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Abstract 

        Azo dye makes up the majority of the dye chemistry that is made today, these dyes are made 

from a simple process called diazotization and coupling, most of the dyes used in industry are 

called azo dyes These compounds are made up of two symmetrical or asymmetrical identical or 

non-azo alkyl or aryl radicals that are joined together by the functional group (-N=N-). It has been 

used in textile, printing, paper, and other industries for a long time. Azo dyes are the most 

important synthetic colorants, . The majority of azo dyes are prepared by diazotizing an aromatic 

primary amine and then coupling it with one or more electron-rich nucleophiles such as amino or 

hydroxyl, According to Figure 1, the chemical structure of an azo dye is composed of a backbone, 

auxochrome groups, chromophoric groups, and solubilizing groups. The azo dyes' color is 

governed by their azo bonds and related chromophores and auxochromes. 

Keyword:   azo dye, dye chemistry, diazotization, coupling, functional group (-N=N-), Colorants, 

aromatic primary amine, hydroxyl, backbone, Auxochrome, chromophore 
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1.Introduction  

 

zo dye makes up the majority of the dye chemistry that is made today, and they may 

even become more important in the future. They play an important role in the way the 

dye and printing market is run. These dyes are made from a simple process called diazotization and 

coupling, which is easy to do. Different ways and changes are made to get the desired color properties, 

yield, and particle size of the dye for better dispersibility . (Shankarling et al., 2017) 

More than 60% of all dyes are made with azo dyes (Gürses et al., 2016). Most of the dyes used in 

industry are called azo dyes (Berradi et al., 2019). 

These compounds are made up of two symmetrical or asymmetrical identical or non-azo alkyl or 

aryl radicals that are joined together by the functional group (-N=N-). It has been used in textile, 

printing, paper, and other industries for a long time. Azo dyes are the most important synthetic 

colorants, and they have been used a lot. Also, azo dyes are harmful to humans and aquatic life. This 

has led to urgent calls for the treatment of effluents that contain azo dyes to get rid of them or make 

them into useful and safe products, (Elshaarawy et al., 2017). 

 Another thing that happened is that the distribution of dyes in the water went up with the increase 

in the molecular weight of the azo dyes. This could be because the azo bonds in the dyes got bigger, 

which meant that the rate of degradation of the dyes went down. Additionally, the dispersion of colors 

in water increased with an increase in the molecular weight of the azo dyes, which was probably due 

to an increase in the molecular weight of the azo dyes due to increased azo bonds, resulting in a 

decrease in the rate of azo dye degradation. The majority of azo dyes are prepared by diazotizing an 

aromatic primary amine and then coupling it with one or more electron-rich nucleophiles such as 

amino or hydroxy. Other methods for the synthesis of azo dyes include the reduction of nitroaromatic 

derivatives in an alkaline medium, the reduction of nitroso compounds with AlLiH4, the oxidation of 

primary amines with permanganate potassium or lead tetraacetate, the condensation of hydrazines 

and quinones, and the condensation of primary amines with nitroso derivatives. The azo group can 

be covalently linked to benzene rings, naphthalenes, aromatic heterocycles, or enolizable aliphatic 

groups (Towns, 1999). These are required to produce the dye's color, with various shades of varying 

strengths. According to Figure 1, the chemical structure of an azo dye is composed of a backbone, 

auxochrome groups, chromophoric groups, and solubilizing groups. The azo dyes' color is governed 

by their azo bonds and related chromophores and auxochromes(Rauf et al., 2011). 

 

A 
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                             Fig. 1 Structure of the azo reactive dye. 

           Generally, azo dyes are defined by chemical groups that are capable of making covalent 

connections with textile substrates. The energy required to break these linkages is comparable to the 

energy required to deteriorate the support itself. The purpose of this review is to provide an overview 

of the chemical classification and structural properties of azo dyes. It is demonstrated by synthesizing 

several azo dyes using the most common method, which involves diazotizing a primary aromatic 

amine and coupling the resulting diazonium salt with a generally aromatic substrate on the one hand, 

and synthesizing symmetrical and asymmetric azo dyes on the other. Additionally, this paper 

discusses the concept of azo dye conjugation to polymers and the utilization of the Gewald reaction 

in the synthesis of azo dyes. 

2. Classification of azo dyes based on their azo group number  

The azo dyes are classified according to the number of azo links present in the dye's molecule, with 

monoazo, disazo, trisazo, polyazo, and azoic being the most common. According to the Color Index 

(CI) system, azo dyes are assigned a number between 11,000 and 39,999 that corresponds to their 

chemical structure (Table 1). The dye classification system is based on the color index number 

produced by the organization of dyers and colorists(Sandhya, 2010). 

Table 1 Classification of azo dyes in Color Index 
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2.1 Monoazo 

        The monoazo dyes are represented schematically by the following formula: Z-N=N–W (Duan 

et al., 2016). 

