Detailed About Reactive Dyes
Reactive dyes form a covalent bond between fibre and dye. They are classified depending on the reactive  group present and the optimized conditions in which they are best used. 
Reactive dyes are categorized by functional group 

	Functional group
	Fixation
	Temperature
	Included in Brands

	Monochlorotriazine
	Haloheterocycle
	80˚
	Basilen E & P
Cibacron E
Procion H,HE

	Monofluorochlorotriazine
	Haloheterocycle
	40˚
	Cibacron F & C

	Dichlorotriazine
	Haloheterocycle
	30˚
	Basilen M
Procion MX

	Difluorochloropyrimidine
	Haloheterocycle
	40˚
	Levafix EA
Drimarene K & R

	Dichloroquinoxaline
	Haloheterocycle
	40˚
	Levafix E

	Trichloropyrimidine
	Haloheterocycle
	80-98˚
	Drimarene X & Z
Cibacron T

	Vinyl sulfone
	activated double bond
	40˚
	Remazol

	Vinyl amide
	activated double bond
	40˚
	Remazol


Depending on the type of reaction, the reactive dyes are broadly divided in to two categories: A. Dyes reacting through Nucleophilic substitution reactions

B. Dyes reacting through Nucleophilic addition reactions.

A. Dyes reacting through Nucleophilic substitution reactions:
(1) Dichlorotriazynilamino types of dyes
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These are more reactive than monochloro type of dyes and require  lower temperature and milder alkali for dyeing and fixation. These are known as Cold brand reactive dyes.

(2) Monochlorotriazynylamino type of dyes
D
NH
N
Cl
N
N



These  require  higher  temperature  and  stronger  alkali  for dyeing and fixation. These are called hot brand reactive dyes.

NR2
(3) Monofluortotriazynylamino dyes
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(4) bis–Triazinyl dyes. (5) Supra type of dyes.
(6) Di or trichloropyrimidylamino dyes.
B. Dyes reacting through Nucleophilic addition reactions:
(1) Dyes containing Vinyl sulphone group
As such this is not soluble in water, so it is marketed in its soluble form i.e., β - hydroxy ethylene sulphone sulphuric acid ester derivatives.

RSO2  –CH2  -CH2OSO3Na
(2) Dyes containing Acrylamido group
O
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The carbonyl  group  is  less  powerfully  electron  withdrawing group and also reactivity is less as compared to vinyl sulphone

type.
(3)
α‐ chloro acrylamido dyes
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Due to the presence of chlorine atom, they are more reactive than acrylamido dyes.

Chemistry behind Reactive Dyeing:
The dyeing principle is based on fiber reactivity and involves the reaction of a functional group of the  dyestuff with a site on the fiber to form a covalent link between the dye molecule and the substance.

The Four structural feature of typical reactive dyes molecule are:

1.  The chromophoric grouping, contributing the color

2.  The reactive system, enabling the dye to react with hydroxy group in cellulose.

3.  A bridging group that links the reactive system to the chromophore.

4.  One or more solublising group, usually sulphuric acid substituent attached to the chromophoric  group for their colour, although the azo chromophore –N=N- is by itself the most important.

All the reactive dyes contain sodium sulphonate group for solubility and dissolve in water to give coloured sulphonate anions and sodium cations. Most reactive dyes have one to four of these sulphonate group, General form of reactive dye is as follows:

S-----C----B----X

Where, S = Solubilizing group

C = Chromophoric group
B= Reactive group
X = Halogen containing group
The reaction between Cellulose and Reactive Dyes:
Dyeing of cellulosic fibres with reactive dyes consists of two phases: first, the exhaustion phase, where the dye is absorbed by the material in neutral medium, secondly the fixation phases, where the reaction between the dye and the fibre takes place.

Cellulose in its reaction with reactive dyes has been considered as alcohol. The electro negativity of oxygen atoms governs the tendency of hydroxyl group to ionize. Cellulose is consequently ionized under  alkaline conditions and can act as nucleophilic reagent and shows subsequent reactions with acid halides ( nucleophilic substitution).

The mechanism of nucleophilic substitution is as follows.
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Most of the reactive dyes require alkaline catalyst for their fixation on fiber.

During dyeing with vinyl sulphone dyes, vinyl sulphone group is formed from the parent dye under alkaline conditions. These dyes may be represented by

δ-
 δ+

D − SO2   − CH2  − CH2  − OSO3Na .

The mechanism of  nucleophilic addition reaction is as follows.

