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Abstract 
The research investigated the performance of combined process (flocculation pretreatment-pho- 
to catalysis). The characteristics of nano flocculation and photocataly were evaluated by simulated 
dye and surfactant wastewater. In the coagulation and settling period, decolorization rate of five 
dyes wastewater by nano flocculant was higher than 95%. In the photocatalytic period, degrada-
tion of twelve sodium dodecyl benzene sulfonate reached 33%. Washing and dyeing wastewater 
treated by combined process conformed to the “textile dyeing and finishing industry back to the 
water quality standard” (FZ/T 01107-2011). The results showed that the combined process was 
highly advanced treatment for washing and dying wastewater. 
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1. Introduction 
Washing and dyeing industry is a new industry developed in recent years. The washing and dyeing wastewater 
is refers to the waste water produced in washing, washing and dyeing industry, dyeing, ironing process of darn-
ing etc. It is difficult to concentrate processing, are generally discharged into the city sewage pipe network or 
direct discharge. Washing and dyeing wastewater containing surfactant, dyes and other non dissolved impurities 
and other pollutants. If incorporated into the municipal sewage pipe network into the sewage treatment plant will 
form a bubble mountain, interference of waste water treatment, reduction of biological filter bed and activity of 
activated sludge, if directly discharged it into the natural water would pollute the water, causing serious envi-
ronmental problems. Therefore, the washing and dyeing wastewater advanced treatment and reuse treatment is 
very important. 

How to effectively remove pollutant from washing and dying wastewater is a hot topic in reclaimed water 
reuse field. There were many researches on dye wastewater treatment [1] [2]. The main treatment process in-
cludes direct filtration process; countercurrent washing method, membrane bioreactor used back washing and 
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dyeing wastewater [3] [4]. The advantage of biological method is low cost, but the treatment effect is easily in-
fluenced by inlet water quality fluctuation [5]. The activated carbon adsorption treatment cost is high, and the 
regeneration is difficult [6]. Membrane separation technology requires large one-time investment and high cost 
of running [7]. At present, most washing and dyeing industry wastewater are directly discharged into the city 
pipe network by the end of treatment. This year, with the development of nanotechnology, nano materials by 
nano flocculant optimization has more excellent settleability. Nano Photocatalysis technology had attracted for 
contaminated water treatment has gained wide attention in the past years, because high stability, low cost and 
nontoxicity and no secondary contamination. Especially using other elements doped titanium dioxide broadens 
the spectrum absorption range. Doped nano photocatalyst can removal of organic pollutants in water in the sun 
[8]. 

According to the characteristics of washing and dyeing industry wastewater, this paper adopts nano floccula-
tion and visible light catalytic oxidation coupling technique. Development and application of high efficiency 
adsorption flocculant can greatly reduce water turbidity and color, improve the light transmittance, at the same 
time, by titania modified titanium oxide catalyst can broaden the scope of visible light absorption, the realization 
of the photocatalytic degradation of dyeing wastewater under visible light in the organic pollutants, and reach 
the level of reuse. This research suggests a combined process which is composed of nano coagulation and pho-
tocatalyst system. The purpose of this study was provides a reference for the engineering application of washing 
and dyeing wastewater reuse. 

2. Material and Methods 
2.1. Materials 
The following chemicals were work: twelve water potassium aluminum sulfate, ammonia, sodium hydroxide, 
potassium dichromate, hydrochloric acid, cerium nitrate, four of butyl titanate (TBT), ammonium metavanadate, 
thiourea, oxalic acid, ethanol (above all were analytically pure and purchased from Sinopharm Chemical Rea-
gent Co., ltd.), deionized water, powdered activated carbon (300 - 400 mesh, Haiyu activated carbon factory). 

The washing and dyeing wastewater used in the experimental was from a dyeing factory in Zhejiang Province. 
Physicochemical properties of the wastewater were as followed: pH 6.0 - 8.0, COD 400 - 600 mg/L, chroma 600 
- 800. 

2.2. Synthesis and Application of Nano Flocculant 
By sol-gel method, with four ethyl orthosilicate as precursor, ethanol and water in the mixed solution of water 
bath heating to 700˚C, stirring 90 min, adding proper amount of catalyst, continue stirring 60 min after the for-
mation of white gel, pH control in 5 - 6, after the completion of the reaction, the aging 24 h, after drying and 
mixed according to the proportion of kaolin ball milling, and then in the annealed at 700˚C 60 min after dissolv-
ing with acid activated 120 min, 300 - 400 mesh of powdered activated carbon and adding a certain proportion, 
using sodium carbonate as regulator, adjust the polymerization with pH as 6 - 7, adding ammonia to the solution 
of pH is 9 - 11, the water bath curing time is 240 min, curing temperature is 600˚C, the solution is layered later, 
with the deionized water to neutral, repeated washing capacity, before using the oscillating uniform.  

The nano flocculant was used in simulated wastewater of different dye solution (0.03%), determination of 
chromaticity before and after flocculation, and calculate the decolorization rate. Then the applications of nano 
flocculant to the actual washing and dyeing wastewater, chromaticity and COD were measured before and after 
flocculation, and calculate the decolorization rate and COD removal rate. 

2.3. Synthesis and Application of Nano Photocatalysie 
With ammonium metavanadate and four of butyl titanate as precursor, with citric acid as inhibitor, in a mixture 
of ethanol and aqueous solution, the temperature of 400˚C water bath heating stirring 30 min, aging 7 days after 
ball milling, drying calcination 4 hours at 400˚C, vanadium doped titanium dioxide photocatalyst is obtained. 
Doping ratio of ammonium metavanadate in TiO2 was 0%, 1%, 2%, 3%, 4% and 5%. Configure the concentra-
tion of 10 mg/L twelve sodium dodecyl benzene sulfonate (SDBS) solution, titanium dioxide photocatalysts 
doped with vanadium 400˚C prepared by the concentration of 1 g/L added to the SDBS solution, stirring 1h and 
adsorption equilibrium, ultraviolet degradation of 2 h, to determine the concentration of SDBS solution in dif-
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ferent time, and calculate the degradation rate of SDBS. 