2.1.1 Benzene or heterocyclic derivatives Z and W  

        The ancient analog of this family, which dyes cotton, is depicted in Figure 2. They are 

distinguished by their orange hue. Other homologs exhibited improved light resistance and 

washability and were utilized to dye cellulosic fibers. 

        Orange dye is a dispersed mono azo dye that is used to dye cellulose acetate, polyamides, 

polyesters, and polyacrylonitrile. 

Among the mono azoic acid dyes, orange IV and yellow dye, which are used to color wool and nylon, 

should be mentioned. Figure 2 

 

Fig.2 Monoazo Dye 
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2.1.1.1 Z benzene with W naphthenic acid 

        Figure 3 depicts various analogs to this category of dyes, including a red dye with mordant (a) 

and a blue dye (b) for wool generated from hydrochloric acid and blue dye (c). 

 

Fig. 3 Illustrates the red dye with their mordant (a), the blue dye (b) and the blue dye (c). 

2.1.1.2 Z and W are composed of naphthalene. 

       They are commonly used to dye polyamide substrates black and produce a chromium complex; 

a representative of this family is the textile dye Mordant Black 17, [CI No.15705], a monosulfonated 

aromatic azo compound widely employed on a large scale by numerous textile and dyeing industries. 

(Figure 4)(Karunya et al., 2014). 

 

Fig.4 Mordant black 17. 
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2.2 Diazo primary 

        This type of dye was synthesized via a coupling process between two moles of di azoic acid on 

the same coupling term. These dyes are brown, green, matt blue, and black in color. They are 

compounds of resorcinol and m-phenylenediamine. In Figure 2 illustrates a brown dye that is 

commonly used to color wool. 

2.2.1 Secondary diazoic compounds that are « symmetrical » 

         Additionally, this class contains a greater quantity of direct dyes than acid and mordant dyes. 

They are formed by diazotizing a diamine twice and copulating it with identical or different words. 

The structure of the blue direct dye is shown in Figure 5. It has the benzidine function. The production 

of an asymmetric azo dye is illustrated in Figure 6 .(Bayer, 1976). 

 

 

 

 

 

 

Fig. 5 Structure blue direct dye. 

 

Fig.6 Example synthesis of the asymmetric dye. 
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2.2.2 Secondary diazoic compounds that are « asymmetrical » 

       This sort of dye was made, according to the same source, by coupling an amino azoic acid to a 

phenolic coupler. An counterpart of this type of dye is depicted in Figure 7 .(Hedayatullah, 1976) 

Direct red is the most frequently used dye for this type of dye (Figure 8). The latter can be made using 

the diazo dye's phosgenate. This is accomplished by diazotising 6-amino-3,4-azo-dibenzenesulfonic 

acid following N-acetyl-J acid coupling. Prior to the phosgenation process, the acetyl group is 

hydrolyzed.(Forster et al., 2017) 

 

Fig.7 Structure of the orange direct dye. 

 

 

Fig.8 Structure of the direct red dye. 

2.3 Polyazo dyes 

    Are complex dyes that contain the azo group three or more times within the same molecule. They 

are designed for coloring leather and come in dark colors of red, brown, and black. 3.  

3. Classification of azo dyes into functional groups based on their reactive properties. 

3.1 Monochlorotriazine and dichlorotriazine 

      Figure 9 illustrates the synthesis process for a homologue of mono chlorotriazine dyes.(Xie et al., 

2014) 
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Fig.9 Synthesis route of an example of monochlorotriazine dyes. 

       The chemical structure of the monofunctional azo reactive dye containing the dichlorotriazine 

function is depicted in Figure 10 .(Shore, 1995b) 

 

       Fig.10 Mording red proction M-2B  
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  These dyes have a high affinity for cellulose at temperatures ranging from 20 to 30 degrees Celsius. 

When a single chlorine ion is replaced by a hydroxyl ion or a cellulosic ion, the reactivity of the 

second chlorine is significantly reduced. In an alkaline media, ionization of the hydroxyl group leads 

in the relocation of the negative charge of the triazine ring's atoms, the inactivation of the chlorine 

atom, and a decrease in the electrophilicity of the carbon that links to the chlorine. 

3.2 Mono-amino-chlorotriazine  

        Its chromophoric groups are identical to those of dichloro triazine. It has an active chlorine atom 

and the NH2 group (Figure 11). These groups have a lower affinity for dichloro triazine. The -NH- 

connection between the chromophore and the reactive group has an effect on the dye's dyeing 

characteristics and solubility (Shore, 1995a). The binding of mono and dichloro triazine occurs via a 

nucleophilic substitution mechanism mediated by the triazine nucleus's attractive electron action. 

