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1. Introduction 

Wastewater from the textile industry not only visually interferes with the quality of water bodies 
(color) but can also block the passage of light in water, which inhibits biological processes in water 
bodies [1]. One alternative for processing textile waste with low operational costs is the Advanced 
Oxidation Process (AOP) method which can degrade hazardous compounds in waste through an 
oxidative degradation process [2, 3]. Advanced Oxidation Process (AOP) technology is one or a 
combination of several processes such as ozone (O3), hydrogen peroxide, ultraviolet light, titanium 
oxide, photocatalyst, sonolysis, electrical discharge, and several other processes to produce active 
radicals [4, 5]. These active radicals easily react with any organic compound without exception, 
especially organic compounds that have been difficult or cannot be decomposed by microbiological 
methods or membrane filtration. In addition, the final product of the oxidation process is only carbon 
dioxide and water, so it is less dangerous if discharged into water bodies [6-8]. 

Therefore, in this study, the AOP process will be carried out on the water that has been added 
with azo dye, namely Methylene Blue (MB) with a certain concentration, then analyze the results of 
the process. In the process, the AOP will be applied by combining PMS (2KHS5.KHSO4.K2SO4) and 
a catalyst in the form of Mn/Carbon sphere nanoparticles. The combination will produce free radical 
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 One of the latest innovations in textile waste treatment is advanced 
oxidation processes (AOPs) methods using an oxidizing agent capable 
of producing sulfate radicals (SO4). This study aims to determine the 
activity of the Mn/Carbon sphere catalyst in the oxidation process, 
reduce the dye content by using a combination of peroxymonosulfate 
(PMS) and Mn/Carbon sphere catalyst as an oxidizing agent, and 
determine the optimum conditions in the process of reducing dye levels 
in the water. A hydrothermal process carried out the catalyst synthesis 
process to produce black carbon from D-glucose solution, then 
impregnated with variations of 3% and 5% of Mn metal. The 
degradation of methylene blue (artificial waste) of 25 mg/L (1:10 
dilution) was carried out for 120 minutes with variations in the catalyst 
mass of 0.001, 0.002, 0.003, and 0.004 g and the mass of PMS 0.01, 
0.02, 0.03, and 0.04 g in 100 ml sample. Mn/Carbon sphere catalyst 
was able to activate PMS and degrade methylene blue by 88.16%. The 
optimum condition for reducing the methylene blue levels in the water is 
at a concentration of 1 g/L PMS and an Mn/Carbon sphere catalyst (5% 
Mn metal) 0.5 g/L with an efficiency of 88.16%.  
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sulfate (SO4•), breaking the dye molecules in water. This combination is expected to effectively 
reduce the levels of dyes and organic compounds in wastewater. 

Therefore, in this study, the AOP process will be carried out on the water that has been added 
with azo dye, namely Methylene Blue (MB) with a certain concentration, then analyze the results of 
the process. In the process, the AOP will be applied by combining PMS (2KHS5.KHSO4.K2SO4) and 
a catalyst in the form of Mn/Carbon sphere nanoparticles. The combination will produce free radical 
sulfate (SO4•), breaking the dye molecules in water. This combination is expected to effectively 
reduce the levels of dyes and organic compounds in wastewater. 

2. Research Methodology 

2.1. Materials 

The Materials used are D-glucose (Merck), methylene blue (Merck), peroxymonosulfate 
(oxone®, Dupont’s triple salt:  2KHSO5.KHSO4.K2SO4) obtained from Sigma-Aldrich, Manganese 
(II) nitrate tetrahydrate (Mn(NO3)2.4H2O) obtained from Sigma-Aldrich. 

2.2. Procedures 

2.2.1. Catalyst synthesis 

7.24 g of D-Glucose (99.5%) was mixed with 80 ml of water and stirred for 4 hours. Then the 
mixture was transferred to a Teflon-line autoclave and heated for 18 hours at 180 oC. After that, the 
black suspension was filtered and washed. The carbon material was then dried at 120 oC for 12 
hours. Furthermore, this carbon material is mixed with Manganese (II) nitrate hexahydrate 
(Mn(NO3)2.6H2O as much as 3 or 5% of the total mass of black solids, then stirred for 24 hours and 
dried. Next, the material is calcined in a tube furnace at 500 oC for 4 hours in N2. The obtained 
material is denoted Mn/Carbon. 

2.2.2. Catalyst oxidation 

The catalytic oxidation of dyes was 100 ml, with a concentration of 25 mg/L, and the catalyst 
was Mn/Carbon sphere with the variation of 0.001-0.004 g. Samples were taken as much as 5 ml 
each time interval for 120 minutes. Then the sample was centrifuged at 3000 rpm for 5 minutes to 
precipitate the catalyst. Then the solution was analyzed by UV-Vis spectrophotometer. Research 
procedures are written in this part. 

3. Results and Discussion 

3.1. Characterization of the catalyst 

The Mn/Carbon sphere catalyst characterization was carried out using the X-Ray Diffraction 
(XRD) method. The results of the XRD analysis for the Mn/Carbon sphere catalyst can be seen in 
Figure 1 below. 
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Fig.1. XRD pattern of the catalyst Mn/Carbon sphere Composite. 

