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 The desire for a green environment has necessitated the clean-up of unsightful, often 
toxic, recalcitrant and non-biodegradable colored textile waste water discharges that are 
able to endanger all species that are exposed. The very strong coloration of this waste 

water have been reported to be primarily due to unfixed dyestuffs that are left in the 

resulting waste water generated during the process of dyeing and printing of textile 
materials. Due to the complex and non-biodegradable nature of this waste water, the 

strong but relatively new oxidant (persulfate), was used for its treatment in this study. 

However, the relatively slow ability of persulfate to oxidize contaminants in water and 
waste waters at ambient temperatures has also necessitated a thermal activation of the 

persulfate in this study. Thermal activation of persulfate achieved a 99% color removal 

at 60oC activation temperature, as against the corresponding 82.2% color removal at the 
ambient temperature of 25oC. The system was thus very effective. 
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INTRODUCTION 

 

 The textile industry is often considered as an important sector in the economy and environmental indicators 

of the nations concerned. Its global market is consisting of  60% clothing, 35%  home and furnishing and 5% of 

technical and nonconventional textiles viz.,sports, medical and military textiles[1] 

 Textile industries are often fragmented and consist of a complex production system which includes but not 

limited to the making of fiber, yarns, fabrics for apparel and home furnishing among others. These often involve 

the use of high amount of chemicals and water as the primary raw materials, a resultant of which pose a risk to 

the environment being exposed[2]. The textile and apparel industry is yet characterized by unpredictable 

demand and a large product variety which gives the textile waste water a variation in its characteristics and 

hence are difficult to treat by the very commonly used biological processes.[3] 

 Associated environmental concerns in the clothing and textile industries include the quantity and quality of 

the waste water discharges. A major and particularly very obvious characteristic of textile waste water is the 

strong color imparted from the use of dyes, which causes esthetic problems and ecological disadvantage to the 

aquatic ecosystem.[4-6]. The processes involved in the production of textile materials require the use of very 

many types of chemical based products including dyes which are largely consisting of organic and complex 

structured compounds [7]. The complexity and non-biodegradable nature of the waste water generated thereof 

has necessitated the need for relatively newer, advanced, effective and economical techniques for its treatment.  

 

Persulfate Chemistry and Activation: 

 Persulfate (PS) is sometimes called peroxydisulfate or peroxodisulfate which are both its names. Its 

oxidation reactions with organic contaminants especially, are catalyzed to speed up its’ kinetics, increase the 

rate of PS decomposition and enhance the destruction of contaminants in soil water and waste waters. Activation 

is necessary due to the rather slow nature of the PS oxidation at ambient temperature. Techniques used to assist 

PS oxidation in the treatment of water and waste water include; thermal activation [8-10], photochemical 

activation [11-13], ferrous Ion activation [14, 15], chelated ferrous Ion activation [16], zero-valent iron 
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activation [17, 18], mineral activation [19, 20], activated carbon/PS activation [21], [22, 23], microwave 

activation [24], and integrated activation [25, 26]. The latter, integrated activation involves the integration of 

two or more techniques and or media of treatment. However, among the activation techniques in current use, 

thermal activation is the least well studied [9]. This study is therefore, an attempt at investigating the activation 

of PS by thermal means, for the removal of color in raw textile waste water. It also investigates the efficiency of 

the technique in relation to time dependent influence of temperature variance, PS dosages and pH variance. 

 In the activation of PS oxidant which has an energy potential of E
o
= 2.01V (equation 1). The rate of PS 

decomposition is increased and a stronger oxidant (sulfate radicals (SO
.-

4)), which has an energy potential of 

between E
o
= 2.5-3.1V are produced [27]. A chain of other reactions involving radical species (OH

.
) are also 

initiated in the process as shown in equations 2-7 [10, 28].  
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MATERIALS AND METHOD 

 

Materials and Preparation: 

 Hamburg Chemicals’ PS as Sodium PS was used. It was dissolved in distilled water to make a 1M stock 

solution prior to its use in the oxidation experiments under study.  

 Samples of real textile waste water were collected from a textile factory in the northern peninsular Malaysia 

and stored under 4
o
C prior its use. 

 

Method: 

 An oxidant dosing based on a ratio of PS to contaminant, where the average initial COD (1800mg/L) of raw 

sample of waste water was considered the contaminant. Oxidant dosing was varied between 2/1-10/1. A 200mL 

sample volume was put into a 250mL Erlenmeyer flask reactor and different dosages of PS were added to each 

reactor as required. The reactors in each experiment were put into a shaker incubator (model-SI-50D) to be 

agitated at a predetermined shaking speed of 250rpm, 30minutes reaction time and each desired temperature 

separately, for both the investigation of the influence of PS dosages and pH variance. Supernatant aliquot 

samples were thereafter collected from the reaction for analysis. 

