantly increase color removal
and reduce the operating cost. Decolorization rate of solar-
Fenton process was increased by 40% over that of artificial
light source.

. In solar-Fenton process, the H2O2 dosage dominated the
overall efficiency of color removal. 600 mg/L of H2O2
showed satisfactory color removal rate.

. The ferrous as catalyst accelerated the color removal dur-
ing the initial reaction period. Fe2+ concentration of 10 mg/L
could be used as an optimum dosage for solar-Fenton process.

. The optimum pH for both the formation of •OH and color
removal was 3.5.

. The degradation of Eosin Y decreased with the increasing of
dye concentration.

. Oxalic acid played dual roles in photo-Fenton reaction. It not
only increased the absorption of UV light but also enhanced
the color removal. In addition, oxalic acid could adjust the
pH of dye solution and reduced operation cost. The optimum
concentration of oxalic acid was 300 mg/L in the experiment.

. Under the above conditions, the apparent kinetics equa-
tion −dC/dt = 0.000249[Eosin Y]0.78[Fe2+]1.14[H2O2]1.26

was obtained.
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