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Abstract

In order to improve the catalytic degradation property of a-FeOOH, a-FeOOH was doped with sodium
silicate. The a-FeOOH doped with silicon was used as catalyst to catalyze the degradation of methyl or-
ange. The XRD spectra showed that the crystalline phase of a-FeOOH doped with silicon was same as
that of a-FeOOH. The catalytic degradation property of a-FeOOH doped with silicon was 21.7% higher
than that of a-FeOOH. The results showed that catalytic degradation of methyl orange was almost de-
graded thoroughly at the conditions that the concentration of a-FeOOH doped with silicon in the solu-
tion was 0.73 g/L, the concentration of H2O2 was 0.231 mmol/L. The pH value was between 2 and 3,
and the degradation reaction was carried out at 60 °C for at least 20 min. Copyright © 2016 BCREC
GROUP. All rights reserved
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1. Introduction

a-FeOOH is not only a kind of common yel-
low inorganic pigments, but also can be used as
precursor of magnetic recording medium y-
Fe20s. Furthermore, a-FeOOH has a large spe-
cific surface area, small particles structure and
strong adsorption ability. So it is emphasized to
apply on environmental engineering [1]. For in-
stance, it can be used as a removal agent of
heavy mental in wastewater and gas desulfuri-
zation agent etc. [2-3]. In recent years many
workers developed more applications of a-
FeOOH on environmental engineering, espe-
cially application to the catalytic degradation of
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organic materials. At the same time, some re-
ports focused on increasing the catalytic degra-
dation property of a-FeOOH by doping with
other elements, such as manganese, aluminum
and silicon elements, etc. [4-6]. In several pa-
pers, a-FeOOH and a-FeOOH doped with other
elements have been employed to degrade the
poisonous and refractory aromatic pollutants,
such as phenol, perfluorooctane compounds,
benzoic acid, and phthalic acid [7-9]. The re-
sults showed that they had a great effect on the
degradation of these materials.

In this paper, the a-FeOOH was doped with
silicon to endow a-FeOOH particles more reac-
tive centrals to improve its catalytic degrada-
tion property. Methyl orange was employed to
test the catalytic degradation ability of a-
FeOOH before and after modification. The opti-
mal catalytic degradation conditions on methyl
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orange was studied. The results showed the
catalytic degradation ability of a-FeOOH doped
with silicon increased a lot.

2. Materials and Methods
2.1. Materials

Ferrous sulfate reagent (AR), sulfuric acid
(AR), sodium hydroxide (AR), methyl orange
were produced from Chengdu Chemical agent
Company, China, and sodium silicate (AR) and
hydrogen peroxide solution (AR) from
Chongqing Chemical Reagent Factory, China.
Deionized water was prepared in our labora-
tory and was used for the experiments and
tests.

2.2. The synthesis of a-FeOOH doped with
silicon

The sodium silicate solution (0.36 g/L) was
mixed with sodium hydroxide solution (1.0
mol/L), then the mixed solution was dropped
into the ferrous sulfate (0.16 g/L) solution with
continuous stirring at 60 °C for 2 h. Ultimately
the synthesis of a-FeOOH doped with silicon
was gained after suction filtration, drying and
milling. The chemical reactions about prepara-
tion nanoparticles of a-FeOOH were displayed
in Equations (1-3).

FeSO4 + 2NaOH — NasSO4 + Fe(OH)2 (1)
4Fe(OH)z + O2 — 4a-FeOOH + 2H20 (2)
4FeS0O4+ O2+ 6H20 — 4a-FeOOH + 4H2S04(3)

2.3. XRD spectra of a-FeOOH

The XRD spectra of a-FeOOH before and af-
ter doped with silicon were analyzed by using a
Rigaku XD-3 (Beijing Purkinje General Instru-
ment Co. Ltd., Beijing, China) at room tem-
perature, at the scattering angles from 5° to
80e.

2.4. The catalytic degradation of methyl
orange.

a-FeOOH and H:20:2 were added to methyl
orange solution (20 mg/L, 20 ml), and reacted
for some time at different temperature and pH.
After degradation treatment, the absorption
value of methyl orange solution was measured
by the TU-1810 ultraviolet and visible spectro-
photometer instrument (Beijing Purkinje Gen-
eral Instrument Co. Ltd., Beijing, China).
Based on the relationship between concentra-
tion of methyl orange (MO) in the solution and
standard curve, the degradation rate could be
obtained by the change of the concentrations of

methyl orange in solution after degradation
treatment, and degradation rate calculation
formula was presented in Equation (4).

Degradation rate of MO = (Cy-C;)/CyX 100% (4)

where C) was the original concentration of
methyl orange, and C; was the concentration of
methyl orange after degradation treatment.

3. Results and Discussion

3.1. Characterization of a-FeOOH doped
with silicon

The XRD spectra of a-FeOOH before and af-
ter doped with silicon are shown in Figure 1.
From Figure 1, both of the spectra of a-FeOOH
before and after doped with silicon exhibited
the characteristic diffraction peaks at 21.25¢,
33.330, 34.77°, 36.74°, 40.01°, 41.21°, 53.22¢,
59.06°, 61.45°, 64.10° and 71.74°, respectively.
There were basically no impurity peaks. The
results suggested that the lattice of a-FeOOH
particles was complete, and the a-FeOOH crys-
talline phase did not change.

