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Abstract Supported perovskite oxide, LaFeO3/SBA-15,

is investigated for the first time as catalyst for the oxidation

of organic dyes using hydrogen peroxide as oxidant.

Characterizations such as XRD, XPS, TEM and N2 phys-

isorption isotherms indicate that the supported catalyst has

typical perovskite LaFeO3 structure, and the ordered mes-

oporous structure of SBA-15 remains unchanged after the

formation of LaFeO3. Catalytic tests indicate that LaFeO3/

SBA-15 has large adsorption capacity, good catalytic per-

formances, and wide working pH ranges (from 2 to 10) for

the oxidation of dyes, e.g., Rhodamine B. Moreover, the

catalyst can be reused for at least four times without

appreciable loss in the activity, and no dissolved Fe3? ion

could be detected by atomic absorption spectrometry after

the reaction, suggesting that LaFeO3/SBA-15 is a very

stable and active catalyst for the oxidation of dyes in

aqueous solution. Comparative tests on various organic

dyes, such as reactive brilliant red X-3B, direct scarlet

4BS, methylene blue and Rhodamine B (RhB), indicate

that LaFeO3/SBA-15 is more favorable for RhB oxidation,

while considerable activity could also be available for other

dyes, potentiating its wide applications for industrial

removal of dyes. The excellent catalytic performances of

LaFeO3/SBA-15 could be attributed to the synergistic

effect between SBA-15 and LaFeO3.
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1 Introduction

The relationship between industrial activity and environ-

mental pollution is a never-ending topic of our modern

society. At the time of producing industrial articles for our

daily use, we also release large amounts of industrial

wastes that are harmful to the environment and our health.

The removal of these industrial wastes by post-treatment,

or even by preventing their formation in advance, is a

challenging task for the industrial plants, especially with

the issue of the more and more strict legislations on the

emission of industrial wastes.

In case of factories that use organic dyes as raw mate-

rials, e.g., textile mill, they discharge large amounts of

wastewater containing unused organic dyes. These organic

dyes will undergo chemical as well as biological changes,

consume dissolved oxygen, and finally destroy aquatic life

[1, 2], if they are discharged to the rivers. The removal of

organic dyes by adsorption technology using microporous

or mesoporous materials, such as industrial wastes [3],

activated clay [4], activated sludge [5], beta-cyclodextrin

polymer [6], shale oil ash [7] and SBA-3 [8], as adsorbents

has been received great attention over the years. However,

this method the dyes are not removed radically and the

regeneration of adsorbents need additional steps, consum-

ing extra energy and/or resources. This problem can be

resolved if catalytic oxidation technology is used. Catalytic

oxidation is an alternative and promising way of removing
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dyes for industrial plants compared to the physical

adsorption, as the dyes would be radically oxidized into

H2O, CO2, or other small molecules that are harmless to

the environment, and the catalyst is able to re-use without

extra treatment.

Many types of catalysts have been used for dyes oxi-

dation. The classic Fenton catalyst (dissolved Fe(II) and

H2O2) [9, 10] is capable of oxidizing organic pollutants

into harmless chemicals such as CO2 and H2O, but its

application is limited by the narrow working pH range

(pH \ 4) [11, 12]. Moreover, the separation and recovery

of the iron species from the industrial wastewater is also a

big challenge [13]. For this, heterogeneous Fenton systems,

e.g. iron oxides [14, 15] and iron-immobilized zeolites

[16], have received considerable interest and been inves-

tigated. Unlike the homogeneous systems, these solid cat-

alysts could be recuperated by filtration and reused in next

runs. However, the oxidation efficiency of these catalysts is

low and for better catalytic performance the presence of

ultrasonic and/or UV light irradiation is essential, to

accelerate the electron transfer at the interface of catalyst

and dyes [17]. Thus, to gain industrial application many

efforts have been made to synthesize better heterogeneous

Fenton-like catalysts exploited under natural conditions

without ultrasound or ultraviolet. For example, Luo et al.