When alkali is added to vinyl sulfone dye, it is converted to
O
D S CH 
CH2
O
And, then reacts with fiber as follows
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Requirement of sequestering agent during dyeing with reactive dyes
The water in the dyebath may contain metallic ions. Hence, there is a danger of uneven dyeing such as specking. The reduction of the concentration of the dye will be caused by the dyestuff's coagulation and reduced solubility. Metallic ions can also be introduced by impurities in Glauber's salt or common salt, so even when soft water is used in the dyeing, the presence of metallic ions can lead to problems. Sequestering agents effective in neutral to alkaline conditions are preferable, and agents combining the effects of  sequestering agents with those of anionic surfactants and marketed for use with reactive dyes are now  being developed.

The role of washing off agents in reactive dyeing
Washing off agents are necessary to remove the dye from the dyed material in order to correct the faulty dyeing. Soaping agents disperse hydrolysed dyestuff and keep them in the water bath, preventing their re-deposition on the substrate.

Inorganic salts  have  two  main  functions  in  exhaustion  dyeing  with  reactive dyestuffs:
1.  Improving the affinity of the dyestuff

2.  Acceleration of the dyestuff's association and lowering of its solubility.

Improving the affinity and thus the exhaustion of dyestuff during primary exhaustion serves to raise the  exhaustion rate of reactive dyestuffs. Because reactive dyestuffs have a lower affinity than direct dyestuffs, more inorganic salt is required when using reactive dyestuffs in order  to  accelerate  absorption.  Thus,  while  around  10g/l  of  Glauber's  salt  is  usually appropriate for dyeing with direct dyes, an average of 50g/l is used with reactive dyes. While the amount of inorganic salt used varies according to the type of dyestuff  used, recently developed high-fixation dyestuffs with improved affinity allow the amount of inorganic salt to be reduced. The amount of inorganic salt used can also be reduced when the concentration of  the  dyestuff  is  low.  The  following  displays  the  amount  of  Glauber's  salt  used,  the exhaustion rate and the fixing rate for a conventional dye and a high-fixation dye.

Because inorganic salts accelerate the association of water-soluble dyestuffs and lower the solubility of dyestuffs, an excess of inorganic salt may in fact slow down the absorption of some dyestuffs, and so care is necessary when inorganic salts are used.

The effectiveness of the inorganic salt is not decided by the ratio of its quantity to the quantity of fabric (o.w.f.) but rather by its concentration in the dyebath (g/l). Hence, the effect of inorganic salt can be reduced by lowering its concentration.

Control parameters of reactive dyeing:
Process parameters:
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   Internal fabric pH
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   Working liquor ratio on the machine
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   Effective salt concentration (actual)
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   Effective alkali concentration (actual) [image: image5.png]


   Rate of heating
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   Rate of cooling
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   Fixation temperature
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   Fixation time
Raw materials:
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   Man (training, understanding, supervision) [image: image11.png]


   Water
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   Common chemicals (Salt, Alkali)
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   Specialty chemicals (Auxillaries) [image: image14.png]


   Reactive dyestuffs

Reactivity and affinity of the dyes:
If the reactivity of the dye is increased considerably, the rate of reaction with the fibre increases. Therefore, the dyeing can be carried out in a very short time. However, in this case the rate of hydrolysis of the dye also increases, leading to deactivation of part of the dye. This results in the wastage of the dye. If, on the other hand, the reactivity of the dye is decreased, the extent of hydrolysis can be reduced considerably. However, this results in the slower rate of reaction with the fibre also. The ultimate object of dyeing is to react as much of the dye as possible with the fibre and the minimize the hydrolysis of the dye. This is achieved in practice in two stages. The dyeing is first started from the aqueous medium under neutral conditions when the dye does not react with the fibre or with water. Then Glauber’s salt or common salt is added to exhaust the dye onto the fibre as much as possible. Then the second step of dyeing i.e. fixation of the dye on the fibre is carried out by adding the alkali (usually soda ash). Since the exhausted dye is

already on the fibre , it is more likely that the exhausted dye reacts with the fibre in the preference to  water. However, the dye present in the dye bath containing substantial amount of reactive dye can now react with water since it is under alkaline conditions. It is already stated that the hydrolysed dye  cannot  further react with the fibre due to affinity force, it is adsorbed by the fibre and is retained in it.

During the  subsequent  washing  or  soaping  the  substantivity  held  hydrolysed  gets stripped into  the  washing fastness of the dyeing. If the affinity of the original dye is reduced to a very low value this problem will not arise, and a rigorous treatment of the dyeing with boiling soap or detergent  solution removes almost all hydrolysed dye. However, if the affinity is very low, exhaustion of the dye bath prior to fixation cannot be achieved substantially.