3.2. Degradation rate at different dosages
of a-FeOOH doped with silicon

Figure 2 shows the catalytic degradation
rates of methyl orange at the different dosages
of a-FeOOH doped with silicon at 60 °C, pH 2.5
and H2021 ml. From Figure 2, when the reac-
tion time was 10 min, the catalytic degradation
rate of methyl orange raised greatly with the
increasing of a-FeOOH dosage doped with sili-
con. While the time was up to 20 min, 97.6%
methyl orange was degraded on the dosage of
a-FeOOH doped with silicon (1.33 and 0.73

a-FeOOH doped with silicon
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Figure 1. XRD spectra of a-FeOOH before and
after doping with silicon
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g/L), and for 30 min, the 0.33 g/LL a-FeOOH
with silicon could also catalyze to degrade
methyl orange in same effect. The catalytic
mechanism is that the hydrogen peroxide and
organic molecules have been absorbed by the
active center of catalytic as soon as they spread
to the surface. Then the generated hydroxyl
radical can oxidize the organic molecules. Ac-
cording to Figure 2, the following text selected
0.73 g/L as the best concentration of a-FeOOH
doped with silicon to degrade the methyl or-
ange.

3.3. Degradation rate at different dosages
of H20:

Figure 3 shows the catalytic degradation
rate of methyl orange at the dosage of H20s.
When the degradation time was 10 min, the
degradation rate increased obviously with the
increase of H20:zconcentration. But when the
H202 concentration was higher than 0.231
mmol/L, high H20:zconcentration did not cause
high degradation rate, even the degradation
rate decreased slightly. This is because in the
degradation process, hydrogen peroxide is a
strong oxidizer, which could produce a lot of hy-
droxyl free radicals under the catalysis of a-
FeOOH, and then the organic compounds were
degraded quickly in the initial time. But if
there is excessive hydroxyl radicals in the sys-
tem, the hydroxyl radicals will react them-
selves, and then the degradation effect de-
creases slightly. So the best concentration of
0.231 mmol/L was chosen.

3.4. Degradation rate at different tempera-
ture

The effect of catalytic degradation at differ-
ent temperatures is shown in Figure 4. From
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Figure 2. Effect of silicon dosage on catalytic
degradation rate of methyl orange on a-FeOOH
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Figure 4, the higher the temperature was, the
higher the degradation rates were. When the
temperature was above 45 °C, and the reaction
time was longer than 30 min, all the degrada-
tion rates could be higher than 96.2%. Actually,
there are several processes of catalytic degra-
dation with a-FeOOH as catalyst, including the
adsorption of target materials on the surface of
a-FeOOH; the catalytic reaction on the surface
of a-FeOOH; desorption of products after reac-
tion from the surface of a-FeOOH and the pro-
cedure of diffusion into the solution. All the ad-
sorption, catalytic reaction and desorption proc-
esses were accelerated by temperature. The
molecular diffusion rate increased greatly with
the continuous increasing temperature, which
contributed to each stage of the reaction. From
Figure 4, the temperature of 60 °C was consid-
ered as the ideal temperature-dependent pa-
rameter.
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Figure 3. Effect of H202 concentration on cata-
lytic degradation rate of methyl orange
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Figure 4. Effect of temperature on catalytic deg-
radation rate of methyl orange
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3.5. The degradation rate at different pH

At the optimum conditions of temperature,
dosage of a-FeOOH and H:202, respectively, the
effect of catalytic degradation of methyl orange
at different pH is shown in Table 1. In this se-
ries of tests, with the augmentation of alkaline
concentration, the degradation effect of methyl
orange decreased greatly. By comparison, when
the pH of the solution was 2.39, the methyl or-
ange was degraded most thoroughly. This is be-
cause H20: 1s easier to decompose in alkaline
solution than that of H2021in acid solution. So
the pH value should be controlled between 2
and 3.

3.6. The catalytic degradation property of
a-FeOOH before and after doping with
silicon.

At the optimum conditions that were ob-
tained above, the effect of catalytic degradation
rate of methyl orange on before and after dop-
ing with silicon is shown in Figure 5. From Fig-
ure 5, there was an obvious difference before
and after the a-FeOOH doped with silicon.
When the reaction time was 40 min, the degra-
dation of methyl orange on a-FeOOH doped
with silicon was 97.6%, while the untreated a-
FeOOH was 75.9%. This is because the a-
FeOOH doped with silicon has more reactive
centrals than that of untreated a-FeOOH, the
degradation reaction was completed at one and
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Figure 5. Effect of a-FeOOH before and after
doped with silicon on catalytic degradation rate
of methyl orange

two dimensional boundary crisscross where
there were no enough atoms to form perfect lat-
tice sequence and full valence. Because of such
defect, there were many area to form more cata-
Iytic center. The addition of silicon would lead to
part of the generation of Fe2*, thus enhanced the
catalytic activity of a-FeOOH, and then the deg-
radation rate of methyl orange increased obvi-
ously.

4. Conclusions

The catalytic degradation ability of a-FeOOH
could be improved efficiently by doping with sili-
con. The catalytic degradation property of modi-
fied a-FeOOH was 21.7% higher than that of
original a-FeOOH. The results indicated that
when the pH value of solution was between 2
and 3, the surrounding temperature was 60 °C,
the degradation time was at least 20 minutes
and the dosage of a-FeOOH doped with silicon
and H202 were 1.33 g/Li and 0.231 mmol/L, re-
spectively, the methyl orange sample had al-
most been degraded thoroughly. The XRD spec-
tra indicated that the crystalline phase of a-
FeOOH doped with silicon was same as that of
a-FeOOH. This showed the doping silicon is an
effective method to increase the catalytic degra-
dation ability of a-FeOOH.
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