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Abstract. Adsorption performance of catalysts and catalytic ozonation of organic pollutants from 
bio-treated dyeing wastewater were investigated. Among various catalysts, the granular activated 
carbon (GAC) showed the better adsorption performance for removal of COD from dyeing 
wastewater, and the adsorption capacity was 2.1 mgCOD/gGAC. In addition, Mn@GAC composite 
catalyst was prepared by an impregnation method and used for catalytic ozonation.The XPS results 
showed that Mn was located onto GAC surface in the form of MnO2.The catalytic ozonation for 
COD removal efficiency was 41.7% with Mn@GAC. Therefore, the Mn@GAC catalytic ozonation 
is feasible for removal of the refractory organic pollutants from the dyeing wastewater. 

Introduction 
 China is a huge water consumer and wastewater producer. The textile dyeing industry has 

always account for a large proportion about water consumption and aqueous environment pollution 
[1]. Effluents produced by dyeing factory are usually characterized by suspended and dissolved 
solids [2], smelly, strong color, chemicals, biological oxygen demand (BOD) and considerable 
values of chemical oxygen demand (COD), these pollutants are harmful to both the environment 
and human health [3]. Therefore, the discharge of printing and dyeing wastewater has faced great 
challenges of wastewater treatment [4].        

 In the textile dyeing industry, biological and physicochemical methods are commonly used to 
treat dyeing wastewater. The main characteristic of the bio-treated dyeing wastewater is 
nonbiodegradable, so biological treatments are difficult to remove the remaining organic 
contaminant [5]. In order to meet the discharge standards of water pollutants for dyeing and 
finishing of textile industry, physicochemical methods should be considered preferentially for the 
bio-treated dyeing wastewater treatment.  

The conventional physicochemical processes for removing pollutants in dyeing wastewater 
contain adsorption, flocculation, membrane separation and the advanced oxidation processes (AOPs) 
which includes catalytic ozonation, Fenton oxidation, photocatalysis, etc [6]. Among these methods, 
the AOPs is mainly used for oxidizing and decomposing refractory organic pollutants by generating 
oxidative free radicals (hydroxyl radicals) in the reaction process [7]. The catalytic ozonation is 
attracting increasing attention in refractory organic wastewater treatment [8],  because of its high 
efficiency and ambient operational conditions [9]. And various catalysts were investigated for 
catalytic ozonation whether play an important role in generating hydroxyl radicals and degrading 
pollutants, such as, active carbon (AC)[10]. 

This study is to investigate adsorption capacity of the catalyst and the removal efficiency of 
catalytic ozonation for refractory organic pollutants in bio-treated dyeing wastewater. A variety of 
materials were used to adsorb organic pollutant for choosing the best one as the catalyst support of 
catalytic ozonation. The MnO2 loaded AC composites was used as a catalyst in catalytic ozonation 
to degrade the refractory organic pollutants. The aim of this study was to evaluate the performance 
of catalytic ozonation on the removing of the refractory organics in bio-treated dyeing wastewater 
and meet the discharge standards of China.  
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Materials and methods 
Materials and reagents 
The wastewater used for this study was obtained from a large scale dyeing wastewater plant 

located in southeast China. The effluent of this dyeing wastewater plant was processed by 
bioprocess and Flocculation precipitation technology. The main composition of dyeing wastewater 
is listed in Table 1.  

Table 1. The main composition of dyeing wastewater 
Parameter COD (mg/L) pH TN (mg/L) TP (mg/L) EC(mS/cm) 

wastewater 90~100 8.54 2.58 1.03 4.61 
The columnar activated carbon (CAC) and GAC were obtained from Jiangsu Shengkang 

Technology Co., Ltd. The Y-zeolite, ZSM-5, ZSM-22, ZSM-35, SAPO-34 and mordenite were 
obtained from Hubei Shentan Enviromental Material Co., Ltd.  

All of the chemicals used were analytical grade or above. Potassium permanganate and nitric 
acid were purchased from Beijing Chemical Works, China. The COD analysis of pharmaceutical 
products were purchased from the company of Beijing Lianhua Technology, China. All the 
solutions were prepared with twice distilled water. 

Preparation of catalysts 
The Mn@GAC composite catalyst was prepared by an impregnation method. The synthesis 

conditions were using precursor of potassium permanganate solution to load the surface of GAC. 
Briefly, as a support for the catalyst, GAC was washed with distilled water to remove the impurities 
and dried in a drying oven for 12h. Then, the GAC was submerged in potassium permanganate 
solution in a shaker for one day so that catalyst can be diffused into the GAC channels as much as 
possible. Finally, the GAC was stood for two days, washed with distilled water, dried and stored in 
a desiccator until used.  

Experimental procedure 
To compare the adsorption performance of the various catalysts for COD, the adsorption tests 

were performed 30min by allowing 50g adsorbent with 100mL wastewater in 250 ml triangle bottle 
on a shaker (Guohua company THZ-82A, China) operated at 25  and 120r/min℃  [11].         

