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Abstract – MnO2 exhibits excellent catalysis properties. In 

this work, nano MnO2 catalysts were synthesized from 

manganese sulfate and potassium permanganate by the co-

precipitation method at room temperature. The 

characterization of the product was performed by Brunauer-

Emmett-Teller (BET), X-ray diffraction (XRD), energy 

dispersive analysis of X-rays (EDX), scanning electron 

microscopy (SEM), and transmission electron microscopy 

(TEM). The results showed that this material had a small 

particle size about 0.5 µm and surface area about 113.0601 

m2/g. The wastewater samples taken from Duong Lieu 

Agricultural Processing Village after wastewater treatment 

system were treated with nano MnO2 catalysts in the 

laboratory. The results showed that the ozonation with nano 

MnO2 catalyst occurred rapidly than ozonation reaction 

without catalyst. In these treatment, the catalytic ozonation 

with 0.02 g/l could reduce the COD demand from  3814.27 mg/l 

to 66.14 mg/l with 98.27% efficiency. Therefore, the ozonation 

with nano MnO2 catalysts can be considered as an effective 

and feasible means for treating the organic compounds in 

wastewater. 
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I. INTRODUCTION 
 

Nowaday, the population has been growth, the demand 

for food of human are increasing. The agricultural 

processing villages in Viet Nam increasing in terms of 

quantity and production scale: Noodle processing in Phu 

Hung village, Binh Tan commune, Tay Son district, Binh 

Dinh province; Noodle processing in Thanh Luong village, 

Bich Hoa commune, Thanh Oai district, Ha Noi capital; 

Sausages in Tan Uoc village, Thanh Oai district, Ha Noi 

capital… Production facilities in craft villages are often 

small, spontaneous and on a household scale. Therefore, the 

problem of environmental treatment is more difficult, 

leading to serious environmental pollution problems. The 

concentration of pollutants in wastewater are quite high, 

exceed the allowed standard BOD5 = 2926.5 mg/l, COD = 

4378 mg/l, NH4
+ = 59.28 mg/l, PO4

3- = 16.73 mg/l [1]. 

Therefore, effective measures should be taken to protect the 

environment. 

There are alots of methods for treating organic 

compounds in wastewater that have been applied such as 

adsorption, flocculation, oxidation…In which, ozonation is 

one of the oxidation processes used for industrial 

wastewater treatment in which ozone molecules break 

down recalcitrant and toxic organic compounds into smaller 

 molecules. The ozonation reaction is accomplished 

through two pathways: direct ozone oxidation and indirect 

free hydroxyl radical oxidation in the surface of catalysts 

[2] among which the latter appears to be more effective to 

treat various types of organic compounds. Many catalysts 

including metals, metal ions and metal oxides have been 

used for enhancing the activation of ozonation process, such 

as homogenous metal ions (Fe (II), Fe (III), Cu (II), Mn (II), 

Co (II), carbon aerogel, nano Fe, Fe/MgO, TiO2 and MnO2 

[2, 3, 4, 5, 6]. Among these transition metal oxides, nano 

MnO2 is one of the catalysts attracting the most attention 

due to their unique properties such as high activity, low 

cost, nontoxicity, high specific capacitance, rich structures 

and morphologies and have been widely used in the fields 

of supercapacitors, catalysis, Li batteries and chemical 

sensing. There were also many investigations to improve 

nano MnO2 catalytic activity by combination with other 

materials [2, 4, 5]. 

In this research, the nano catalyst MnO2 was synthesized 

and used as the reactive support and compared with free-

radical initiator for ozonation of the organic compounds in 

Duong Lieu agriculture processing village, Ha Noi capital, 

Viet Nam. 

 

II. MATERIALS AND METHODS 
 

A. Materials 
The raw materials for synthesizing nano MnO2 samples: 

Potassium permanganate (KMnO4), manganese sulfate 

monohydrate (MnSO4. H2O) with analytical grade. The 

double-distilled deionized water was used throughout this 

study. 

B. Synthesis of Nano MnO2 Catalyst 
Nano MnO2 catalyst was synthesized by co-precipitation 

method. First, 0.507g MnSO4. H2O was dissolved in 100 ml 

of deionized water. Then, 0.316g KMnO4 was dissolved in 

100 ml of deionized water to form two homogeneous 

solutions, respectively. After that, the solution of potassium 

permanganate slowly droped into manganese sulfate 

solution by magnetic stirring; the speed was three drops per 

minute. The solution was further stirred for 15 minutes. The  

reactor was kept for 24 hours and the final product was 

obtained. Then the brown-black products were formed and 

washed with deionized water for several times. Finally, the 

products were dried in 1050C for 2h. 