This results in the larger amount of the reactive dye remaining in the dye bath and getting hydrolysed when alkali is added subsequently. If the dye has high affinity for cellulose like a direct dye, it becomes difficult to remove the hydrolysed dye from the dyeing since it is also adsorbed by  and  retained in the fibre by fairly strong affinity forces, though not as strong as the covalent bond formed between the dye and the fibre. Hence in the actual practice low affinity dyes are selected for converting into reactive dyes.

pH of the dyebath:
For most of the dyes the optimum pH is 10.8 to 11.0 at  20-25°C. soda  ash has been  the  best alkali for dyeing
at 30°C for cotton, mercerized cotton and linen. Increased fixation (due to higher  temperature)  and  increased  dyebath  stability  and  better  reproducibility  are  the advantages of soda ash as the fixing agent.

Amount of alkali:
The amount of alkali used for the fixing depends upon the depth of shade dyed and the liquor ratio employed. Some quantities of alkali required for fixing the reactive dyes are given:

	% Shade
	Soda Ash
	
	Caustic Soda

	
	Liquor Ratio
	
	Liquor Ratio

	
	5:1
	10:1
	20:1
	
	30:1
	40:1
	50:1

	Up to 0.5
	5
	5
	2
	
	2
	1
	1

	0.5-2.0
	10
	5
	2
	
	2
	2
	2

	2.0-4.0
	15
	10
	5
	
	4
	3
	4

	More
than

4.0
	20
	15
	10
	
	5
	5
	6


Dyeing temperature:
Since increase  in  the  temperature  affects  the  rate  of  physical  and  chemicals  processes involved in dyeing, it is important in dyeing reactive dyes also. The affinity of the dye for the fibre decreases with increases in the temperature (the dyeing being an exothermic process), and at the same time the rate of the hydrolysis of the dye increases and adversely affects the fixation of colour yield.

However, the rate of diffusion of the dye in the fibre increases with increased temperature. At temperatures lower than 20°C, the rate of fixation is very low. Hence for most of the dyes a temperature, while for some  others' dyeing at 50-60°C with sodium bicarbonate as alkali gives maximum colour value.

Electrolyte  concentration:
Since reactive dyes have low affinity for cellulose, exhausting the dyebath
can
increase the
fixation, by adding
the
common
salt or
Glauber’s salt prior to fixation .The

amount of the salts required to produce adequate exhaustion decreases with decreasing liquor ratio.

Time of dyeing:
Generally the dye may be added in two portions. The salt may also be added in two lots. The exhaustion takes place in 20-30 minutes. The
alkali  is  then  added  in  two  lots  and  the dyeing   is continued for 30-90 min. The depth of shade and the reactivity of the dye decide the time of dyeing. For deeper shades, longer times are required.

Liquor ratio:
With increased liquor ratio, both exhaustion and fixation takes place to increased extent. However, the rate of fixation of most of the dyes is not significantly affected. As the liquor ratio is decreased, the effectiveness of increasing salt addition also decreases. Hence lower amounts of salts are sufficient to get optimum exhaustion.

Dyeing of hot brand reactive dyes:
In this case the dye

is
not
as reactive as the cold brand dyes and hence higher temperatures are required for achieving adequate fixation. The pH of the dyebath depends on the temperature  of
the dyeing, which is in the range of 65-80°c for cotton and viscose rayon.

As with cold brand reactive dyes, and increase in temperature generally results in the weaker shades of hot brand reactive dyes because of the decreased affinity at higher temperatures and the consequent reduced fixation. Similarly lower temperatures reduce the reactivity and hence produce lower colour value unless the dyeing time is prolonged or the pH is increased larger amounts of common salts or sodium sulphate   should be used for   exhaustion (50 gpl, 75 gpl for shades of up to 1%, 1-3% and above 3% respectively). The dyeing time is generally the same as in the case of cold brand reactive dyes.

After treatments:
After the completion of the dyeing process the dyed substrate is rinsed with cold water. Then soaping is carried  out to remove the hydrolysed dye present on the fibre. This is the dye, which is reacted with the water  molecule, hence called as the hydrolysed dye. This dye remains unreacted on the fibre surface. Soaping  treatment thus removes the unreacted dye present on the fibre thus improving the brilliancy of the fibre. After the soaping treatment few hot washes are given and with one cold wash the substrate is sent for drying.

Conclusion:
Despite the growing use of synthetic fibres over the past few decades, cellulosic fibres still account for more than half of the world’s consumption of textile fibres. Reactive dyes are the most important means of colouring cellulosic and cellulosic blends. Reactive dyes still offer ample scope for further improvement in  the dyeing of cellulose. Improvement in pigment printing systems now offers stiff competition to reactive dye system. It is to be expected that reactive dyes will continue to attract a considerable research effort aimed at more efficient dyeing systems for many years to come and that this effort will not be unrewarded.
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