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Black 5  

Yan Wanga,b,  Jianfei Wanga,b, †,  Haimin Zoua,b,  Yue Xiea,b   

Abstract: Fe-Mn/γ-Al2O3 catalyst was prepared by wet impregnation method and used for the 
degradation of Reactive black 5 (RB5) as an activator of hydrogen peroxide (H2O2). The prepared 
catalyst was characterized with XRD, FTIR and SEM-EDS. The results showed that Al2O3 could 
effectively restrain Fe and Mn. The catalytic activity of Fe-Mn/γ-Al2O3 was significantly higher than that 
of pure γ-Al2O3, Fe/γ-Al2O3, and Mn/γ-Al2O3. After four reuses, Fe-Mn/γ-Al2O3 maintained high 
catalytic activity and approximately 98% of the color removal was reached after 75 min reaction. Effects 
of important operational parameters such as initial pH of solution, H2O2 amount, and catalyst addition on 
the decolorization efficiency were investigated. The results displayed that the RB5 discoloration 
efficiency increased firstly and then decreased with increasing H2O2 concentration and pH, as well as 
increased firstly and then maintained stability with increasing catalyst addition. The best decolorization 
efficiency (98.02%) was obtained at pH = 3, H2O2 amount = 7 mmol L-1, catalyst addition = 2.5 g L-1 for 
initial RB5 concentration of 50 mg/L. Finally, the TOC removal was only 39.60% after 75 min reaction, 
prolonging the reaction time to 160 min, 62.23% of TOC removal efficiency could be achieved under the 
optimal operational parameters.  
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1. Introduction 

 In recent years, the pollution of water resources by huge 
amount of dye wastewater generated from textile dyeing, leather, 
paper, pharmaceutical and food industry, which has become a serious 
environmental problem and has attracted increasing attention.1-3 
Because dye wastewater contains many kinds of hazardous organic 
compounds, which are highly soluble in water and difficult to 
degradation by biological treatment processes.4,5 Moreover, more 
than 50% of dyes used in the textiles industries is azo dyes, 
characterised by one or more azo bonds (–N=N–) in association with 
one or more aromatic systems and auxochromes (–OH, –SO3, 
etc.).3,6-7 The azo group is responsible for producing the colour while 
auxochromes enhance the affinity of the dye towards water,8,9 which 
would resulted in high dye concentration and strong biological 
toxicity. However, the organics in dye wastewaters from dyeing and 
related industries cannot be effectively treated by conventional 
biological processes due to biological toxicity of these pollutants.10-

12 In order to comply with environmental regulations, it is important 
and urgent to dispose dye wastewater in a proper and efficiency way. 

Advanced oxidation processes (AOPs), based on generation and 
utilization of reactive species, are considered as one of the most 
effective and promising methods for degradation of toxic and/or bio-
refractory organic pollutants in wastewater and have received the 
increasing attention.13,14 Hydroxyl radicals (•OH), one of reactive 
species, have a high standard oxidation potential and react none 
selectively  as well as are concerned by many researchers.13-15 
Among AOPs, H2O2 as one of powerful oxidants, has been used for 
the degradation of dye wastewater in presence of transition metal salt 
or oxides.2-3,16-17 Compared with metal salt, metal oxides are the 
better candidate for the practical application in wastewater treatment 

due to their easily separation. Particularly, Fe-containing oxide 
catalysts have been investigated widely for chemical activation of 
H2O2 due to their friendly to environment and inexpensive operating 
cost, such as goethite,3,16-17 α-Fe2O3,

18 CuFeO2,
15 LaFeO3

19 and 
BiFeO3

19 . However, many catalysts showed difficulty for recovery 
or low activities or strong iron leaching due to low pH, which 
resulted in secondary pollution.20,21 Among various transition metal 
catalysts, Mn was considered as a promising candidate due to the 
reason that Mn-containing oxide catalysts had several features,22 
such as (i) remarkable catalytic performances for the decomposition 
of H2O2 in aqueous solution to produce •OH,23,24 (ii) Mn(II) could 
enhance the catalytic oxidation of Fe(III)/H2O2 system.25,26 
Therefore, Fe and Mn bimetallic catalyst were introduced to 
overcome the drawback of Fe containing oxide catalysts and 
improve the utilization of Fe containing oxide catalysts.27,28 