When exposed to an alkaline atmosphere. The hydrolysis reaction was halted since the carbon 

contained the chlorine atom. Due to the delocalization of the triazine nucleus's electronic doublets 

caused by the negative charge of the hydroxyl ion, the car-bon enclosure becomes electron-rich 

(Figure 12).(Zollinger, 2003). 

  

Fig. 11 Structure of the Cibacron shiny red dye B. 

 

 

 

Fig. 12 Mechanism of fixing and hydrolysis of the mono and dichloro triazine dye. 
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3.3 Pyrimidines 

          Include the following di- and tri-chloro pyrimidine compounds, chlorofluoropyrimimidine, and 

fluoropyrimidine derivatives: 

3.3.1 Trichloro pyrimidine  

        On the one hand, dichloro pyrimidine was synthesized by reacting trichloro pyrimidine with a 

less reactive and more resistant to hydrolysis in acid and alkaline media arylamine. Trichloro 

pyrimidine (Figure 13) was produced by replacing the chlorine atom in tetrachloropyrimidine with 

an arylamine via a nucleophilic substitution. To get a satisfactory fixation on a cellulosic kind of 

textile material, these dyestuffs require a higher temperature range that can exceed the boiling point. 

This sort of dye was created by forming a bond with a more resistant to hydrolysis textile 

substance.(Shore, 1995a) 

 

Figure 13. C.I. Reactive red 17. 

3.3.2 Chlorofluoropyrimidine  

        The increase in reactivity of these dyes was achieved by substituting fluorine for chlorine. While 

the connection formed with the textile fiber is more permanent in an acid media, it becomes 

susceptible to oxidation by peroxide molecules in the presence of light. The optimal temperature 

range for this sort of dye fixation is between 40oC and 50oC. Figure 14 illustrates one of these dyes, 

which were part of the Drimaren K or Levafix E-A family of commercial dyes.(Shore, 1995a) 

 

Fig.14 Dye type 5-chloro-2, 4-difluoropyrimidine. 
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3.4 Dichloroquinoxaline  

         This dye exhibits a significant degree of reactivity with dichloro pyrimidine, dichloro triazine, 

and difluoro pyrimidine dyes. The fiber-dye bond has been found to be less resistant to strength when 

exposed to peroxides, light, and/or heat. The optimal temperature for a satisfactory fixation is around 

50C. These dyes are classified as Levafix E or Levafix E-A (Figure 15). 

 

Fig.15 Azo red dye reactif Levafix E. 

3.5 Vinyl sulfone  

       The reactive group in these types of cores is -sulfatoethylsulphone (SO2- (CH2)2 –O–SO3Na). 

The latter was inert in acidic and neutral environments but became active in an alkaline environment, 

as illustrated in Figure 16. 

 

Fig.16 Reaction of the active part of the vinyl sulfone-type. 

         The process of attachment to the cellulosic fibers was accomplished through a reaction of 

nucleophilic addition, which results in the formation of a cellulose ether (Figure 17). As a result of 

the hydrolysis reaction, hydroxyethyl sulfone is formed (Vickerstaff, 1950). 

 

Figure 17. Fastening mechanism with cellulose fiber. 
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       In terms of reactivity, this dye was placed between highly reactive heterocyclic systems such as 

dichloro triazines and difluoro pyrimidines on the one hand and difluoro pyrimidines on the other. 

On the other hand, there are those with a low reactivity based on mono chlorotriazine or trichloro 

pyrimidine. These dyes had a modest affinity in comparison to halohydrocyclics. It exhibits excellent 

water resistance in an acid medium, and its optimal pH-binding temperature was determined to be 

between 40oC and 60oC. Remazol is one of the trade names for this type of dye (Figure 18). 

 

Fig.18 Structure of the reactive blue dye 19. 

    Due to the presence of the sulphatoethylsulfone group, the compound has a higher water solubility 

(-O-SO3Na). After removing the sulfone group in an alkaline media, this solubility was lowered and 

the affinity for cellulose increased. 

3.6 Bis-mono chlorotriazine  

           This dye was applied to the cellulosic fiber substrates due to its higher affinity for depletion at 

80C, which enables a fixation rate of between 70% and 80%. The molecules of this type of dye have 

a double dimension in comparison to their homo functional counterparts. (Figure 19).(Akhtar et al., 

2005) 

                  Fig. 19 Structure of the dye C.I. Reactive Blue 171. 

3.7 Bis-amino nicotine triazine  

   These dyes were obtained by a substitution reaction of the chlorine in the triazine ring by a carboxy 

pyridine acid. The application temperature at depletion is higher than boiling in a neutral medium and 

can also be applied at 80C at pH =11 as in the case of mono chlorotriazine. The coloring and the 

solidity of these dyes with the cellulosic substrates are similar to those of the mono chlorotriazine 
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dyes. The reactivity of bis amino nicotine triazine (Figure 20) is higher than that of vinyl sulfones 

and chloro difluoro pyrimidines, plus beneficial reagents than dichloro triazines and dichloro 

quinoxalines. 