 

RESULTS AND DISCUSSION 

 

Influence of persulfate dosing: 

 The influence of PS dosing on the removal of color was investigated for different dosages at temperatures 

of 25
o
C, 40

o
C, 50

o
C and 60

o
C and at the initial pH of the waste water. The results are presented in Figure 1. A 

much lower color removal was observed for the experiments at 25
o
C, which literally was not activated. The 

removals ranged between 44% (at a dosage of PS /contaminant of 2/1) and 60.9% (at a dosage of 10/1), while 

removals at 40
o
C, 50

o
C and 60

o
C ranged between 58.7% - 82.9, 61.5% - 84.9% and 63.8% - 90.2% respectively 

for dosage between 2/1 – 10/1. The increase in percentage removal of color with an increase in dosing of the 

oxidant shows the importance and influence of PS dosing on the system, [29] employed a PS /TCA of 100/1 to 

completely remove the TCA contaminant by a thermally activated PS oxidation. Also, the wide variation in 

removals at 25
o
C and other temperatures investigated showed the importance and a positive influence of thermal 

activation of the PS oxidant which is in line with the findings of.  Although [7] has reported that conventional 

oxidation are often at difficulty of oxidizing dyestuffs and organic compounds at low concentration, it would be 

very uneconomical to use a very high dosage of PS oxidant, hence a dosage of  4/1 was adopted in the 

subsequent experiments. 

 

Influence of initial pH of solution:  

 The influence of initial pH of solution as a significant factor in many aqueous systems has been reported 

[30, 31] hence the need to determine its influence in the present study. The study revealed that all the reactions 

were favoured by an acidic medium of especially between pH 2 - 4, irrespective of the temperatures considered. 

Removals were improved to 68.8%, 71%, 75% and 76 % at 25
o
C, 40

o
C, 50

o
C and 60

o
C temperatures 

respectively and 4/1 oxidant dosages each. 
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 [28] reported in his review of previous work, the acid catalyzed breakdown of PS into sulfate free radicals, 

which also corresponded with his particular finding  in his research on the influence of pH on the oxidation of 

TCE at ambient temperatures. The findings from the experimental results is similar to the report of  [29], that 

acidic conditions were most favorable.  

 

 
 

Fig. 1: Influence of persulfate dosage on color removal at 25°C, 40°C, 50°C and 60°C. 

 

 
 

Fig. 2: Effect of initial pH of the solution on color removal at 25°C, 40°C, 50°C and 60°C. 

 

Infuence of reaction time: 

 Color removal again showed a wide margin between different temperatures that were investigated when the 

reaction time was increased. The margin of removal was particularly obvious between 40
o
C and 60

o
C 

temperatures, but not far different between 25
o
C and 40

o
C. Results at a reaction time of 90 minutes showed a 

removal of 71.5%, 71.8%, 76.1% and 82.2% at 25
o
C, 40

o
C, 50

o
C and 60

o
C temperatures respectively and 4/1 

oxidant dosages each. At 210 minutes however, decolorization had improved to 98% at 60
o
C temperature, while 

25
o
C, 40

o
C, 50

o
C were 82%, 87% and 90.1% respectively. A very near complete decolorization of 99% of the 

sample textile waste water was achieved at 240 minutes and 60
o
C temperature. These results supports the 

previous findings that thermal activation assists the kinetics of PS oxidation and hence an improved oxidation of 

organic pollutants in water and waste waters [10]. 

 

 
 

Fig. 3: Effect of reaction time on the removal of color at 25°C, 40°C, 50°C and 60°C. 

 

Conclusion: 

 A comparison of color removals from aqueous systems, including the present study as presented in table 1 

shows the effectiveness of thermal activation of PS for decolorization of real textile waste water and a possible 

effectiveness for other types of waste waters too. Results have also shown that an increase in temperature has a 
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resultant increase in the percentage removal of color up to a temperature of 60
o
C that was investigated in this 

study. 

 
Table 1: Color removal from various waste water types. 

Technique Type of waste water Color removal (%) Reference 

Bamboo based-AC Cotton textile mill 91.84 [32] 

Ozone/Fento Stabilized leachate 98 [33] 

Electrochemical treatment Textile waste water 98.6 [34] 

Photo-oxidation Textile industry effluent 86 [35] 

FeCl Coagulatio Partially stabilized leachate 95 [36] 

O3/H2O2/UV Polyester & acetate fiber dyeing 96 [37] 

Heat activated persulfate Cotton textile waste water 99.4 Present study 
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