However, the effective approaches for their aggregation are the 
bottleneck for their practical applications.21 Thus, to its aggregation, 
Fe and Mn bimetallic metal oxides are usually deposited on a solid 
support with a larger surface area. Al2O3 as a solid support of 
catalyst has been used for advanced oxidation of organic pollutants 
due to their abundant, inexpensive, environmentally friendly and 
high surface area. 29-32 Although many dispersed states of a 
supported single metal oxide were reported,30-32 there was little 
literatures about supported dual metal oxides as heterogeneous 
Fenton catalyst for the degradation of azo dye.5,27,33  

Herein, the supported dual metal oxides Fe-Mn/γ-Al2O3 was 
prepared as heterogeneous Fenton catalyst for the degradation of azo 
dye Reactive Black 5 (RB5) in this study. The catalyst was 
characterized by X-ray diffraction (XRD), fourier transform infrared 
spectrometer (FTIR) and scanning electron microscope (SEM). The 
efficiency and stability of Fe-Mn/γ-Al2O3 for the degradation of RB5 
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dye in a heterogeneous system were evaluated. The mineralization of 
RB5 in terms of total organic carbon (TOC) removal and the effects 
of operating conditions such as Fe-Mn/γ-Al2O3 addition rate, H2O2 
concentration and initial pH on color removal were analyzed.  

2. Experiment 

2.1 Materials 

Reactive black 5 (RB5) was purchased from Shanghai Shiyi 
Chemicals Reagent Co. Ltd. (China) and used as received. Hydrogen 
peroxide (analytical, grade, 30%, w/w), MnSO4 and FeCl3 were 
obtained from Shanghai Sinopharm Chemical Reagent Co., Ltd and 
used as received. γ-Al2O3 powder was obtained from Shanghai 
Sinopharm Chemical Reagent Co., Ltd and before use. All solution 
was prepared with deionized water. 

2.2 Catalyst preparation and oxidation procedure 

The catalyst was prepared by a wet impregnation method.34 1 g 
γ-Al2O3 supporter was placed in 500 mL beaker with containing 250 
mL mixed solution consisted of 0.05 mol L-1 MnSO4 and/or 0.05 
mol L-1 FeCl3. The mixed solution was kept at room temperature 
under magnetic stirring for 24 h. Then the mixed solution was 
filtered through 0.45 µm membranes, and the solid was washed with 
deionized water to neuter. Then the solid material was dried at 110ºC 
for 2 h under vacuum conditions. Finally, the collected powder was 
calcined in a muffle furnace at 450ºC for 3 h and Fe-Mn/γ-Al2O3 
was obtained.  

In all experiments, a stock solution of RB5 was prepared fresh 
before each run and the initial RB5 concentration was kept at 50 mg 
L-1. The solution pH was measured with a Mettler Toledo FE20 pH-
meter. Batch experiments were performed in the glass reactor 
containing 200 mL solution, which was similar to our previous 
study.3 A given amount of H2O2 and Fe-Mn/γ-Al2O3 were added 
simultaneously into the reactor. A magnetic stirrer provided 
complete mixing of the solution in the reactor. At pre-selected time 
intervals, samples were removed by a syringe and filtered through 
0.22 µm membranes before the RB5 concentration was measured. 

2.3 Analysis methods 

The absorbance of RB5 was measured at λmax = 591 nm using 
a Shimadzu UV-1700 spectrophotometer. Total organic carbon 
(TOC) was analyzed using a TOC analyzer (Shimadzu TOC-L) to 
evaluate the mineralization of RB5. 