[18] and Zhang et al. [19] reported that perovskite BiFeO3

and LaTi1-xCuxO3 are potential catalysts for oxidative

removal of dyes using H2O2 as oxidant.

Perovskite-type oxides with ABO3 structure have

attracted great interest in catalysis because of their unique

structural features and thermal or hydrothermal stability

[20–23]. The A- and/or B-site of ABO3 can be substituted

by many foreign metal cations without destroying the

matrix structure, as long as the tolerance factor is in the

range of 0.7–1.1 [21, 24]. Thus the oxidation state of B-site

cations and/or the amount of oxygen vacancy can be con-

trolled, optimizing the material for special use. However,

as the synthesis of perovskite-type oxides usually is carried

out at high temperatures, this leads to low surface area and

decreases the contact area between the catalyst and the

reactant, lowering the catalytic activity. In order to make

up this defect, one solution is to synthesize porous or

supported perovskite oxides, which have enhanced surface

area and possesses porous structure.

In this work, we synthesized supported perovskite oxide,

LaFeO3/SBA-15, and investigated its catalytic perfor-

mances for the oxidation of organic dyes using H2O2 as

oxidant. LaFeO3 is a heterogeneous Fenton-like catalyst

that is active for dyes oxidation, while SBA-15 [25, 26] is

an ordered mesoporous material that has the ability to

absorb organic dyes. We expect that the combination of

LaFeO3 and SBA-15 could show synergistic effect in the

oxidation of dyes. Indeed, catalytic results show that

LaFeO3/SBA-15 has large capacity and high efficiency for

the oxidation of dyes including Rhodamine B, reactive

brilliant red X-3B, direct scarlet 4BS and methylene blue

(MB), and can be reused for at least four times without

appreciable decrease in the activity. Effect of pH and H2O2

content on the catalytic performances of LaFeO3/SBA-15

was also investigated.

2 Experimental

2.1 Chemicals

La(NO3)3�nH2O, Fe(NO3)2�9H2O, Cu(NO3)2�3H2O, H2O2

(30 %, w/w), polyvinyl alcohol (PVA), Tetraethyl ortho-

silicate (TEOS), citric acid (C6H8O7�H2O), anhydrous

alcohol and hydrochloric acid were purchased from Sin-

opharm Chemical Reagent Co., Ltd. China; Pluronic P123

and Rhodamine B were purchased from Sigma-Aldrich. All

the chemicals were used as received.

2.2 Synthesis of LaFeO3/SBA-15

The catalysts were prepared by impregnation method. SBA-15

was first prepared according to a reported protocol [27, 28]:

P123 (5 g), de-ionized water (75 g) and 2 M HCl (150 mL)

were stirred at 35 �C until the P123 was completely dissolved.

Then 30 mL of PVA (1wt %) aqueous solution and 10.5 g of

TEOS were added dropwise with stirring. After stirring at 35 �C

for 24 h the solution was transferred to an autoclave and aged at

100 �C for 24 h. Subsequently, the sample was filtered, dried at

100 �C for 24 h and calcined in muffle furnace at 550 �C for 6 h

with a heating rate of 2 �C/min. Such obtained SBA-15 was

used as support to prepare supported perovskite catalysts with

the following procedure: La(NO3)3�nH2O (0.01 mol),

Fe(NO3)3�9H2O (0.01 mol), citric acid (0.024 mol), de-ionized

water (10 mL) and alcohol (20 mL) were first mixed, and to this

solution 2 g of SBA-15 was added. The resulting slurry was

stirred and heated to 70 �C until it became gel status. The gel

was dried at 100 �C overnight, calcined at 500 �C and 700 �C

for 4 h, respectively, with a heating rate of 2 �C/min. The

loading of LaFeO3 was calculated to be ca 55 % in weight.