C. Characterization of Nano MnO2 Samples 
The surface area and pore distributions of the material 
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sample were determined by a Beckman Coulter SA3100 

surface area analyzer based on the nitrogen adsorption-

desorption isotherm at the temperature of liquid nitrogen (-

196oC). The crystalline structure of MnO2 catalyst was 

chareacterized by X-ray diffraction (XRD) technique using 

a Bruker B8 Advance X-ray powder diffractometer. The 

elemental composition analysis was performed by Energy 

dispersive analysis of X-rays (EDX, Varian Vista Ax). The 

size and morphology of materials were examined using 

scanning electron microscopy (SEM, Hitachi S-4800FEG) 

and transmission electron microscopy (TEM, Philips 

Tecnai G220 S-TWIN). 

D. Sampling and Analysis Methods 
The wastewater samples were taken from a household in 

the rice starch processing craft at Duong Lieu agricultural 

processing village, continuously for 30 days from May, 16th 

to June 14th. The samples were analyzed to determine the 

components in waste water (Table 1). The samples were 

filled in a PET bottle that was cold stored during transport 

and the kept in a laboratory freezer. Analysis results were 

compared with QCVN 40: 2011/BTNMT - National 

Technical Regulation on Industrial wastwater. Column B - 

Industrial wastwater discharged into receiving waters not 

used for domestic purposes. 

 

Table 1. Indicators and methods of analysis 
Parameter Units Analytical Methods 

pH - Measured by pH meter 

BOD5 mg/l Azid methods advance 

COD mg/l Potassium bicromatate 

methods 

Total Suspended Solids 

(TSS) 

mg/l Mass methods 

Total Phosphorus (TP) mg/l Ascobic acid methods 

Total Nitrogen (TN) mg/l Kjeldahl methods 

 

E. Catalytic Ozone Degradation of Organic 

Compounds in Wastewater 
A typical procedure for selective catalytic oxidation of 

organic compounds in wastewater: 1000 ml wastewater  

were put  into glass beakers at room temperature. Then nano 

MnO2 was added as catalysts and ozone was supplied in the 

aerated condition about two liters per minute. The effect of 

reaction time and catalytic concentration on the efficiency 

of organic matter treatment in wastewater samples was 

recorded (Table 2). To ensure the reproducibility of data, 

each experiment was conducted in duplicate and the 

average of the three measurements was computed. 

Ozone was produced by an ozonizer (A-Ozone Sachben 

S5, Viet Nam) supplied with oxygen (2 scfm). The ozone  

in the inlet gas stream was analyzed by iodometric titration 

and was found to be 1.83 g/h. 

 

Table 2. Experimental steps and conditions 
Experiment Conditions 

Vsample (ml) Ccatalyst (g/l) Time (min) 

Effect of time 

reaction 

Effect of catalyst 

concentration 

1000 

1000 

0.02 

0-0.1 

0-60 

15 

 

The catalytic activity of the catalyst was determined by the 

COD content of the samples. The conversion rates of COD 

were calculated, where Cin and Cout are the concentrations of 

organic compounds in samples at the inlet and outlet of the 

reactor, respectively (through COD parameter, mg/l). The 

average values of three sets of independent experiments were 

reported using three different batches of the samples. 

X(%)   =                      x 100
Cin  -  Cout

        C in  
 

III. RESULTS AND DISCUSSION 
 

A. Catalyst Characterization 
Nano MnO2 catalyst was successful synthesized from 

potassium permanganate and manganese sulfate, by 

following the reaction: 

2MnO4
- + 3Mn2+ + 2H2O = 5MnO2 + 4H+ 

Table 3 shows the BET surface area of the samples. The 

nano MnO2 sample has a BET surface area of 113.0601 

m2/g, the pore volume was 0.2070 cm3/g, and the pore size 

was 7.8930 mm. It is obvious that the surface area of the 

synthesized material is high compared to previous reports 

[4].  

 

Table 3. Characteristics of the catalyst 
Parameters SBET (m2/g) Pore volume 

(cm3/g) 

Pore  size (nm) 

Catalyst MnO2 113.0601 0.2070 7.8936 

MnO2 [4] 81.8 0.242 - 

 

XRD diffraction was firstly carried out to determine the 

crystalline structure of MnO2 materials. The XRD pattern 

showed the sharp reflections characteristic of simple cubic 

MnO2 at the peaks about 2 = 28o; 37o; 43o; 55o; 57o (Fig. 