The leaching concentrations of Fe and Mn were determined by 
an atomic absorption spectrophotometer (AAS, ZEEnit700). The 
concentration of H2O2 was determined by titanium oxalate 
spectrophotometric method.3,35-36  

The morphology of the catalyst were carried out using a 
scanning electron microscope with energy dispersive spectra for the 
atomic composition of catalyst surface (SEM-EDS, Zeiss EVO LS-
185, The England). X-ray diffraction (XRD) patterns were recorded 
on a D/Max-2550 PC diffractometer in θ–2θ configuration to 
identify the crystal phase and structure. The wide angle data were 
collected from 20◦ to 90◦ on 2θ scale,when the operated condition 
was set at 36 kV/24 mA, using CuKα1 radiation with a wavelength of 
1.5406Å. 

The infrared spectra of synthesized Fe-Mn/γ-Al2O3 were 
recorded on KBr pellets by a Fourier transform infrared spectrometer 
(FTIR, Nicolet Avatar 330). To avoid moisture, KBr pellets were 
prepared by pressing mixtures of dry powered sample and 
spectrometry-grade KBr under vacuum. 150 scans were collected for 

each sample in the range of 400–4000 cm−1 with a resolution of 2 
cm−1. 

3. Results and discussion 

3.1 Characterization and stability of synthesized Fe-Mn/γ-Al2O3 

The XRD analysis is applied to define the structure of γ-Al2O3 
carrier and Fe-Mn/γ-Al2O3 as well as the obtained patterns are 
shown on Fig. 1a. It is obvious that γ-Al2O3 and Fe-Mn/γ-Al2O3 
exhibit similar XRD patterns. It also can be seen from Fig.1a that 
commercial γ-Al2O3 support showed the typical diffraction peaks 
(111), (311),(400) and (440) of γ-Al2O3 with a cubic structure30,37-38 
and the characteristic peaks of γ-Al2O3 at about 38°, 46°, and 67°.39 
After iron and manganese doping, although the structure of γ-Al2O3 
remained intact, the intensities of all these peaks decreased slightly, 
implying the interaction among iron and manganese and γ-Al2O3. 
Iron and manganese are present in γ-Al2O3 as their oxides under high 
temperature calcination. The Fe–Mn binary oxide particles showed 
no notable peaks, indicating that no crystalline phase was present 
and the Fe–Mn binary oxide particles was too little to cause 
significant changes of XRD peaks. 

Fig.1. 

The FTIR spectra of powder samples are shown in Fig. 1b. 
There is signature of two important bands below 1000 cm−1 in the 
FTIR spectra. The peak around 540 cm−1 corresponds to vibration of 
octahedral manganese–oxygen (Mn–O) bonds and the absorption 
peak at 1058 cm−1 can be possibly attributed to Mn3+–O vibration. 40-

42 The band at 1630 cm−1was assigned to the bending vibration of the 
O–H bonded with Mn atoms.40,43 Meanwhile, the absorption peaks at 
585 cm−1 is assigned to the presence of typical tetrahedral stretching 
characteristic of ferrites when 1360 cm−1 reflects the octahedral sites 
of ferrites.40,44-46 The wide band at 3435 cm−1 was attributed to the 
stretching and bending vibrations of water molecules and hydroxyl 
groups.40,45,47 

SEM images of γ-Al2O3 (Fig. 1c) showed a cubic structure and 
smooth surface. However, SEM photos of Fe-Mn/γ-Al2O3 (Fig. 1c) 
not just showed a cubic structure but also exhibited rough surface 
and bright zones which were confirmed by EDS to be due to local Fe 
and Mn content. The quantitative surface chemical compositions are 
presented in Table 1. The loading amount of Fe and Mn are 7.45 
mol% and 3.05 mol%, respectively, which is proved that Fe and Mn 
are covered on the surface of γ-Al2O3. 