2.3 Characterizations

X-Ray diffraction (XRD) patterns were collected using a

Bruker D8 Advance X-ray diffractometer (Cu Ka irradia-

tion). The 2h angle ranged from 0.5� to 5� and 10� to 80�
for small-angle and wide-angle measurements, respec-

tively. X-Ray photoelectron spectroscopy (XPS) data were

taken on a Thero Electron Corporation VG Multilab 2000

appratus. The binding energy was calibrated with reference
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to the C1s level of carbon at 284.6 eV. Transmission

electron microscopy (TEM) images were obtained on a

Tecnai G2 20 S-Twin appratus with high-resolution

transmission electron microscope (200 kV). N2 physi-

sorption isotherms were determined at liquid-nitrogen

temperature (-196 �C) with an Autosorb-1 apparatus. The

sample was degassed at 150 �C overnight before

measurement.

2.4 Catalytic Tests

0.1 g of LaFeO3/SBA-15 was first added to 50 mL of dye

aqueous solution (0.02 mmol/L) for adsorption. Because of

the large adsorption capacity of the catalyst, the adsorption

procedure was conducted several times, until reaching

adsorption/desorption equilibrium (i.e., no change in the

absorbance with the adsorption time). The saturated cata-

lyst was then filtered and put into a fresh dye solution

(50 mL, 0.02 mmol/L). After stirring for 30 min, 1 mL of

H2O2 (30 %, w/w) was added to the solution to start the

reaction. Catalytic activity was measured at an interval of

30 min. 4 mL of aliquots were collected by filtration and

the absorbance was measured at 550 nm using a spectro-

photometer (Model: 722E, Shanghai Spectrum Instru-

ments, China). In the study of the effect of pH values, the

pH was adjusted by adding H2SO4 or NaOH to the solution.

The concentration of dyes before and after reaction was

calibrated using a standard concentration versus absor-

bance curve made by external standard method. The oxi-

dation activity was calculated by the following formula:

% conversion ¼ C0 � CA

C0

� 100

where C0 and CA represent the concentration of dyes before

and after reaction, respectively.

3 Results and Discussion

Figure 1A shows the XRD patterns of samples measured at

small angles. Both SBA-15 and LaFeO3/SBA-15 show

three diffraction peaks that are assignable to the (100)

(110) and (200) face of SBA-15, suggesting that the

loading of LaFeO3 does not destroy the ordered porous

structure of SBA-15. The peak intensity of LaFeO3/SBA-

15 is significantly attenuated compared to that of SBA-15,

which could be due to the partial blocking of pores by

LaFeO3 species, resulting in decrease in the long-range

order of the channels of SBA-15 [29–31]. Also, it is

noticed that the diffraction peak of LaFeO3/SBA-15 is

shifted to higher angles. According to the Bragg’s law:

2dsinh = nk, the increase in the diffraction angle (h) leads

to a decrease in the interplanar spacing (d), which means

that the unit cell of SBA-15 was shrunk after the formation

of LaFeO3. The reason could be that the LaFeO3/SBA-15

undergone an additional hydrolyzation and calcination step

during the synthesis process.

Figure 1B shows the XRD patterns of samples measured

at wide angles. The diffraction patterns of SBA-15 were not

measured at this time as it is an amorphous material that

shows no defined diffraction peak in the wide-angle XRD

patterns. In order to index the diffraction peaks and confirm

the structure of the catalyst, we prepared a bulk LaFeO3

perovskite with the same procedure except the use of SBA-

15, and its XRD patterns are presented in Fig. 1B. The

predominant peaks of LaFeO3/SBA-15 appear almost at the

same position as those of bulk LaFeO3, confirming that the

catalyst supported on SBA-15 is in LaFeO3 perovskite

structure. By referring to the standard PDF card of perov-

skite LaFeO3, we found that all the diffraction peaks are

attributable to LaFeO3 and no peak assignable to La2O3 or

Fe2O3 appears. The peak intensity of LaFeO3/SBA-15 is

attenuated compared to that of LaFeO3, which could be that

the LaFeO3 on SBA-15 has poorer crystalline, or that it is

highly dispersed and has smaller particle size than the bulk

one.

