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ABSTRACT 

 

Dye industry is one of the industries that generates huge amount of wastewater and 

contributes to environmental devastation. Various ways have been used in wastewater 

treatment to make it less harmful. This study aimed to purify dye industries wastewater 

via a method of crystallization known as progressive freeze concentration (PFC). PFC is a 

crystallization process that forms only one single block of ice making it easier to be 

separated with the mother liquor solution. The effect of operation temperature and 

solution flow rate (stirring speed) was investigated in this study. The performance 

analysis was carried out by using simulated solution and was evaluated by the value of 

effective partition constant, K and percentage of ice purity. It was found that at 

temperature of -8˚C, the K value obtained of 0.2615 was the lowest with the highest 

percentage of ice purity of 71.55%. It was also notable that the best stirring speed to 

achieve highest efficiency was at 350 rpm with a K value of 0.3343 and ice purity 

percentage of 62.69%. 
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CHAPTER 1  

INTRODUCTION 

 

1.1 BACKGROUND STUDY 

 Dyeing process has been very crucial towards many industries such as textile, 

food, plastic, paper, cosmetics and many more. The earliest written record of the use of 

dyestuffs dates back to 2600 BC in China (Druding, 2017). Ever since that, dyestuffs 

have been widely used all over the world and emerged into many industries. Dyes of plant 

and animal origins traditionally were used on textiles in Central Asia prior to the advent 

of modern synthetic organic colorants (Chen et al., 2016). The most common dye 

application that is familiar in our daily life is fabric dyeing. The color on the shirt people 

are wearing comes from dye. However, most people do not know what dye actually is. 

Dye is a substance used to impart color to textiles, paper, leather and other materials such 

that the coloring is not readily altered by washing, heat, light, or other factors to which 

the material is likely to be exposed. In order for a substance to be called as dye, it must 

have a retaining power on the substrate which the colored compound is applied.  

 There are many classifications of dyes such as acetate rayon dyes, acid dyes, azoic 

dyes, basic dyes, direct dyes, mordant or chrome dyes, lake or pigment dyes, sulfur or 

sulfide dyes and vat dyes. To make up dye, a correlation of chemical structure with color 

is accomplished by using a chromogen-chromophore with auxochrome. Chromogen is a 

substance that can be readily converted into a dye or other colored compound. It is an 

aromatic structure that contains containing benzene, naphthalene, or anthracene rings. 

While chromophore is an atom or group whose presence is responsible for the color of a 

compound. It is represented by radicals; e.g. azo (-N=N-); carbonyl (=C=O); carbon 

(=C=C=); carbon-nitrogen (>C=NH or -CH=N-); nitroso (-NO or N-OH); nitro (-NO2 or 

=NO-OH); and sulfur (>C=S, and other carbon-sulfur groups) which will form a basis for 

the classification of dyes when coupled with chromogen. Auxochrome is the element that 