Table1 

3.2 Decolorization of RB5 under different systems 

To evaluate the decolorization efficiency of RB5 under 
differentsystems, H2O2, γ-Al2O3, Fe/γ-Al2O3, Mn/γ-Al2O3, Fe-Mn/γ-
Al2O3, γ-Al2O3/H2O2, Fe/γ-Al2O3/H2O2, Mn/γ-Al2O3/H2O2, Fe-
Mn/γ-Al2O3/H2O2 for the decolorization efficiency were conducted 
and the result was shown in Fig.2a. It can be seen that the 
decolorization efficiency observed was 10.65, 11.78, and 10.79% 
when adding into the RB5 solution with γ-Al2O3, Fe/γ-Al2O3 and 
Mn/γ-Al2O3 alone, respectively. Compared with γ-Al2O3, Fe/γ-Al2O3 
or Mn/γ-Al2O3, the decolorization efficiency of the RB5 solution 
increased slightly with Fe-Mn/γ-Al2O3 alone and was 16.89%, 
indicating the effect of adsorption on RB5 decolorization was not 
notable under the condition investigated.  

Negligible decolorization also occurred when H2O2 alone was 
applied due to its limited oxidation power (E0 = 1.78 V) 3,48 and 
there were 96.02% of H2O2 after 75 min reaction in the reaction 
solution (Fig. 2b), indicating little of H2O2 was decomposed in this 
case. The RB5 removal was only 27% in γ-Al2O3/H2O2 process and 
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the remaining percentage of H2O2 was 92.04%. This may due to the 
weak catalytic activity of γ-Al2O3 for H2O2 decomposition. 
However, both of Fe/γ-Al2O3 and Mn/γ-Al2O3 could catalyze H2O2 
to generate •OH, resulting in 80.59% and 90.95% of decolourization 
efficiency after 75 min reaction through Eqs. (1) and (2):19,28,30,49-50 

≡Fe2+ + H2O2 → ≡Fe3+ + •OH + OH−                      (1) 
≡Mn2+ + H2O2 → ≡Mn3+ + •OH + OH−                   (2) 

where the symbol ≡ represents the metal species bound to the surface 
of the catalyst. Simultaneously, 67.82% and 59.63% were 
decomposed in Fe/γ-Al2O3/H2O2 system and Mn/γ-Al2O3/H2O2 

system, respectively. The RB5 decolorization efficiency increased to 
98.02% and the remaining percentage of H2O2 was 42% in Fe-Mn/γ-
Al2O3/H2O2 process. Compared with Mn/γ-Al2O3 and Fe/γ-Al2O3, 
the RB5 decolorization rate is higher in Fe-Mn/γ-Al2O3/H2O2 
process, indicating the catalytic activity of Fe-Mn/γ-Al2O3 was much 
greater. It is due to two reasons: (i) both of ≡Fe(II) and ≡Mn(II) 
can react with H2O2  to generate active radicals, (ii) ≡Mn(III) 
produced during the reaction process can accelerate the production 
of •OH as the following Eqs.(3)-(5)25,51 and Eq.(1), 

≡Mn(III) + H2O2 → ≡MnO2
+ + 2H+                (3) 

≡MnO2
+ + H+ → HO2

•−/O2
•− + ≡Mn(II)                (4) 

HO2
•− + ≡Fe(III) → ≡Fe(II) + H+ + O2                (5) 

According to Eqs.(1)-(5), ≡Mn(III) promotes the production of 
HO2

•−/O2
•− through a series of reactions involved manganese species, 

•OH, HO2
•−/O2

•− and H2O2. Then, HO2
•−/O2

•− reacts with ≡Fe(III) to 

accelerate the formation of ≡Fe(II), and finally accelerates the 
production of •OH and the degradation of RB5. 
 

Fig.2. 

