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❖ Interaction Between Dyes and Fibers 
     In the process of dying, the dye molecules bind with the fiber by some sort of attractive force which 

can be physical or chemical in nature. The fastness of the dye depends upon the nature and extent of these dye-
fiber forces. In this chapter, we will discuss the types of interactions between dye and fiber. 

➢ Physical Theory 

     According to the physical theory of dye-fiber interaction, dye molecules are retained by the fiber via 
van der Waal forces or hydrogen bonding.  

     Some of the most important characteristic features of the physical theory of dye-fiber interaction are 
given below.   

1. The fastness of dye in this type of interaction increases with increasing molecular size.

2. Dye’s fastness decreases as the solubility increases.

     One of the most common examples of dyes showing this type of interaction is the coloring of the 
cellulosic by solubilized vat, direct, sulfur, and vat dyes. 
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➢ Chemical Theory 

        According to the chemical theory of dye-fiber interaction, dye molecules are retained by the fiber 
via the chemical bond.  

        Some of the most important characteristic features of the chemical theory of dye-fiber interaction are 
given below. 

1. The dye as well as fiber, are required to have reactive groups.

2. Dye’s fastness decreases as the number of reactive sites increases.

3. In most cases, the bonding’s nature is ionic but can also be covalent in some.

4. An electrolyte is added after the ‘half dying process’ to exhaust the bath.

5. Sometimes the dying-rate is so high that leveling agents are needed for a more uniform effect.

        Some of the most common examples include dying of wool or nylon or silk with acid dye, dying of 
acrylic or silk or cationic polyester with a basic dye, and coloring of anionic polyester with sulfur, vat, reactive 
or direct dyes. Furthermore, the coloring of cotton by reactive dye material also results in the formation of 
chemical bonds (covalent interaction).  

➢ Physio-Chemical Theory 

        According to the physio-chemical theory of dye-fiber interaction, dye molecules are retained by the 
fiber via physical bonds.  

        Some of the most important characteristic features of the physio-chemical theory of dye-fiber 
interaction are given below. 

1. The fastness of dye in this type of interaction is enhanced by increasing molecular size by the reaction of
fiber-retained dye with some other chemical species. 

2. One component must be the dye; however, the other component can be the dye or non-dye chemical.

        Some of the most common examples of dyes showing this type of interaction are mordant dyeing of 
wool, mordanting of cotton in basic dyeing, back tanning of dyed protein fiber. 

➢ Fiber-Complex Theory 

        According to the fiber-complex theory of dye-fiber interaction, dye molecules are retained by the 
fiber via the formation of a complex.  

        Some of the most important characteristic features of the fiber-complex theory of dye-fiber 
interaction are given below. 

1. The dye on its own is not able to enter the fiber’s matrix due to lack of affinity or large molecular structure.

2. The reaction of two different compounds under feasible conditions.

        One of the most common examples of dyes showing this type of interaction is cotton’s coloring with 
insoluble azoic. 
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➢ Solid Solution Theory 

     According to the solid-solution theory of dye-fiber interaction, dye molecules are trapped inside by 
the fiber material under suitable conditions.  

     Some of the most important characteristic features of the solid-solution theory of dye-fiber interaction 
are given below. 

1. The dyestuff as well fiber, both are in the solid phase.

2. Dye gets trapped in the hydrophobic fiber, forming a solid solution.

3. The dyeing is carried out at a higher temperature to facilitates the passage of dye molecules into the fiber.

     One of the most common examples of dyes showing this type of interaction is dying man-made 
material with disperse dye. 

➢ Pigment or Mechanical Theory 

     According to the pigment or mechanical theory of dye-fiber interaction, dye molecules are attached 
to the fiber via a binding agent. 

     Some of the most important characteristic features of the pigment theory of dye-fiber interaction are 
given below. 

1. The dye has no reactive sites, no affinity for the fiber, and is insoluble in most of the solvents.

2. The fiber becomes more stiff and the dye’s fastness depends upon the film’s longevity.

     Some of the most common examples of dyes showing this type of interaction are the dying of fabric, 
pigment colors. 
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