 

Figure 20. Structure of the dye C.I Reactive Red 221. 

3.8 Monochlorotriazine –sulphatoethylsulphone 

       The Monochlorotriazine-sulphatoethylsulfone can be synthesized by the reaction of dichloro 

triazine with the arylamine containing the sulphatoethylsulfone group. The reactive groups favor 

good attachment to the cellulosic fibers.(Mousa, 2007) 

        Triazine causes sulphatoethylsulfone to adsorb to fibers in a bifunctional form, because of their 

high affinity. The existence of two types of fiber-dye bonds promotes different degrees of solidity. 

While the bonds formed by this type of dye have more acid fastness than for dichloro- triazines and 

dichloro quinoxalines, hence a better fastness to washing with peroxides than for difluoro pyrimidines 

and dichloquinoxalines. Figure 21 illustrates an example of supra-gloss Sumifixe red 2BF 

(NSK).(Gül et al., 2007)  

  

                              Fig. 21 Structure of the C.I. Reactive Red dye 194. 

3.9. Mono fluoro triazine - sulphatoethylsulfone 

         Generally synthesized by an aliphatic moiety bonded to the sulphatoethylsulfone moiety and 

attached to the second reactive moiety of mono fluoro triazine. The cost of making these dyes is high 

compared with the other dyes, but this cost is compensated by their higher yield in semi-continuous 



13 | Page         Azo dye synthesis and dye performance application     Bushra S. Maulwd         Dler D. Kurda 

 

 

dyeing (Pad-Batch or Pad-Roll), their medium to high Their performance washability, high fixation 

and stability in the cold dyeing bath. 

        Figure 22 illustrates one of these dyes, Ciba C, which was introduced by the company Ciba-

Geigy in 1988. 

 

Fig. 22 Structure of the mono fluoro triazine-sulphatoethylsulfone dye. 

4. Chemical properties of azo dyes 

4.1 Adaptability 

       Among the azo group's addition reactions, hydrogenation to form hydrazo benzene (a) and 

oxidation by hydrogen peroxide and peracids to form the molecule (b) have been described in Figure 

23. The vibration frequency of the N=N bond in several azo compounds was observed to be between 

1630-1575 cm-1. This frequency may be absent if asymmetric azo derivatives exist .(Shankarling et 

al., 2017). 

 

Fig. 23 Addition reactions on the azo group. 

       In general, a dye's reactivity is determined by the structure of its reactive component. The most 

reactive compound is dichlorotriazine (Van Cott et al., 2003)(c), followed by di or tetra 

fluoropyrimidines (Parks et al., 2010) (d) and Dichloroquinoxaline (e) Vinyl sulfones (Yusoff et al., 
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1998), the bifunctional dye type monochlorotriazine/vinyl sulfone, are representative of dyes with a 

moderate reactivity. Following that, low-reactivity oxymethylchlorotriazines derived from the 

structure of amino chlorotriazines are discovered. Finally, trichloro pyrimidines have the lowest 

reactivity of all the compounds (Figure 24). 

 

Fig. 24 Chemical structures of (c), (d), (e) and (f). 

        Substantivity refers to the ability of a dye to absorb on a textile support surface, which varies 

according to the reactive component of the dye being researched.(Burkinshaw and Paraskevas, 2011). 

4.2. Z/E Isomerism 

       The azobenzene molecule is isomeric in two ways: Z and E. Due to the instability of the form E, 

it is produced via photoisomerization from the trans form (Figure 25)(Zollinger, 2003). 

 

Fig. 25 Form Z and E of the azobenzene molecule. 

        In general, isomerization is the process by which a molecule is changed into another molecule 

with identical atoms but a different arrangement of the atoms. Isomerization happens spontaneously 

in some compounds and under specific conditions. The isomerization of the azo link between the 

more thermally stable E configuration and the metastable Z configuration is required for the 

fascinating applications of azobenzene. In an acid media, the azobenzene’s' two trans and cis forms 

result in the synthesis of conjugated acids with varying conformations (Figure 26).(Spiridon et al., 

2013) 
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Fig. 26 Trans and Cis conjugated acids. 

    Similarly, the migration of amino-azobenzene results in the formation of a resonance-stable 

ammonium-azonium tautomerism (Figure 27). 

 

Fig. 27 Ammonium-azonium tautomerism. 

      Tautomerism of azo-substituted azobenzene in ortho or para in an azo moiety is a well-known 

phenomenon (Antonov, 2013). The hydroxy azobenzene tautomerism of hydroxy azobenzene rings 

is illustrated in Figure 28 (Wagner-Wysiecka et al., 2017). 