3.3 Stability of Fe-Mn/γ-Al2O3 catalyst during the heterogeneous 

activation process 

The stability of catalyst is as important as its catalytic activity. 
Therefore, in order to confirm the stability of Fe-Mn/γ-Al2O3, the 
recycle experiments were performed when the pH was 3, Fe-Mn/γ-
Al2O3 addition was 2.5 g L−1, the RB5 concentration was 50 mg L−1 
and the H2O2 concentration was 7 mmol L−1. The experiment of the 
catalytic degradation of RB5 was repeated for four cycles and each 
experiment was lasted for 75 min. The catalyst was easily removed 
from the reactor after each repetitive oxidation process, then washed 
by deionized water, dried in the vacuum oven, calcined in the muffle 
furnace and stored at ambient temperature. As shown in Fig.3a, the 
removal efficiencies of RB5 during four reaction cycles were 
98.02%, 98.06%, 97.95%, and 97.86%, respectively. The 
decolorization efficiencies of RB5 are nearly the same in four 
successive cycles and the remaining percentages of H2O2 in each 
recycle experiment were similar (Fig. 3b). The metal leaching level 
was not obviously changed after four recycle time, with the Fe 
content in the solution at the end of the test almost constant at 0.15–
0.23 mg L-1 as the Mn content at 0.07–0.13 mg L-1. These indicate 
Fe-Mn/γ-Al2O3 is an excellent long-term stable catalyst for the Fe-
Mn/γ-Al2O3/H2O2 system. 

Fig.3. 
3.4 Effect of initial pH on the RB5 decolorization 

The comparison of RB5 decolorization efficiency under 
different initial pH was investigated with Fe-Mn/γ-Al2O3 addition 
2.5 g L−1, the RB5 concentration 50 mg L−1 and the H2O2 
concentration 7 mmol L−1. As can be seen from Fig.4a, the 
decolorization efficiency increased from 87.00% to 98.02% as the 
initial pH value increased from 2 to 3. When pH value was below 3, 
the solution provided a large number of hydrogen ions for H2O2 
transformation into more stable oxoniumion H3O2

+,3,52-53 

H2O2 + H+ → H3O2
+                                                (6) 

On the other hand, hydrogen ion would act as the scavenger of 
hydroxyl radicals at a very low pH,3,54-55 

•OH + H+ + e− → H2O                                                (7) 
where electrons may be gained from ferrous ions.55 Moreover, 
hydrogen ions could restrain the formation of ≡Fe(II) through Eqs. 
(3) and (5), resulting in the generation of •OH. Therefore, the 
decolorization rate decreased as the pH dropped from 3 to 2. 

The decolorization efficiency decreased from 98.02% to 
30.92% when the initial pH value increased from 3 to 9. Based on 
Eqs. (1) and (2), OH− increased with the improvement of the initial 
pH, which would inhibit the •OH generation proved from the 
remaining percentages of H2O2 (Fig.4b). Interestingly, Fe-Mn/γ-
Al2O3 exhibited certain catalytic activity when pH changed from 2 to 
9. Compared with Fe-RHA,56 Fe-Mn/γ-Al2O3 demonstrated higher 
catalytic active in wide range of pH. 

 
Fig.4. 

3.5 Effect of H2O2 concentration on the RB5 decolorization 

As the source of hydroxyl radicals, H2O2 plays a significant role 
in Fe-Mn/γ-Al2O3/H2O2 process, the effect of the H2O2 concentration 
on the degradation of RB5 was also explained by varying the 
concentration of H2O2 from 1.75 to 10.50 mmol L-1, when the pH 
was 3, Fe-Mn/γ-Al2O3 addition was 2.5 g L−1 and the RB5 
concentration was 50 mg L−1, and the result was depicted in Fig.5a.  

