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Introduction

Textile wastewater generally contains many kinds of pollutants such as dyes, surfactants, salts, sizing agents and oxidizing/reducing agents. Especially, there are so many kinds of sizing agents, i.e., polyvinyl alcohol (PVA), carboxymethyl cellulose, and various surfactants. These sizing agents are removed by hot water after weaving process. PVA is typically contained as high as 0.5 % in hot desizing wastewater. Unfortunately, these wastewater containing sizing agents is very difficult to break down biologically and known as the dominant contributor of COD and BOD in textile wastewater. The traditional treatment technologies were not obtained satisfactory results. The conventional treatments of wastewater containing sizing agents include biological oxidation [1], wet air oxidation [2], advanced oxidation [3] and membrane process [4]. For these reasons, one of new methods developed to overcome these drawbacks was electrolytic treatment. Electrochemical processes generally have lower temperature requirement than those of other equivalent non-electrochemical treatment, such as wet air oxidation, and there is no need for additional chemicals compared with advanced oxidation and fenton oxidation. 
However, few reports have been published on the degradation of PVA by using electrochemical method. The objectives of this research are to investigate the performance and kinetics of PVA decomposition by the electrochemical oxidation using RuO2/Ti anode. Especially, the effects of flow rate on PVA decomposition were explained by using dimensionless numbers, such as Reynolds (Re), Schmidt (Sc) and Sherwood (Sh) numbers, which were correlated by the mathematical relationships.

Experimental

All chemicals used were at least reagent grade. The apparatus of electrochemical oxidation consisted of an undivided reactor with 4 pairs of electrodes and D.C. rectifier. It had a working volume of 1.71 l (120 mm ( 95 mm ( 150 mm) and the distance between electrodes was 20 mm. The anodes were made of plates of titanium (110 mm ( 95 mm ( 1 mm) coated with RuO2, while plates of stainless steel (110 mm ( 95 mm ( 1 mm) were used as cathodes. Samples were periodically taken from the reactor and the concentrations of PVA and COD were analyzed to investigate the behavior of electrochemical oxidation of PVA. PVA and COD were analyzed to investigate the performances and the behaviors of electrochemical oxidation. The concentration of PVA was analyzed by the iodometrical method [5] using UV-visible spectrophotometer (UVIKON XS, BIO-TEK Ins., Italy) at wavelength of 690 nm. COD was also analyzed gravimetrically by using a closed reflux, colorimetric method after digestion of the samples in a COD reactor (Model 45600, HACH Co., USA). 

 The influences of the operating parameters such as current density, electrolyte concentration, PVA concentration and flow rate on PVA and COD decomposition were investigated. Especially, the effects of flow rate on electrochemical oxidation of PVA were explained by using the mathematical relationship of dimensionless numbers such as Reynolds number (Re), Schmidt number (Sc) and Sherwood number (Sh). 

Results And Discussion

A series of experiments using recirculating batch reactor was performed in order to investigate the performances and the behaviors of electrochemical oxidation using RuO2/Ti anode of PVA. The mass transport properties of electrochemical process were also explained by mathematical relationship of dimensionless numbers. 

Consequently, the PVA and COD decomposition were showed the behaviors of the first order reactions. The decomposition of PVA by electrochemical oxidation was affected by the operating conditions such as chloride concentration, PVA concentration, current density, flow rate and anode materials. PVA and COD removals were 70.18 % and 27.47% during 300 minutes at 1.34 mA cm-2 of current density, 17.1 mM of Cl- concentration, 410 mg l-1 of initial PVA and RuO2/Ti anode.

The efficiencies of electrochemical oxidation of PVA were proportional to chloride concentration, current density, flow rate and disproportional to PVA concentration, respectively. When the concentration of the initial PVA was low, the electrochemical oxidation was especially effective. Due to the intermediates produced and PVA not yet oxidized, the rate of COD decomposition was always lower than that of PVA, and the differences between the rates of PVA and COD decomposition increased steadily.

The property of mass transport of electrochemical oxidation of PVA was also depicted in terms of the dimensionless numbers and Sh = 1.65(ReScde/L)1/3 was obtained. 
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Figure 1. First order relationship of PVA and COD degradation 

by electrochemical oxidation using RuO2/Ti.
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Figure 2. Mass transport property using dimensionless numbers.
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