 

 

 

 

 

Fig. 28 Azophenol-quinone hydrazone tautomerism. 
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4.3. Tautomerism  

       The azo/hydrazone tautomerism results in the proton migrating intramolecularly across elements 

(Shawali et al., 2002). This allomerism tautomerism is critical for the development of specific 

properties in azo dyes, such as light fastness and dye tinctorial power. The latter determines the dye's 

profitability. As a result, azo dyes must take the form of an abundant tautomer, hydrazone (Hu et al., 

2011). Zincher et al. observed this phenomenon in 1884. is a structure for the hydroxy azo compound. 

Other tautomers exist, such as azo/imino (Köse et al., 2013) for amino azo dyes and 

azonium/ammonium (Stoyanova et al., 1996) dyes for azo dye protonation (Gordon and Gregory, 

2012). 

        The orange dye was made by combining benzene diazonium chloride with 1-naphthol and then 

condensing phenyl hydrazine with 1, 4-naphthoquinone. In general, tautomerization happens when a 

hydrogen atom migrates together with a shift in the position of a double bond. The obtained results 

indicate the presence of tautomerism (Figure 29) (Ball and Nicholls, 1982). Depending on the 

medium, hydroxy azo dyes give variable percentages of the tautomers azo and hydrazone, as well as 

azo phenol dyes that exist in azo form  (Figure 30)(Lee et al., 2001). 

 

 

Fig. 29 Form of tautomerism. 

 

Fig. 30. Azophenol dye. 

       The dyes azo-acetoacetanilide (Pearce et al., 2008) azo-pyrazolone (Khalil et al., 2005) and azo-

pyridone are represented in Figure 31 (Ertan and Gürkan, 1997). Additionally, the imino group's 

instability results in the azo form of many colors (Figure 32). 
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Fig.31 Structure of azo-acetoacetanilide, azo-pyrazolone and azo-pyridone. 

 

  Fig.32 Imino and azo form. 

       In the context of diazo dyes derived from amino-naphthol. We witness coexistence between the 

two groups, one of which is azo and the other of which is hydrazo (Figure 33). 

 

Fig. 33 Protonated tautomerism. 

        When protonation occurs at the level of the nitrogen transported by, it encourages the formation 

of an azonium tautomer stabilized by resonance. Only the colored indicators exhibit protonation 

tautomerism. 

5. Dye Performance  

       As a result of the rapid development of synthetic chemistry and textile production, not only have 

artificial dyes replaced natural dyes, but the number of artificial dyes has increased dramatically, 

leading to the gradual forgetting of natural colors. Throughout the twentieth century, concerns about 

the manufacture and use of synthetic dyes renewed consumer interest in natural colors. 
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Natural dyes are eco-friendly because they are recyclable. They are skin-friendly and may help with 

health (Sid, 2019). 

5.1 Cellulosic fibers and Natural Dyes 

     It is abundant, low cost, renewable, eco-friendly, low density, and has unique features. Cotton and 

linen, for example, are natural plants that give good clothing comfort and are frequently utilized in 

the garment industry. Diversity, climate, harvest, maturity, elevation, scale and disintegration 

(mechanical processing and steam emission), left classification, textile and technical processes all 

influence cellulose qualities (spinning and sculpture) (Ioelovich, 2008). 

    Plants (e.g., indigo and saffron) and animals (e.g., some mollusks or shellfish) as well as minerals 

(e.g., ferrous sulfate, ochre, and clay) are examples of natural dyes. Indigoid dyes are among the 

oldest natural colors known to man. Indigo is the only natural blue dye. Indigofera tinctoria leaves 

are the best source of this dye. 

     A natural dye is a dye that is utilized in several sectors such as confectionary and food coloring 

(Verma and Gupta, 2017). Natural dyes can be used to color nearly any natural fiber. Recent research 

reveals it can color some synthetic textiles. Using natural dyes has numerous jobs and restrictions. 

Given this, using natural colors in textile treatment is difficult (Singh and Srivastava, 2015). 

However, recent environmental concerns include the usage of most synthetic dyes, the need for global 

research and development to find new environmentally benign alternatives, and the use of bio-

coloring (Yusuf et al., 2017). (Figure 34) 

 

Fig.34 Application of natural colorants. 

    Natural dyes are categorized in many ways (Figure 35). Natural dyes are classified based on their 

chemical structure and assembly sources (Chengaiah et al., 2010). 
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Fig.35 Categorized Natural dyes 

      Natural dyes have experienced a rise in recent decades. Despite the fact that artificial colors are 

quick, durable, and easy to apply, natural dyes have the following advantages: 

a) Low pollutant and toxic. 

b) They are silky, shiny, and pleasing to the eye. 

c) It is possible to get carbon credits by using natural dyes instead of synthetic dyes based on 

petroleum (Samanta et al., 2018). 

d) They produce several hues. In artificial dyes, tiny variations in dyeing process or mordant can yield 

whole new colors. 

e) For clothing and food safety, natural colors can substitute synthetic dyes. 

f) Some natural colors improve with age, while manufactured dyes fade. 

g) Its anti-allergic properties make it safe for touch and non-toxic to humans. (Sid, 2019). 