As shown in Fig.5a, when H2O2 concentration increased from 
1.75 to 7.00 mmol L-1, the RB5 decolorization efficiency increased 
from 49.92% to 98.02%. Meanwhile, the amount of decomposed 
H2O2 also increased in Fig.5b, indicating more reactive radicals 
would be generated to degrade RB5 at higher H2O2 concentration. 
However, the further increase in H2O2 concentration resulted in a 
decrease of RB5 degradation rates when the H2O2 concentration 
reached 7.00 mmol L−1. This is due to the fact that H2O2 is both of 
the source and the inhibitor for •OH, excess H2O2 competed with 
organic compound for •OH and consumed •OH.19,57 The similar 
phenomenon was reported by Amorim et al when they degraded the 
azo anionic dye Reactive Red 195 with photo-Fenton-like 
processes.58 Therefore, 7.00 mmol L−1 was selected as the optimal 
initial H2O2 concentration and used in the following experiments. 

 
Fig.5. 

3.6 Effect of catalyst dosage on the RB5 decolorization 

The addition dosage of the catalyst would influence the 
decolorization significantly because the catalyst is the source of ≡
≡Fe(II) and ≡Mn(II) which are the major species that could 
activate H2O2 to generate •OH. 3,19,59 The decolorization of RB5 was 
investigated at different dosages of Fe-Mn/γ-Al2O3 catalyst when 
initial pH was 3, the RB5 concentration was 50 mg L−1 and the H2O2 
concentration was 7 mmol L−1. As can be seen in Fig. 6a, the 
decolorization efficiency of RB5 significantly increased from 59.74 
to 98.02% after 75 min reaction when Fe-Mn/γ-Al2O3 addition 
increased from 0.5 to 2.5 g L−1. The increase of Fe-Mn/γ-Al2O3 
dosage corresponds to the increase of the total specific area and 
active sites, resulting in the faster H2O2 decomposition to generate 
more •OH. 58,59 Thus, the remaining percentages of H2O2 decreased 
in Fig. 6b and the removal rate of RB5 was enhanced with increasing 
Fe-Mn/γ-Al2O3 dosage. Although the increase of Fe-Mn/γ-Al2O3 
dosage resulted in the increase of decolorization rate, the 
decolorization efficiency after 75 min reaction was nearly the same 
at the fixed H2O2 concentration, which was approximately 98% as 
illustrated in Fig. 6a. Because the increasing Fe-Mn/γ-Al2O3 dosage 
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could only increase the generated •OH rate and could not improve 
the amount of generated •OH which was only dependent on H2O2 
dosage. However, 7 mmol L−1 H2O2 was sufficient to generate •OH 
when only decolorization was concerned.  

 
Fig.6. 

3.7 The decolorization and mineralization of RB5 with reaction 

time 

As is known to all, complete decolorization of dye did not mean 
that the dye was completely oxidized to CO2, H2O, and so on.3,60 
According to the previous reports,55, 61 the only decolorization of 
RB5 could be described by equation below, 
C26H21N5Na4O19S6 + •OH  
→ C26H21N5Na4O19S6(─OH) + oxidized intermediates + CO2        (8) 

On the basis of this equation, there were only 0.05 mmol L−1 of 
H2O2 theoretically for complete decolorization of 50 mg L−1 RB5. 
But when mineralization was concerned, the following mechanism 
could be suggested for the decomposition of RB5, 
C26H21N5Na4O19S6 + 82.5H2O2 → 26CO2 + 93H2O +5NO3

─  
 +6SO4

2─ + Na+          (9) 
Then 4.16 mmol L−1 of H2O2 were theoretically needed to 

completely decompose 50 mg L−1 RB5, which would be much more 
than that needed to completely bleach RB5. Thus, the mineralization 
of RB5 in terms of TOC removal was investigated. As can be seen in 
Fig. 7, the mineralization of RB5 was investigated by Fe-Mn/γ-
Al2O3/H2O2 process. Though the decolorization efficiency could 
reach 98.02% after 75 min reaction, only 39.60% TOC removal was 
obtained. This indicated most of RB5 was converted to smaller 
intermediates. When the reaction time was prolonged to 160 min, 
62.23% of TOC removal efficiency could be achieved when the 
H2O2 concentration was 7 mmol L−1 which was much more than 
theoretical H2O2 concentration 4.16 mmol L−1. Therefore it could be 
expected that more aggressive conditions and more reaction time are 
required to achieve higher TOC removal than those employed to 
simply break the chromophore group. 