Figure 2A presents the N2 physisorption isotherms for

SBA-15 and LaFeO3/SBA-15. Both show a type H1 hys-

teresis loop corresponding to an ordered mesoporous

structure, confirming that the SBA-15 structure is not

destroyed after the formation of LaFeO3, in line with the

results observed from XRD measurements. However, the

surface area, pore volume and pore size (Fig. 2B) of SBA-

15 are significantly decreased after the formation of La-

FeO3. The reason could be that some of LaFeO3 block the

pores, or are formed on the inner pore walls of SBA-15,

decreasing the surface area and pore size, or that the unit

cell of SBA-15 was shrank during the impregnation and

calcination steps of LaFeO3. Nevertheless, both XRD and

N2 physisorption measurements indicate that the SBA-15

structure is maintained and LaFeO3 is successfully syn-

thesized and formed on SBA-15.

TEM image confirms that the ordered mesoporous

structure of SBA-15 is maintained after the formation of

LaFeO3, Fig. 3. However, it seems that some amounts of

amorphous non-ordered silica are formed, as a layer of thin

film appears on the surface. The reason is attributed to the

extra treatments on SBA-15 during the synthesis of LaFeO3

in aqueous solution, as suggested by Galarneau et al. [32]

Besides, a large amount of particles, with particle size of

10–20 nm are observed on the surface, which suggests that

LaFeO3 is present in nanoparticle form and is well dis-

persed on SBA-15, explaining why LaFeO3/SBA-15 shows

attenuated peak intensity compared to the bulk LaFeO3, as

observed in the wide-angle XRD patterns.
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The oxidation state of principal elements of LaFeO3

nanoparticles on SBA-15 surface was analyzed and deter-

mined by XPS measurements. The XPS spectra for La 3d,

Fe 2p and O 1s are depicted in Fig. 4. For La 3d and Fe 2p,

the peak positions of La 3d5/2 and Fe 2p3/2 are located at

834.5 eV and 710.7 eV, respectively. By comparing with

the data reported in the handbook of the XPS instrument

and those in the literatures [33–36], it is inferred that the

main chemical valences of La and Fe are in ?3 oxidation

state. For O 1s, the XPS spectrum could be deconvolved

into two peaks using the Origin software by Gaussian rule.

According to literatures [37, 38], the major one at 532.0 eV

is attributable to chemically adsorbed oxygen species on

the oxygen vacancies, and the shoulder one at 529.6 eV is

to lattice oxygen O2-. From the peak area of these two

oxygen species, it can be concluded that there are a large

amount of adsorbed oxygen on the catalyst. That is, the

LaFeO3/SBA-15 prepared by impregnation method con-

tains a lot of oxygen vacancy, which is accepted to be an

important parameter influencing the catalytic performances

of catalyst in oxidation reactions.

Screening tests were performed on a series of bulk

LaMO3 (M = Fe, Co, Ni, Cu) for Rhodamine B (RhB)

oxidation. Results in Fig. 5 show that LaFeO3 and LaCuO3

exhibit better activity for RhB degradation than LaCO3 and

LaNiO3. The low activity of LaCO3 and LaNiO3 could be

due to the rapid decomposition of H2O2 on them, leading to

the hard production of OH radicals [39]. Adsorption mea-

surements show that all the LaMO3 catalysts exhibit neg-

ligible capacity for RhB adsorption due to their low surface

area (\10 m2/g) and non-porous structure. In this work, the

LaFeO3 catalyst was used for primary investigation, in

order to compare the Fenton-like catalysts reported in lit-

erature. Also, because iron is cheaper than copper, this

makes LaFeO3 a more potential catalyst for industrial use.