Natural dyes have numerous drawbacks, as follows: 
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a) Natural dyes are expensive because they require skillful extraction, preparation, mordanting, and 

dyeing. 

b) In natural dyeing, the method and color progression depend not only on the color component but 

also on the material. 

c) A colored material exposed to sunshine, perspiration, and air may change color. 

d) More research is needed on natural dyeing science. 

e) Most natural dyes require the use of a mordant to bond the dye to the textile substrate. Using dyeing 

means that much of the sediment cannot be retrieved in the remaining dye bath, posing a severe 

difficulty for liquid waste disposal. (Singh and Srivastava, 2017).  

f) The lack of pure natural colors in powder, paste, or solution form renders direct application in the 

recognized shadow ratio problematic or impossible in some circumstances. 

5.2 Industrial Dyes 

5.2.1 Exhaust dyeing 

     In exhaust dyeing, the dye is carried to the fiber surface by the dye liquor or the dyed substrate. 

The dye is absorbed on the fiber surface and diffuses throughout the fiber. The interactions between 

dye and fiber might be chemical or physical depending on the dye employed. Exhaust dyeing is 

commonly done with diluted dye solutions, called long liquor dyeing, and can range from 8:1 to 30:1. 

Exhaust dyeing includes two primary phases: adsorption and diffusion. Most exhaust dyeing uses a 

temperature gradient, starting at a low temperature (30–40°C) and gradually increasing to a final 

temperature dependent on the colors employed (Figure 36). Depending on the dyes employed, pH 

fluctuations in the dyebath can help covalently fix the dye that has diffused into the substrate. 

 

Fig. 36 (Burdett, 1982) Temperature dependent on the colors employed   
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5.2.2 Continuous dyeing  

     Continuous dyeing is a method of dyeing and fixing fabric in one continuous operation. 

Traditionally, this is done in a production line, where units are built into lines of sequential processing 

stages, including pre- and post-dyeing. The dye can be applied directly to the substrate by spraying 

or printing it, or indirectly by immersing the fabric in a dyebath and removing the excess dye liquor 

with squeeze rollers (padding). Padding includes running the substrate through a dye liquid pad 

trough. 

5.2.3 Printing  

     Using printing processes to apply dyes is very versatile. Direct printing is the most frequent 

approach, when colors are applied as a paste incorporating thickeners and auxiliaries. 

To apply the print paste, either use a roller for engraved cylinders or use screens for flat or rotational 

screen printing. Depending on the dyes used, the prints are dried and steamed after printing. Because 

each color of the pattern has its own screen, printing machines, especially flat screen printers, can be 

rather large. Binders are used to bond pigment to the substrate surface in pigment printing. Pigment 

prints typically require simply drying/curing after printing. 

5.3 Industrial Dye classification systems 

     Dyes can be classed by chemical structure, color, application, fastness, manufacturer, synthesis 

process, and date invented, to mention a few. To build a classification system for colorants, we must 

first ask, "Who would use one?" The textile industry, paint and ink manufacturers, artists and 

designers, dye and pigment manufacturers, students and researchers are just a few examples of users 

who could benefit from a classification system. Table 2 lists some of the reasons why dyes should be 

classified. The Society of Dyers and Colorists' Color Index is now the standard for classifying dyes, 

but it was not the first attempt. Following Perkin's 1856 synthesis of Mauvine, several workers were 

inspired to create additional synthetic colorants. Although the first synthetic dyes were made in the 

UK, production moved to Germany in the late 1800s. The Manual of Colors and Dyewares by J. W. 

Slater was published in 1870, with an extended edition in 1882. The natural and synthetic colorants 

were listed alphabetically, as were the compounds used in the coloration process. A list of chemical 

materials and natural wares used in dyeing, printing, and accessory arts is provided in Slater's preface. 
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Table 2: Reasons for classification of dyes 

 

5.4 Industrial Classification of dyes by dye class   

5.4.1 Direct dyes  

      These dyes are still commonly used for cotton dyeing due to their low cost and convenience of 

usage. Except in rare circumstances where natural colorants like Annatto, Safflower, and Indigo were 

employed, cotton had to be mordanted before dyeing after William Perkins' synthesis of Mauvine. 

Griess' synthesis of an azo dye with substantivity to cotton was significant since it eliminated the 

need for mordanting. A red disazo dye made from benzidine colored cotton ‘directly' from a dyebath 

containing sodium chloride in 1884. Agfa named the dye Congo Red (C.I. Direct Red 28); its 

chemical structure is shown in Figure 37. 