Fig.7. 

4. Conclusions 

This study showed that the heterogeneous activation process is 
effective for the decolorization of RB5. The bimetallic Fe-Mn/γ-
Al2O3 catalyst behaves as efficient and stable catalyst for the 
heterogeneous oxidation of RB5. The optimal conditions for 
efficient RB5 degradation were pH 3, H2O2 concentration 7 mmol 
L−1, and catalyst loading 2.5 g/L. Under the conditions above, the 
decolorization efficiency was 98.02% after 75 min reaction and TOC 
removal was 62.23% within 160 min. Consequently, the coupled Fe-
Mn/γ-Al2O3/H2O2 system appears as a promising process for the dye 
wastewater treatment.  
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Fig. 1. (a) XRD pattern of γ-Al2O3 and Fe-Mn/γ-Al2O3, (b) FTIR spectra of Fe-Mn/γ-Al2O3 (c) 

SEM images of γ-Al2O3 and SEM images with EDS of Fe-Mn/γ-Al2O3.  
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Fig. 2. (a) Degradation of RB5 under different conditions, (b) the remaining percentages of H2O2 

([RB5] = 50 mg L
-1

, [H2O2] = 7 mmol L
-1

, pH = 3, [Fe-Mn/γ-Al2O3] = 2.5 g L
-1

). 

 

0 20 40 60 80

0

20

40

60

80

100

C
o
lo

r 
re

m
o
v
a
l 

e
ff

ic
ie

n
cy

/%

t(min)

First run

a

0 20 40 60 80

Second run

 

 

0 20 40 60 80

Third run

 

 

0 20 40 60 80

Fourth run

 

 

 
1 2 3 4

0.0

0.1

0.2

0.3

0.4

0.5

0.6

[H
2
O

2
]/

[H
2
O

2
] 0

Run

b

 

Fig. 3. (a) The reusability of Fe-Mn/γ-Al2O3, (b) the remaining percentages of H2O2 ([RB5] = 50 

mg L
-1

, [H2O2] = 7 mmol L
-1

, pH = 3, [Fe-Mn/γ-Al2O3] = 2.5 g L
-1

). 
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Fig. 4. (a) effect of pH on the RB5 decolorization, (b) the remaining percentages of H2O2 ([RB5] = 

50 mg L
-1

, [H2O2] = 7 mmol L
-1

, [Fe-Mn/γ-Al2O3] = 2.5 g L
-1

). 
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Fig. 5. (a) effect of H2O2 concentration on the RB5 decolorization, (b) the remaining percentages 

of H2O2 ([RB5] = 50 mg L
-1

, pH = 3, [Fe-Mn/γ-Al2O3] = 2.5 g L
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). 
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Fig. 6. (a) effect of catalyst addition on the RB5 decolorization, (b) the remaining percentages of 

H2O2 ([RB5] = 50 mg L
-1

, [H2O2] = 7 mmol L
-1

, pH = 3). 

0 20 40 60 80 100 120 140 160

0

20

40

60

80

100

R
em

o
v
al

 e
ff

ic
ie

n
cy

/%

t(min)

 RB5

 TOC

 

Fig. 7. The decolorization and mineralization of RB5 with reaction time ([RB5] = 50 mg L
-1

, 

[H2O2] = 7 mmol L
-1

, pH = 3, [Fe-Mn/γ-Al2O3] = 2.5 g L
-1

). 
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Table 1 

The surface atomic composition of Fe-Mn/γ-Al2O3 

 

 

 

Element Weight % Atomic % 

O 33.75 43.12 

C 19.21 32.73 

Fe 20.40 7.45 

Al 16.66 12.62 

S 1.78 1.06 

Mn 8.20 3.05 
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