
 

   

  

 

 

 

 

 

  

 



 

   

 

 

 



 

   

 

 

In India alone, the dyestuff industry contributes around 60,000 metric tons, representing 

approximately 6.6% of the global colorant consumption. The primary consumer of these 

dyes is the textile industry, accounting for two-thirds of the total dye production. 

Unfortunately, these industries discharge substantial volumes of dye-laden water into 

water bodies. The extensive use of dyes across various sectors poses a significant danger 

to the environment and human health due to their non-biodegradable and elevated toxicity 

levels. 

In India, workers in the dye industry face an elevated risk of developing tumors. The 

mortality rate among factory workers, specifically from cancers, cerebrovascular disease, 

and lung disease, is significantly 40 times higher for the same ailments compared to the 

general population [14]. Consequently, it becomes imperative to address the removal or 

reduction of dye content from industrial effluents before discharge. Thus, before delving 

into the discussion on removing dyes from water bodies, it is essential to provide a brief 



 

   

overview of the types and characteristics of dyes. 

  

 

 

  

 

  

Water-soluble acidic dyes, characterized by their excellent light fastness, exhibit high 

water solubility due to the presence of sulphonic acid groups, typically in the form of 



 

   

sodium sulphonate salts. This chemical composition enhances the dye's solubility in 

water. Acidic dyes encompass various chemical classes, including azo (including 

premetallized), anthraquinone, triphenylmethane, azine, xanthene, nitro, and nitroso. 

These versatile dyes find application in colouring a range of materials such as nylon, 

wool, silk, modified acrylics, paper, and leather, as well as in the food and cosmetics 

industries.  

  

 

  

Reactive dyes feature chromophoric groups such as azo, triarylmethane, anthraquinone, 

formazan, phthalocyanine, oxazine, etc. These dyes establish a covalent bond with the 

fiber, rendering them highly permanent. The covalent bonds formed between reactive 

dyes and natural fibers contribute to their exceptional durability. Notable reactive dyes, 

including Procion MX, Drimarene K, and Cibacron F, are particularly user-friendly as 

they can be applied at room temperature. Reactive dyes, known for their effectiveness, 



 

   

are the preferred alternatives for the purpose of dyeing cotton and other fibers, whether 

at home or in an art studio.  

  

Disperse dyes exhibit limited solubility in water, yet they can form dispersed particles by 

interacting with polyester chains. The general structure of disperse dyes is planar and non-

ionic, featuring attached polar functional groups like -NO2 and -CN. This planar shape 

facilitates the dye's movement between densely packed polymer chains, while the polar 

groups enhance water solubility, improve dipolar bonding between the dye and polymer, 

and influence the coloration of the dye. Disperse dyes typically contain azo, 

anthraquinone, styryl, nitro, and benzodifuranone groups. Their primary application is in 

coloring polyesters, although they also find limited use in dyeing cellulose acetates, 

acrylic fiber, and polyamides. 

  

 

  

The term "direct dye" signifies that these dyes do not necessitate any fixing agent. These 

dyes comprise polyazo compounds supplemented by stilbenes, phthalocyanines, and 

oxazines. The inclusion of sulphonate functionality enhances their solubility in water. 

The predominant drawback associated with direct dyes is their limited fastness during 

washing. Despite this limitation, their cost-effectiveness makes them popular for items 



 

   

that may not require significant washing fastness. The wash fastness can be enhanced by 

employing direct dyes containing -NH2 functional groups and sulphonate groups. These 

dyes are extensively used in the coloring of cotton and rayon, as well as in the dyeing 

processes of paper, leather, and nylon. They exhibit a high affinity for cellulosic fibers. 

Industries such as textile, carpet, paint, paper, leather, food, and medicine commonly 

utilize the aforementioned dyes, generating substantial volumes of wastewater laden with 

dyes. Consequently, there is a pressing need for an efficient and cost-effective technique 

to remove or reduce these dyes from wastewater, ensuring that the discharged water 

complies with permissible environmental norms. 

  

 as water-soluble dyes, producing colored cations in solution, 

earning them the designation of cationic dyes. These dyes feature cationic functional 

groups in their structure, such as =NR2
+ or -NR3

+. The primary chemical classes include 

diazahemicyanine, cyanine, triarylmethane, thiazine, hemicyanine, acridine, and oxazine. 

They find application in coloring paper, modified nylons, modified polyesters, 

polyacrylonitrile, and medicinal products [19]. These dyes are typically employed on 

acrylic, paper, and nylon substrates, with potential applications on specific modified 

polyester. These dyes feature a quaternary amine group, which commonly constitutes an 

essential component of formula, although its presence is not always organised. 

 

  



 

   

 

 



 

   

 

 

 

   
  

  
  

  
  

  
  

 

 

 

 

 

 

 

 

 

 
 



 

   

  

 



 

   

 

  

 

  



 

   

 

 

  

 



 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

  

  

 

  

 



 

   

  

 

  

 

  

 



 

   

  

 

 

  

  

  

  

 

  



 

   

  

 

  



 

   

 

 

 



 

   

 

 

  
 

 
 

 
  

    
   

 

  
 

 
 

   
 

   
    

 

   
    

 

     
  

 

   
 

 
  

 

   
 

  
 

 

   
 

 
  

 

   
 

 
 

 

 

 

    
   

 

     
  

 

   
    

 

    
  

  

    
  

  

   
 

 
  

 

   
  

  
 

   
 

  
 

 



 

   

  

 

 

 

   
   

  

 

 

   
   

   
 

 

  

  

  

  

  

  

  

 

 

  

 

 



 

   

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

  

The thesis is structured in the following manner- 

Chapter 1 provides the extensive background in the form of a detailed literature 

overview, thereby setting strong validation for the proposed research objectives. 

Chapter 2 provides general insights into the experimental procedure to be followed to 

conduct the photocatalytic degradation of MB dye using prepared and regenerated 

photocatalysts in the photochemical reactor. This basic understanding will be further 

helpful in getting a clear picture from the brief specific experimental details 

corresponding to each set of experiments that will be given in the subsequent chapters.          

Chapter 3 

 

Chapter 4

 



 

   

 

Chapter 5

 

Chapter 6 presents broad inferences and conclusions that elaborate on the significance 

of the study conducted. Based on the inferences drawn, other recommendations and future 

directions for the research based on current work are proposed. 

 

 

 

 



 

   

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 



 

   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

 

 

 

 

 

 

 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 

   

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 



 

   

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 