In order to increase the surface area of LaFeO3 and

enhance the contact area between LaFeO3 and RhB, we

attempted to synthesize nanoscaled LaFeO3 particles by

Fig. 1 (A) Small-angle XRD

patterns for SBA-15 and

LaFeO3/SBA-15; (B)wide-angle

XRD patterns for LaFeO3/SBA-

15 and LaFeO3

Fig. 2 (A) N2 physisorption

isotherms for SBA-15 and

LaFeO3/SBA-15 (‘‘SBET’’

means the surface area

measured by BET method;

‘‘P.V.’’ means the pore volume);

(B) The corresponding pore size

distribution for SBA-15 and

LaFeO3/SBA-15, calculated by

BJH method using the

adsorption branch

Fig. 3 TEM image for LaFeO3/SBA-15
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depositing it onto a high-surface-area, mesoporous SBA-15

material [25, 26], which is regarded to be one of the most

widely used supports for heterogeneous catalysts. Also, it

has been reported that SBA-15 is a good absorbent for dyes

adsorption [40, 41]. The capacity of SBA-15, as well as

that of LaFeO3/SBA-15, for RhB adsorption is measured

by impregnating the sample in 50 mL of RhB aqueous

solution (0.02 mmol/L) for several times until no change in

the absorbance of the RhB solution is observed. The

maximum amount of RhB adsorbed on SBA-15 and La-

FeO3/SBA-15 was measured to be 0.017 and 0.013 mmol/

g, respectively. By referring to the textural properties

shown in Fig. 2, it is surprised to find that although SBA-

15 possesses far larger surface area and pore volume than

LaFeO3/SBA-15, the capacity of them for RhB adsorption

is almost similar. Considering that LaFeO3 can catalyze the

RhB oxidation and there has lots of adsorbed oxygen on the

surface (see XPS results) that could be acting as oxidant,

we inferred that the large capacity of LaFeO3/SBA-15 for

RhB adsorption is contributed from two parts: one is from

the amount of physically adsorbed RhB, and the other is

due to the degradation of RhB that were oxidized by the

surface adsorbed oxygen.

Catalytic tests were carried out after the adsorption of

RhB on LaFeO3/SBA-15 reaches equilibrium. Namely, the

saturated LaFeO3/SBA-15 was filtered and then put into a

new batch of 50 mL RhB solution (0.02 mmol/L). After

stirring for 30 min 1 mL of H2O2 (30 %, w/w) was added

to start the reaction. Figure 6A presents the conversion of

RhB measured at different conditions. It seems that the

activity of supported LaFeO3/SBA-15 is lower than that of

bulk LaFeO3 at the initial 100 min. However, it should be

noticed that (a) the loading of LaFeO3 on SBA-15 is 55 %

in weight, that is, the actual amount of LaFeO3 partici-

pating in the catalytic reaction is 0.055 g for LaFeO3/SBA-

15, while that for bulk LaFeO3 is 0.1 g. Therefore, con-

sidering that SBA-15 has no contribution to the reaction

(Figure S1), it can be inferred that the LaFeO3 supported on

SBA-15 is more efficiency for RhB oxidation than the bulk

one; (b) RhB was adsorbed on LaFeO3/SBA-15 at the

adsorption step (before the catalytic test), while none was

on bulk LaFeO3 as indicated above. This means that the

total amount of RhB converted over LaFeO3/SBA-15

contains both the pre-adsorbed RhB and those in the

solution, while that on bulk LaFeO3 contains only the RhB

in the solution. In other words, the degradation activity

shown in Fig. 6A, represents not the actual ability of the

catalysts to RhB oxidation, but the apparent conversion

measured from the solution (The conversion of RhB that

were pre-adsorbed on the catalyst cannot be embodied in

this measurement). Consequently, it is concluded that La-

FeO3/SBA-15 is more efficient than LaFeO3 in catalyzing

RhB oxidation. The reason could be that, on one hand,

SBA-15 has large capacity for RhB adsorption, and on the

other hand, LaFeO3 is existing in nanoparticle form with

more active sites exposed. As a synergistic effect, the

possiblity of RhB reacting with H2O2 on the surface of

LaFeO3/SBA-15 increases, accelerating the reaction rate.