 

 
Fig. 37 Congo Red C.I. Direct Red 28. 

 
       Direct dyes are characterized by chromophore, fastness, and application. To list some of the 

lesser chemical classes, there is formazan (a type of anthraquinone), anthraquinone (a type of 

quinoline), and thiazole. These dyes are easy to apply and have a wide color spectrum, but their wash-

fastness is moderate, leading to their replacement by reactive dyes with better wet and washing 

fastness on cellulose substrates (Burdett, 1982). 
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5.4.2 Vat dyes 

      These dyes are largely water-insoluble but contain at least two carbonyl groups (C=O) that allow 

reduction into a water-soluble ‘leuco compound'. The cellulose absorbs the dye in this state, and after 

oxidation, the leuco compound regenerates the insoluble vat dye within the fiber. Figure 38 depicts 

this. Indigo or Indigotin is the most important natural vat dye found in many Indigofera species as its 

glucoside, Indican. Vat dyes are utilized for very high light and moisture fastness (Preston, 1986). 

Figure 39 shows typical vat dye chemical structures. 

 

 
Fig. 38 Reactions of vat dyes 

 

 

 
Fig. 39 Chemical structures of vat dyes. 

 

     These include indigoid and thioindigoid derivatives, anthraquinone derivatives (indanthrone, 

flavanthrone, pyranthone, acylaminoanthraquinone, anthrimide, dibenzathrone, and carbazole). 
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5.4.3 Sulphur dyes 
         Sulphur dyes are utilized for deep muted colors and have strong wet and light fastness. These 

dyes have complicated structures and are mostly unknown; most are made through thionation of 

aromatic intermediates. Croissant and Bretonnière created Cachou de Laval (C.I. Sulphur Brown 1) 

in 1873 by heating organic waste with sodium sulphide or polysulphide. In 1893, Vidal made the first 

dye in this family from known intermediates. 

Color Index classifies Sulphur dyes into four categories: insoluble (C.I. ), soluble (C.I. Leuco), highly 

soluble (C.I. Solubilized) and condensed (C.I. Condense) (now obsolete). Figure 40 depicts the C.I. 

Sulphur dyeing reactions. (Shore, 1990) 

 

Fig. 40 Dyeing reactions of a Sulphur dye 

 

5.4.4 Azoic dyes 

     Colorants created in situ in textile fibers by diazonium compound interactions with coupling 

components are called azoic colorants. Some navy and black colors also utilize azoic colorants for 

their vivid shades. The color produced by these colorants depends on the diazo and coupling 

components used. Figure 41 

 

 

 

 

 

 

Fig. 41 Azoic coupling component  

5.4.5 Reactive dyes 

      These dyes are produced by the reaction of a dichloro- s -triazine dye with an amine at 

temperatures in the region of 25–40°C, resulting in the displacement of one of the chlorine atoms, 

producing a less reactive monochloro- s -triazine (MCT) dye. 

       However, because these dyes are less reactive than dichloros-triazine dyes, they require a higher 

temperature (80°C) and pH (pH 11) to bind to cellulose. Figure 42 depicts a typical MCT structure. 
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5.4.6.  Acid dyes 

     These types may be Metallic dyes which work well on nylon, wool, and silk at pH 3.0–7.0. These 

dyes provide moderate to good wet-fastness and light-fastness in the blue-scale range 5.0–6.0. These 

colors are water soluble due to sulphonate groups (SO 3 Na). These dyes are azo dyes, the largest dye 

class with the widest color range. Figures 43 show three instances of these colors. 

 

Fig. 42 MCT dye (C.I. Reactive Red 3). 

 

 

Fig. 43 C.I. Acid Red 266 (monoazo).   

 

    Not all non-metallized dyes are created equal. Also, because nylon 6 has a lesser crystallinity than 

nylon 6, dyes take up more on nylon 6 for a given pH range. 

    Metal complex dyes contain the mordant metal within the dye molecule, eliminating the need for 

a separate mordanting stage. Metal-complex dyes are divided into two types: 1:1 and 1:2. The metal-

complex dye is composed of one metal atom (typically chromium) plus one or two dye ligand 

molecules. Figures 44 illustrate examples of each metal-complex structure. 

     To achieve effective migration of 1:1 metal-complex dyes, highly acidic conditions are required. 

These circumstances can severely degrade nylon fibers, limiting the use of these colors for nylon 

dyeing (Waring and Hallas, 2013). 
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Fig. 44 C.I. Acid Red 183 (1:1 metal-complex). 

   The 1:2 metal-complex dyes offer high saturation values, strong compatibility in combination 

colors, and good light- and wet-fastness. 