1a) which can be assigned to the presence of MnOx. Among 

the peaks, the peaks at 28o, 37o, and 55o were characterized 

for pyrolusite crystals of MnO2 [7]. 
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Fig. 1. (a) XRD diagram, (b) EDX diagram,  (c) SEM and (d) TEM image of the material 

 

The EDX analysis revealed mass fraction of the elements 

in the catalyst sample. Figure 1b showed that the catalysts 

consist of 48.25% manganese. Typical SEM and TEM 

images of the catalyst are shown in figure 1c and 1d. In the 

SEM and TEM image, the catalyst particles were observed 

with the average size about 0.5 µm. They were highly 

fractional  (as seen in TEM image). This property accounts 

for the exceptional high surface area of the sample. 

B. Catalytic Ozonation of Organic Compound in 

Wastewater 

Composition of  the Wastewater  
Duong Lieu agricultural processing village was famous 

for its traditional products, such as: cassava starch, rice 

starch, candy, noodles... 85% of households in the 

commune participate in production activities. Annual 

output of about 20000 tons of cassava starch, 60000 tons of 

rice starch, 18000 tons of candy, 15000 tons of noodles per 

year. 

 

 
 

 
Fig. 2. The production of noodles in the Duong Lieu 

agricultural processing village 

 

But the production process is not synchronized with the 

waste collection and treatment system. According to 

recently studies and surveys, the water in Duong Lieu has 

been seriously polluted, including both surface and 

groundwater. Alots of wells in this village can not be used 

anymore, even smell bad. The process of producing in this 

village are almost handycraft. According to calculations, for 

every 10 tons of raw material in a household producces 7 

tons solid waste and  wasstewater. All poured down the 

sewers, canals, drainage channels around the village. 

 

 
Fig. 3.  The curent state of the drainage channels in the 

commune 

 

The wastewater samples were taken once a day for 30 

consecutive days at the outlet of the sewers of household 

production. They were light brown and opaque and of  

unpleasant odor. The organic matter in this sample was very 

high, 3-52 times higher than that of QCVN 40: 

2011/BTNMT. The composition and  characteristics of  the 

wastewater samples are presented in table 4: 

 

Table 4. Characteristics of the wastewater samples 
Parameter Unit Result 

(n=30) 

QCVN 

40:2011 – Column B 

Comparison with QCVN 

40:2011 – Column B 

Min Max Med 

pH - 3.8 4.7 4.2 5.5-9 Out of bounds 

BOD5 mg/l 2335.66 3208.91 2644.16 50 52.88 times higher 

COD mg/l 3518.72 4497.61 3993.74 150 26.62 times higher 

TSS mg/l 478.03 757.22 540.08 100 5.40 times higher 

TP mg/l 25.11 32.03 26.71 6 4.45  times higher 

TN mg/l 114.62 171.34 122.86 40 3.07 times higher 
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The results showed that the wastewater had a slight 

solution acidic with pH from 3.8 to 4.7 because of the 

process using acid for the material bleaching process. The 

content of organic substances and total suspended solids 

were relatively high with the average COD and BOD5 

content of 3993.74 mg/l, and  2644.16 mg/l, respectively. If 

the wastewater is not treated, the environment and human 

health will be affected. 

The Effect of time on Degradation of Organic 

Compounds in Wastewater 
In the following studies, conditions on treatment organic 

compounds (OC) in the wastewater were observed. We 

used a large amount of wastewater collected to ensure pH 

stability and initial components of samples. The wastewater 

samples had initial pH = 4.2 and COD = 3814.27 mg/l. 

Proceeding oxidation of organic compounds in this 

wastewater  without catalyst and with nano MnO2 catalysts 

for 0-60 minutes the organic content was measured  after 

the reaction through the COD content. The results are 

shown in Fig 4. 

 

 
Fig. 4. The effect of time on degradation of OC 

 

During the survey period (0-60 minutes), when the 

response time increased, the organic contents in the sample 

decreased. Without uncatalysts treatment, oxidation 

occured due to self-decomposing of ozone forming free 

radicals with  slow reaction. After 60 minutes, the COD 

parameter is about 2074.03 mg/l. The mechamism of this 

reaction are: 

O3  + OC    Products 

After 60 minutes of treatment with nano MnO2 catalyst, 

the COD content decreased from 3814.27 to 0 mg/l. The 

presence of the nano MnO2 catalyst facilitated the 

formation of free radicals faster, so the reaction rate was 

faster. 5 minutes after treatment the efficiency reached 

63.95%, and after 15 minutes  the remaining COD content 

was 66.14 mg/l, reaching 98.27%. This value was  within 

the allowable range of QCVN 40: 2011, column B. After 20 

minutes of reaction, the treatment efficiency was 100%. 