2.4. Analytical Methods 
Chemical oxygen demand as permanganate demand (COD) and suspended solids (SS) were determined accord-
ing to the methods described in the standard methods for the examination of water and wastewater [9]. Chroma-
ticity and turbidity were measured using a Hach model DR890 photometer. The concentrations of dyes and 
SDBS solution were determined by using a Lambda 950 (PerkinElmer) spectrometer. 

2.5. Experimental Setup 
The continuous combined process for washing and dyeing wastewater consists of coagulation and settling reac-
tor and photocatalytic system. A flow diagram of the continuous washing and dyeing wastewater treatment sys-
tem used in this study is shown in Figure 1. Flocculation pretreatment was carried out in an up-flow inner cir-
culation coagulation and settling reactor. The washing and dyeing wastewater with a certain velocity into the 
flocculation sedimentation tank, while adding nano flocculant, the waste water and the nano flocculant mixed 
rapidly within the reactor settlement, removing most of the chroma and COD, and then the sludge discharged 
from the bottom. The supernatant from the upper overflow weir inflow photocatalytic reactor, after photocataly- 
tic degradation in the sunlight further the removal of COD, to achieve the reuse standard. 

3. Results and Discussion 
3.1. Decolorization of Simulated Dye Wastewater by Nano Flocculant 
The nano flocculant was used in decolorizing treatment of simulated dye wastewater. The results of treatment 
and decolorization were shown in Figure 2. As we can see from Figure 2, decolorization of dye wastewater by 
 

 
Figure 1. Flow diagram of combined process for washing and dyeing waste-
water treatment. 

 

 
Figure 2. Effect of treatment of simulated dye wastewater with nano floccu-
lant. 
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nano flocculant was higher than 95%. It confirmed that the adsorption and sedimentation of dye by nano floccu-
lant was perfect. These results can be further applied in the decolorizing treatment practice of washing and dye-
ing wastewater. 

3.2. Decolorization and COD Removal Rate of Washing and Dying Wastewater by Nano 
Flocculant 

The nano flocculant was used in decolorizing and COD removal treatment of washing and dying wastewater. 
The results were shown in Figure 3. 

After deposition for 30 min, washing and dyeing wastewater decolorization rate and COD removal rate of 
washing and dyeing wastewater reached 95% and 80% respectively. Supernatant was almost colorless, and COD 
was about 60 - 80 mg/L. 

3.3. SDBS Removal Rate of Washing and Dying Wastewater by Nano Photocatalysie 
As shown in Figure 4, doping transition metal vanadium, titanium dioxide visible light absorption range can be 
increased to 570 nm. Titanium dioxide visible light absorption range increases with vanadium doping quantity 
increased, the increase amplitude decreases with the increase of the amount of doping. 

Vanadium doped titanium dioxide photocatalyst although can make visible light absorption range increased, 
but the photocatalytic degradation rate of SDBS did not increase (Figure 5). When the doping amount was 1%, 
the strongest inhibition was showed on the photocatalytic effect. When the doping concentration of 3% - 5%, the 
photocatalytic degradation rate increases with the increase of SDBS doping amount increase. When the doping 
amount was 5% 2 h, the photocatalytic degradation of SDBS was the highest, reached 33%. 

3.4. Combined Nano Flocculation and Photocatalysis Processes 
According to the experimental results, using combined treatment process in Figure 1 for continuous treatment 
of the actual dyeing wastewater. In the phase of flocculation precipitation, the quantity of added nano flocculant 
is 0.5% - 1% (V/V), hydraulic retention time of 30 min. Photocatalytic stage, selection of vanadium doped 
amount of visible light catalyst 5%, water adding amount of 1g/L hydraulic retention time was 2 h. The water 
qualities were measured before and after treatment, and contrasted with textile dyeing and finishing industry 
back to the water quality standard contrast. The results are shown in Table 1. 

All the water quality indexes by using the washing and dyeing wastewater combined nano flocculation and 
photocatalysis processes treated have reached a “textile dyeing and finishing industry back to the water quality 
 

 
Figure 3. Effect of treatment of washing and dying wastewater with nano 
flocculant. 
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Figure 4. Absorption wavelength of vanadium doped titanium dioxide pho-
tocatalyst. 

 

 
Figure 5. Degradation of SDBS by doped vanadium titanium dioxide photo-
catalyst. 

 
Table 1. Water quality before and after the treatment and reuse of standards. 

Parameters Influent Effluent Standards 

pH 6.0 - 8.0 7.17 6.0 - 9.0 

COD (mg/L) 400 - 600 <30 ≤50 

SS 300 - 500 12 ≤30 

Chroma 600 - 800 6 ≤25 

 
standard” (FZ/T 01107-2011), which can realize the washing and dyeing wastewater recycling, and achieve the 
goal of energy saving and emission reduction. 

4. Conclusion 
In this study of nano flocculation pretreatment technology was combined with photocatalysis technology for 
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washing and dyeing wastewater. The use of nano flocculation pretreatment technique was to remove most of the 
pollutants, such as particles, turbidity, bacteria, etc. The use of nano photocatalyt was to remove the soluble 
contaminants of washing and dyeing wastewater. From these results, compared with traditional wastewater 
treatment, the combined process (flocculation pretreatment-photocatalysis) was a great potential technology for 
washing and dyeing wastewater advanced treatment. 
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