To determine the adsorption capacity of the GAC for COD, the adsorption tests were performed 
30min by changing the dosage of GAC with 100mL wastewater in a container on a shaker operated 
at 25  and 120r/min.Langmuir were used t℃ o express the adsorption of GAC. The Langmuir model 
assumes the monolayer coverage of adsorbate on a homogeneous surface [12]. 

At the beginning of the catalytic ozonation experiment, 100mL wastewater and 10g catalysts 
were quickly added into the three-phase reactor. After that, below the gas distributor, the ozone 
(1.0-1.3mg/min) from the ozonator (DHX-IX, China) was continuously fed into the reactor and the 
reaction was initiated. At a certain time intervals, samples were taken and filtered through a PES 
filter (pore size 0.45μm) for analysis [13]. 

Analytical and characteristic methods 
The COD of the wastewater was analyzed by COD rapid analyzer (Lianhua Technology 5B-3C 

(V8), China) and the theory was potassium dichromate method. The form of manganese on the 
catalyst was characterized by XPS (Thermo Fisher ESCALAB 250Xi, England). The content of 
manganese element was measured by ICP-OES (Thermo Icap 6300, America) with nitric acid 
pretreatment. 
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Results and discussion 
Adsorption performance of various catalysts  

 

Fig. 1 The effect of various catalysts on the COD removal efficiency 

Performance of various catalysts on adsorption of the dyeing wastewater was showed in Fig. 1. 
Compared with the other catalysts, GAC showed the best performance for the removal efficiency of 
COD. And the removal efficiency of COD using GAC reached 65.6% in 30 min. Besides, The GAC 
is the cheapest adsorbent among them. Therefore, the adsorbent of GAC was feasible for COD 
adsorption in practical application [14].  

The characterization of the Mn@GAC catalyst 

 

Fig. 2 XPS spectrum of Mn 2p loaded on the GAC surface 

XPS spectrum was used to characterizing that Mn chemical valence on the surface of the GAC in 
Fig. 2. The XPS spectrum showed two peaks at 642.2 and 653.9 eV correspond to Mn 2p3/2 and 
Mn 2p1/2, respectively, with a spin-energy separation of 11.7 eV, which was similar to 11.8eV 
reported by other researchers [10]. These results indicated that manganese oxide existed in the form 
of MnO2 on the Mn@GAC catalyst. Otherwise, the ICP result indicated that the weight percentage 
of Mn is 0.463mg/g onto GAC. Otherwise, ICP result indicated that the weight percentage of Mn is 
0.463mg/g onto GAC.  
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Effect of GAC dosage and adsorption isotherms 

 

 

Fig. 3 The effect of GAC dosage on COD concentration in the wastewater (a) and Langmuir 
isotherm for COD adsorption by GAC (b) 

The adsorption property of GAC for COD was investigated through an adsorptive experiment in 
Fig. 3(a). With the increase of GAC dosage, the COD in the wastewater decreased rapidly and then 
slowly. Significantly, GAC performed the excellent adsorption property of removal COD, and the 
COD concentration decreased from 90.3mg/L to 34.61mg/L. The relation between Ce/qe versus Ce 
of the Langmuir model was linear relation with a good correlation coefficient (R2 = 0.9797) for 
GAC (Fig. 3(b)). The maximum removal capacity (qm) of COD by GAC is 2.1 mg/g [12]. 

 
 
 
 
 
 
 
 
 
 
 
 

(a) 

(b) 

569

Advances in Engineering Research (AER), volume 143



Catalytic ozonation experiment 

 

Fig. 4 Catalytic ozonation for COD removal from dyeing wastewater 

As shown in Fig. 4, the COD removal efficiency increased with increasing the reaction time of 
catalytic ozonation. During the initial 20 min, 41.7% of COD was removed by the catalytic 
ozonation with Mn@GAC catalyst, while using GAC as a catalyst the COD removal efficicency 
was only 17.2% in same condition. Therefore, MnO2 on GAC as a catalyst improved the reaction 
rate in catalytic ozonation, resulting in a higher COD removal efficiency. When ozone was used 
individually, COD removal efficiency was 15.6% lower than ozone with catalysts in 20 min, so the 
introduction of Mn@GAC catalyst in ozonation process for dyeing wastewater can promote the 
ozone utilization efficiency and save the cost of wastewater treatment.  

Conclusions 
Among the various materials, the GAC showed the best adsorption performance for dyeing 

wastewater, whose maximum adsorption capacity was 2.1mg COD/g GAC, and the removal 
efficiency of COD reached 65.6% in 30 min. The XPS spectrum displayed that the surface of 
Mn@GAC was existed manganese dioxide MnO2 and the result of ICP showed the weight 
percentage of Mn was 0.463mg/g. The catalytic ozonation experimental results revealed that the 
catalyst of Mn@GAC performed better of COD removal efficiency than ozone with GAC and 
ozone alone, resulting in COD removal efficiency of 41.7% in 20 min. Therefore, the Mn@GAC 
catalytic ozonation is feasible for removal of the refractory organic pollutants from the dyeing 
wastewater.  
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