As described in literature [6-8], in acidic environment, 

besides the direct oxidation of ozone, ozone reacts with 

water to form radical *OH and then, the OC molecules are 

degraded by *OH (indirect oxidation): 

O3   +   H2O         2HO*  +  O2 

HO* + OC      [OC-OH]+* 

In our catalytic process, ozonation occured indirectly by 

oxidation of the metal oxide catalyst. Ozone reacts with 

 manganese dioxide to form O2
- and then O2

- reaction with 

water to form HOO*. In the next step, hydroxyl radical is 

created by the reaction of ozone with HOO*. Finally HO* 

degrades OC molecules in solution 

2O3 + Mn4+    2O2
- + Mn6+ + O2 

O2
- + H2O   HOO*  + HO- 

O3 + HOO*    HO* + O2 

OC + HO*    [OC-OH]+* 

In the presence of MnO2, ozone converts to its more 

active component (O2
-), this reacts with water faster than O3 

alone. 

Several authors have studied the treatment of the waste 

water in Duong Lieu agriculture processing village by 

different methods. Ngo Tu Thanh was treated  wastewater 

by anaerobic method. The results show that: the optimal 

quantity of additional sludge was 10%, with which the 

effectiveness of treatment reached 75% (biochemical 

oxygen demand, BOD) and the effectiveness of treatment 

increased by 7-11% in comparison with control without 

cariers. It is necessary to finish the anaerobic treatment after 

6 days, when the effetiveness reached 75% (BOD) in order 

to begin the aerobic treatment for higher effectiveness [9]. 

The nano MnO2 catalyst in the present research showed 

good oxidation capacity in organic slurry and this can be 

used in the treatment of organic matter in pollution water 

sources. 

Effect of Catalyst Concentration on OC Ozonation 
The effect of catalyst concentrations, from 0 – 0.1 g/l, on 

the rate of OC ozonation was tested. The rate of OC 

ozonation increased with the increased concentration of 

nano MnO2 catalyst as shown in Fig. 5. 

 

 
Fig. 5. The effect of catalyst concentration on degradation 

of OC 

 

The OC concentration reduced quickly over reaction 

time. After 15 minutes, without catalyst, the degradation 

was influenced by the oxidation of ozone alone. The 

oxidation reaction OC ran slowly, making it less effective 

in degrading OC. The remaining COD contents was 

2988.32 mg/l, degradation percentage of 21.65%. Catalytic 

ozonation of OC in the presence of nano MnO2 was much 

more effective. With the catalyst concentration 0.02g/l, the 

remaing COD contents was 66.14 mg/l, the treatment 

efficiency was about 98.27% and the efficiency reached 

100% when the catalyst concentration was about 0.025 to 

0.1g/l. Higher concentrations of MnO2 led to higher 

efficiencies but in a similar pattern to 0.02g/l concentration. 
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 This fact indicates that 0.02g/l is the optimum catalyst 

concentration for the ozonation.  

Propose Plans 
 In Duong Lieu village, with the current state of  

wastewater contains high levels of pollutants, which are not 

treated and discharged directly into the environment. That 

cause serious environmental problems so need to take 

measures to treatment. In this study, we propose the model 

of wastewater treatment in this village 

 

 
Fig. 6. Model of wastewater treatment in Duong Lieu 

village 

 

Wastewater from household productions would be  

separated solid  and suspended solids by the  pits. And then, 

the wastewater can be collected into the convergent 

wastewater treatment systems. There, wastewater can be 

treated by adsorption, flocculation, oxidation methods. 

 

IV. CONCLUSIONS 
 

In the present work, nano MnO2 catalyst were 

successfully prepared by the co-precipitation method at 

room temperature and exhibited excellent catalytic activity 

in ozonation of organic compound in wastewater. The nano 

particle catalyst had high surface area of 113.0601 m2/g and 

high mesoporous showing pore size of 7.8936 mm and pore 

volume of 0.2070 cm3/g. It has been proved to be a good 

catalyst for treatment of organic compounds in wastewater. 

For organic compounds in agricultural processing village, 

that have initial COD 3814.27 mg/l degradation. The 

optimum concentration of the catalyst was found to be 

0.02g/l for 15 minutes. 

Survey the ozonation with the nano MnO2 catalyst at 

natural pH of wastewater to treat actual organic compounds 

in wastewater samples, the organic compound present in the 

samples decreased as measured by the reduced COD 

content from 3814.27 mg/l to 66.14 mg/l and satisfied the 

National technical regulation on the effluent of livestock 

(QCVN 40: 2011/BTNMT). This study may expand the 

further development of nano MnO2 catalyst can serve as an 

appropriate material for treatment organic compounds in 

wastewater. 
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