Based on the XRD analysis that has been carried out, the peak number at 2θ of the compounds 
contained in the catalyst can be seen in figure 1. Carbon structure is found at position 2θ: 43,453o 

[11, 12]. According to JCPDS no. 41-4187. As for the Manganese oxide compound based on JCPDS 
no 80-1098, located at 2θ position: 44,411o, and 81,489o [13]. 

3.2. The effect of the Mn loading of the catalyst 

In the AOPs stage, we studied the effect of the metal percentage weight ratio of the catalyst. The 
catalyst synthesis is the impregnation method, whereby varying the mass percentage of Mn metal as 
the metalcore. The process is done by varying 3% Mn metal and 5% Mn metal from the total mass 
of carriers which is carbon material. The effect of the % mass ratio of Mn metal used as a catalyst 
for the oxidation process can be seen in Figure 2. 
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Fig.2. Degradation performance of the Mn/Carbon sphere catalyst at different Mn content. MB = 25 mg/L, 
catalyst loading = 0.1 g/L, PMS loading = 1.0 g/L, and T = 25 °C. 

From Figure 2, it can be seen that there was a decrease in the concentration of methylene blue for 
each variation of the concentration of the Mn/Carbon sphere catalyst and without a catalyst. The 
process is assisted by adding additional oxides in the form of oxone (PMS). The 5% Mn/Carbon 
sphere catalyst variation is more effective than the 3% Mn/Carbon sphere catalyst. The decrease in 
MB concentration on 5% Mn/Carbon sphere catalyst reached 64.85%. The 3% Mn/Carbon sphere 
catalyst has an efficiency of 59.81%, while the uncatalyzed process has 50%. 



ISSN 2355-8776 Chemica: Jurnal Teknik Kimia 91 
 Vol. 8, No. 2, December 2021, pp. 88-92 

 Yusnimar et.al (Mn/Carbon Sphere Catalyst For Heterogeneous Activation of …) 

From this data, the addition of metal to the catalyst matrix increases the effectiveness of the 
catalyst performance. This can be explained because the dominant role of electron charge transfer is 
metal species in the catalyst matrix (Mn) in this AOP process. As is known, the AOP reaction of 
PMS activation using Mn metal is as follows [14, 15]. 

HSO5
- + 2MnO2  SO5

-∙ + OH- + Mn2O3   (1) 

HSO5
- + 2Mn2O3  SO4

-∙ + H+ + MnO2    (2) 

SO4
-∙ + H2O  ∙OH + H+ + SO4

2-    (3) 

OH- + SO4
-∙ + MB (several steps)  CO2 + H2O + SO4

2-  (4) 

3.3. The effect of the PMS concentration. 

To see the performance of the catalyst, an oxidation reaction was carried out at the lowest 
concentration of PMS, which is at the mass of 0.01 g PMS. The variations in the Mn/Carbon sphere 
catalyst mass of 0.001 g, 0.002 g, 0.003 g, and 0.004 g for the experiment. Test the catalytic 
properties of the catalyst used can be seen in Figure 3. 
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Fig.3. Degredation performance of the Mn/Carbon sphere catalyst at different catalyst mass MB = 25 mg/L, 
PMS loading = 1.0 g/L, and T = 25 °C. 

Based on Figure 3, it can be seen that the effect of variations in the concentration of the 
Mn/Carbon sphere catalyst is directly proportional to the efficiency of the removal of dye 
(methylene blue). At 0.001g of Mn/Carbon sphere catalyst in 100 ml of sample, it reduced 
methylene blue by 64.85%. The addition of a catalyst of 0.002 g was able to reduce methylene blue 
by 81.75%, the addition of a catalyst of 0.003 g was able to reduce methylene blue by 85.44%. In 
comparison, the addition of a catalyst of 0.004 g reduced methylene blue by 88.16%. Based on the 
explanation from Figure 3, it can be concluded that the optimum mass of Mn/Carbon sphere catalyst 
to degrade or reduce methylene blue dye is 0.004 g with a decrease in concentration from 25 g/L to 
2.96 g/L with an efficiency of 88.16%. Adding the amount of catalysts will increase the number of 
active sites for the radical generation process. This is directly correlated with the increase in 
efficiency of the photocatalyst process. It is evident from the significant increase in the degradation 
percentage from 64.85% to 88.16% under the same reaction conditions. 

4. Conclusion 

In summary, we have prepared a carbon-based catalyst material with Mn metal composites that 
were varied based on the percentage of catalyst weight. Mn, as much as 3% and 5% of the total 
percentage of catalyst was added to the carbon matrix by impregnation. These two catalysts were 
then used to degrade methylene blue (MB) solution by AOP with a PMS oxidant. The results 
obtained are 5% Mn/Carbon sphere catalyst has an optimum yield of 88.16% with reaction 
conditions of 1 g/L PMS and 0.5 g/L catalysts. The catalysis process is carried out for 120 minutes. 
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