Fig. 4 XPS spectra of (A) La 3d, (B) Fe 2p and (C) O 1s core levels for LaFeO3/SBA-15

Fig. 5 Degradation activity of the series investigated LaMO3 cata-

lysts for RhB oxidation using H2O2 as oxidant. Reaction conditions:

0.1 g catalyst; 1 mL H2O2 (30 %, w/w); 50 mL RhB (0.02 mmol/L)

Oxidative Degradation of Organic Dyes 891

123



In order to justify the superiority of LaFeO3/SBA-15

(v.s. bulk LaFeO3) in catalyzing RhB oxidation, we per-

formed additonal experiments by increasing the weight

ratio of RhB to catalyst, from 0.0048 to 0.08. Note: this

time the LaFeO3/SBA-15 sample was also undergone an

adsorption procedure before the catalytic tests, as described

above. The degradation activity for RhB measured under

this condition is presented in Fig. 6B, showing that the

catalytic performances of LaFeO3/SBA-15 is indeed lar-

gely improved compared to that of bulk LaFeO3. This

result also implies that LaFeO3/SBA-15 has strong ability

to oxidize high-concentration RhB solution.

Stability of LaFeO3/SBA-15 for RhB oxidation was tested

to check if the catalyst could be cycled for industrial appli-

cation. After the reaction, the catalysts were filtered, dried in

an oven at 100 �C for several hours, and then put to a new

batch of RhB solution, with the same procedure as that for the

fresh catalyst. The amount of catalyst in each run was bal-

anced to 0.1 g by adding a few amount of used catalysts that

were obtained from parallel experiments. Figure 6C shows

the oxidation activity measured at 120 min from different

cycles. No appreciable loss in the activity is observed even

after four cycles, indicating that the LaFeO3/SBA-15 is sta-

ble and has good reusability for RhB oxidation. XRD pat-

terns also confirm that the structure of LaFeO3/SBA-15 is not

destroyed even after the catalyst was cycled for four times

(Figure S3).

Since the wastewater discharged from different types of

industrial plants may have a wide range of pH values,

which is a crucial parameter influencing the activity of

Fenton-like catalysts for RhB oxidation, we investigated

the effect of pH value on the catalytic performances of

LaFeO3/SBA-15 for RhB oxidation. The pH value of RhB

solution after the addition of 1 mL H2O2 is measured to be

5.56, and a desired pH value is adjusted by adding 2 M

H2SO4 or NaOH to the solution. Figure 7A shows the

change of oxidation activity as a function of pH value,

measured at reaction time of 100 min. Only a small change

in the activity is observed and the activity remains above

93 % throughout the pH ranges, from 2.28 to 10.26, indi-

cating that the catalyst has strong resistance to pH in cat-

alyzing RhB oxidation. Nevertheless, there has a trend that

the activity decreases at pH [ 9.0, indicating that high pH

value would restrain or even block the the reaction to

proceed. This is in accordance to the phenomenon observed

elsewhere [19].

Effect of H2O2 dosage on the degradation activity of

LaFeO3/SBA-15 for RhB oxidation was also investigated,

with the aim of optimizing the H2O2 amount used for the

reaction. Figure 7B shows the change in the degradation

Fig. 6 Degradation activity of LaFeO3/SBA-15 and LaFeO3 for RhB

oxidation as a function of reaction time, with weight ratio of RhB to

catalyst at (A) 0.0048 and (B) 0.08; (C) Long-term stability of

LaFeO3/SBA-15 catalyst for RhB oxidation. Reaction condition:

weight ratio of RhB to catalyst is 0.0048; 120 min

Fig. 7 Effect of (A) pH and

(B) H2O2 dosage on the

degradation activity of LaFeO3/

SBA-15 for RhB oxidation.