5.4.7 Disperse dyes 

     These dyes are applied to hydrophobic fibers from an aqueous dispersion and are typically 

insoluble or sparingly soluble in water. 20 They are mostly used on polyester; however, some colors 

work well on nylon, cellulose acetate, and acrylic fibers. Following dyeing, the substrate is 

frequently given a reduction clear to remove dye that could cause staining if left untreated. 

Traditionally, these dyes were applied to polyester at the boil, with a carrier in the dyebath to aid in 

dye diffusion. Carriers produced several issues for dyers, including persistent carrier odor on fabrics 

and diminished dyed cloth lightfastness. These dyes are now applied to polyester without carriers at 

temperatures around 130°C; the reduction clear is still performed after dyeing. Figure 45 shows a 

typical disperse dye structure. 

 

Fig. 45 Chemical structure of a disperse dye (C.I. Disperse Red 7). 

5.4.8 Basic dyes 

     These dyes are commonly used on acrylic, paper, nylon, and some modified polyester substrates. 

21 Basic dyes are water soluble and form-colored cations in solution, which attract negatively charged 

substrates electrostatically. The positive charge can be localized on an ammonium group (high 

tinctorial strength) or diffused over the dye cation as in many triarylmethane, xanthenes, and acridine 

dyes. Figures 46 show examples of localized and delocalized charge dyes. 
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Fig.46 Localized charge basic dye (C.I. Basic Blue 22). 

   

6. Discussion 

   Due to their poor migration at the boil, basic dyes are typically used with retarders. This poor 

migration is attributed to the dye's high solid content and quick diffusion at high temperatures. Using 

retarders requires care to avoid blocking anionic sites in the substrate, limiting dye uptake and 

making dark hues difficult (Clark, 2011). 

Azo dyes are currently the most important dye chemistry, and their importance may grow in the 

future. Azo dyes are widely utilized in the food, pharmaceutical, paper, cosmetics, textile, and leather 

sectors. They make up 50% of all dyes synthesized. 

     An azo coupling component with an active hydrogen linked to a carbon atom is easily 

synthesized, as shown by the findings in this review. This is an electrophilic aromatic substitution 

process. This process produces around 60% of dyes created. 

     The azo coupling reaction between diazonium salts and aromatic amines, phenols, or naphthol 

produces dark compounds (azo dyes). These dyes are frequently employed in high-tech applications 

such as lasers and nonlinear optical systems (Matsuoka, 2013), thermal transfer printers, and fuel 

cells . The dyeing of textiles, leather, paper, food, cosmetics, and medicines (Lucas et al., 2007)is 

also sensitive. The latter come from the azo group's characteristics and types of substituted aromatic 

ligands. These colors are also involved in DNA inhibition, RNA and protein production, cancer, and 

nitrogen fixation. 

These dyes also have good optical properties (Blackburn and Coe, 2011)and can be used in liquid 

crystals and nanotubes . azo-functionalized dyes with aromatic heterocyclic compounds have 

recently gained popularity due to their wide color range, luminosity, ease of synthesis, and dyeing 

performance (Derkowska-Zielinska et al., 2017). 

     In the following paragraph, we discussed modern azo dye uses like azo-polymer conjugation. 

Covalent or non-covalent bonds promote this conjugation. 
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This is because the components containing higher dye concentrations are used to make polymeric 

dyes. Tonic resistance is thus higher than molecular weight derivatives of distinct chromophores 

(Marechal, 1982). 

 

7. Conclusion 

    Azo dye has a wide range of applications in the industrial field and can also be utilized as an active 

pharmaceutical component to create drugs. Because of the N-N group and resonance, it has an 

effective effect against parasites and exhibits high biological activity. In terms of dye performance, 

it plays an important role in dying fibers, either directly or indirectly, depending on the structure and 

auxochrome present, which support the strength of binding azo compounds to fibers, as well as 

groups such as carboxyl and sulfonate groups, which increase the solubility of azoic groups while 

decreasing their toxicity. As a result of rapid industrial expansion, very complex wastewaters are 

being produced, which represent a major threat to the environment, jeopardize long-term 

development, and necessitate the development of new treatment methods that are more successful 

at dealing with the problem. Science and technology face a number of challenges, one of which is 

figuring out how to biodegrade xenobiotics such as azo dyes, which are almost impossible to 

decompose under natural environmental conditions. These chemicals have a high potential for 

bioaccumulation in the environment and are known to have allergic, carcinogenic, mutagenic, and 

teratogenic effects on humans, among other effects. The majority of approaches for removing azo 

dyes from effluents are physical-chemical in nature. Due to the accumulation of concentrated sludge, 

which also poses a large secondary disposal problem, and the production of harmful end-products, 

these procedures are frequently very expensive and limited. Alternative, low-cost biological 

treatment systems that can totally biodegrade and detoxify even the most difficult-to-biodegrade azo 

dyes may be available through the application of biotechnology. 
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