0.1 g catalyst; 50 mL RhB

(0.02 mmol/L)
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activity of LaFeO3/SBA-15 for RhB oxidation with the

H2O2 amount, measured at reaction time of 60 min. The

oxidation activity is only 15.0 % in the absence of H2O2,

but significantly increases when 0.2 mL of H2O2 (30 %,

w/w) is added to the reaction. The increase is minor with

the further increase of H2O2 amount. Actually, the oxida-

tion activity is slightly decreased after addition of 0.8 mL

of H2O2. These results indicate that 0.2 mL of H2O2 is

adequate for RhB oxidation in this study. Decrease of

activity at large amount of H2O2 has also been observed

and explained in previous literature [42], which supports

our results.

In order to check if any Fe3? ions are dissolved during

the reaction, acting as homogeneous catalyst for RhB

oxidation, we performed atomic absorption spectrometry

(Fe lamp, Shimadzu AA-6300) on the filtered aqueous

solution after reaction. Results showed that Fe element

could not be detected in this measurement, suggesting that

Fe3? ion is not dissolved in the reaction or the amount is

too low to be detected. Consequently, we consider that

LaFeO3/SBA-15 is a very stable and active catalyst for

RhB oxidation using H2O2 as oxidant.

In addition, we performed high performance liquid

chromatography (HPLC, Varian Prostar 210) to check if

RhB is degraded after the reaction. 4 mL of aliquots were

extracted at different reaction time, i.e., 0 min, 100 min and

120 min, and then subjected to analyze by HPLC. Results

showed that one strong peak attributable to RhB appeared at

the beginning, but was disappeared at reaction time of

120 min, Figure S4, suggesting that RhB is completely

degraded after the reaction. No effort on analyzing the

reaction products was tried as their identification is difficult.

In the end, catalytic performances of LaFeO3/SBA-15

for a variety of organic dyes are also investigated, to check

its applicability for different dyes. Reactive brilliant red

X-3B, direct scarlet 4BS and MB, which are common but

important dyes used in industrial plants, were used for

study. The concentration of each dye is 0.02 mmol/L. The

catalytic tests were done after their adsorption on LaFeO3/

SBA-15 reaches equilibrium, similar as that for RhB.

Figure 8 shows the oxidation activity of LaFeO3/SBA-15

for the several organic dyes, measured at reaction time of

60 min. The oxidation activity for RhB and MB is 80 and

66 %, respectively, while that for X-3B and 4BS is similar,

around 42 %. This indicates that the LaFeO3/SBA-15 is

more favorable for catalyzing RhB oxidation. Meanwhile,

it also shows considerable activities for other dyes,

potentiating its wide applications to different dyes.

4 Conclusions

Supported perovskite oxide, LaFeO3/SBA-15, which com-

bines the advantages of LaFeO3 for catalytic oxidation and

mesoporous material SBA-15 for dye adsorption, exhibit

large adsorption capacity and high catalytic performances

for dye oxidation using H2O2 as oxidant. XRD and N2

physisorption measurements indicate that the catalyst has

LaFeO3 perovskite structure and the ordered mesoporous

structure of SBA-15 is not destroyed after the deposition of

LaFeO3; TEM image shows that the LaFeO3 particles are

well dispersed on SBA-15, with particle size of 10–20 nm;

while XPS measurement suggests that the main chemical

valences of La and Fe are ?3 and there have large amounts

of oxygen vacancies on the surface. This catalyst is very

stable and exhibits high activity for RhB oxidation, and can

be reused for at least four times without appreciable loss in

the activity. Investigations on the effect of pH value and

H2O2 amount indicate that the catalyst has wide working pH

ranges (from 2 to 10) and 0.2 mL of H2O2 (30 %, w/w) is

adequate for 50 mL 0.02 mol/L RhB oxidation. Compara-

tive tests on various organic dyes indicate that LaFeO3/

SBA-15 is more favorable for RhB oxidation, meanwhile

also exhibits considerable activity for other dyes, such as

reactive brilliant red X-3B, direct scarlet 4BS and MB,

showing promising applications for industrial use.
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