
INTRODUCTION

Silk :
Silk occupies a place of distinction amongst the textile fibres. The fibre owes its popularity to

its valued aesthetic appeal, appreciable strength and also a high wearer comfort. Historically silk
holds a place of importance as a fibre with its beautiful lustre and drape.

This natural protein fibre finds application in a very wide range of apparel, home furnishing
and even industrial uses. This being said along with its unchallenged position as a mark of beauty
and luxury, the colouration of silk is obviously extremely important for its commercial status. As
with all textiles, the dyeing of the fibre is expected to deliver the following,

– An even, full bodied colour.
– A moderate to excellent colour fastness.
– Availability of a wide range of shades.
– Ease of application in both batch and continuous processes.
– Least alteration to the fibre’s natural properties.
Silk is a natural protein, like wool fibre. It is composed of amino acid containing polypeptide

chain polymers. It is produced widely from a variety of silkworms such as the Cecropia moth from
North America, the Tussah, Muga and Eri moths from India and the Anaphe moth from Africa.
Commercially production is carried by the Mulberry Silk Moth, Bombyx Mori. Silk is primarily a bi
stranded fibroin filament which is enclosed in an outer coating of the sericin protein. About 75 % of
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ABSTRACT
Reactive dyes are unique due to their ability to form covalent bonds with the substrate they interact
with. This renders dyeings which are valued for their excellent fastness properties. The drawbacks
associated with reactive dyes have been a concern to environmentalists. Their tendency to hydrolyse,
resulting in low dye utilisation along with requirement of large amounts of glauber’s salt and sodium
carbonate, gives rise to highly toxic effluents. Progress in the field of improving their eco-friendliness
have taken centre stage. Reactive dyes have been extremely popular for dyeing of cellulosic and to a
great extent wool. Dyeing of silk with reactive dyes has shown promising results and research in
improving the process is underway with the advent of new reactive dye species, process modifications
and surface modifications.
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the strand is silk i.e. fibroin and 23 % is sericin; the remaining materials consist of fat and wax (1.5
%) and mineral salts (0.5 %). Bombyx mori silk fibroin contains a high proportion of three -amino
acids, Glycine (45%), Alanine (29%), and Serine (12%), in the approximate molar ratio of 3:2:1,
respectively. Tyrosine, Valine, Aspartic acid, Glutamic acid, etc. make up the remaining 13%. There
are a low proportion of amino acid residues with large side chains in silk and hence fibroin has
highly oriented and crystalline structure. It is also known to consist of small amount of amino acids
which have acid or basic side chains (http://wwwchem.uwimona.edu.jm/courses/CHEM2402/
Textiles/Animal_Fibres.html (December, 2017) and  Komatsu, 1979).

Sericin, called silk gum, is a minor component of the fibre and it also has some impurities such
as waxes, fats and pigments. Sericin is yellow, brittle, and inelastic substance. It acts as a binder for
the twin fibroin filaments and conceals the unique lustre of the fibroin. Sericin is an amorphous
structure and it is easily soluble in hot soap solution (http://wwwchem.uwimona.edu.jm/courses/
CHEM2402/Textiles/Animal_Fibres.html (December, 2017) and  Komatsu, 1979).

Mechanism of dyeing silk is dependent not only on the free amino and carboxyl groups but
also on phenolics with accessible –OH group. Because of slightly cationic character of silk with
isoelectric point at above pH 5.0, it can be dyed with anionic dyes. Owing to its hydrophilic nature
and amphoteric properties, silk displays substantivity towards virtually every dye type (Uddin and
Hossain, 2010 and  Rehman et al., 2015). There are numerous ranges of dyestuff available for use
in silk dyeing. Almost every class of dyestuff used for cotton or wool can be used for dyeing silk. In
general, the dyestuffs are applied by techniques similar to those of wool or cotton. However,
because of the fineness of cultivated silk fibres and their smooth, triangular section, the dyeing
behaviour of such fibres resembles that of microfibre synthetic fibres as more dye is required to
obtain a given depth of shade on cultivated silk than that required for conventional wool or nylon
fibres and dyeings display typically low fastness to wet treatments (Burkinshaw and Paraskevas,
2011). Many workers, over many decades, have sought to improve the dyeing of silk by, for example,
optimised dye selection and application methods, optimised dye structures, after treatment, pre-
treatment, fibre graftingand dyeing in the presence of supercritical CO

2
.
 
In this context, considerable

efforts have been extended and many researchers have focussed on the application of reactive
dyes to silk as a means of achieving dyeings of high wet fastness. However, as no exclusive
reactive dye range has been developed for silk, the various publications pertaining to the dyeing and
printing of silk with reactive dyes relate to the use of reactive dyes intended for other fibres

Reactive dyes :
As is well known, the first synthetic textile dye was introduced in the year 1856 by Sir William

Perkin. This discovery was accompanied with an unparalleled boost in the chemical industry in
general and the organic chemical knowledge base in particular. These developments had even
earned Sir William Perkin a title of the “The father of chemical engineering” . In the subsequent 50
years that followed, all except one type of dye known for cellulosic today had been introduced,
promising improved performance and many manufacturing and application refinements. But no
new dye application category had emerged. It was in 1956 that IC1 introduced, the first dyes for
cellulosics which would actually react with the fibre molecules, to form covalent dye-fibre bonds.
These were the Reactive dyes (Aspland, 1992).

Today reactive dyes have established themselves as a highly successful class of modern
synthetic dyes with a large shade range, flexible application options and most importantly excellent
colour fastness properties. They have acquired an enviable position in the dyeing of cotton, wool,
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regenerated cellulosic and also silk fibres.
The reactive dyes offer uniqueness by the fact that these, unlike the other dyes in the market,

enable the formation of a true chemical bond, a covalent bond with the fibre substrate. This involves
the reaction of a functional group of the dye stuff with a site on the fibre to form a covalent link
between the dye molecule and the fibre substrate. These dyes may be also seen as chromophores
that contain pendant groups capable of forming covalent bonds with nucleophilic sites in fibrous
substrates.

Reactive dyes have been represented as having as many as five different components. These
can be symbolised as the basic part of the colour molecule, chromophore (C); solubilizing groups
(S); bridging groups linking the reactive part of the molecule to the soluble colour portion (B);
reactive groups (R) and leaving groups (X) (Aspland, 1992).

Thus, reactive dyes may be represented as: S-C-B-R-X
One of the very early researchers classified the reactive dyes based on their reaction

mechanisms. This classification was as follows:

Nucleophilic displacement / substitution :
Dye-X + FibO–  Dye – O – Fib + X–

Nucleophilic addition :
Dye-X – CH = CH

2
+ Fib – O–  Dye – X – CH

2
CH

2 
–O – Fib

Reaction with phosphoric acid :
Dye – PO (OH)

2
 + NH

2
CN + Fib – OH  Dye – PO (OH) – O – Fib + NH

2
CONH

2

Later, a more detailed classification of the reactive dyes was also proposed by many scientists.
This was based on the reactive group chemistry. D.M Lewis has briefly summarised this classification
under the following heads (Lewis, 2014 and Chattopadhyay and Chaudhary, 1997).

Halo-s-triazine based reactive dyes :
These were the earliest kinds of reactive dyes introduced. They included the Dichlorotriazine

(DCT) (Procion M) type dyes followed by the Monochlorotriazine dyes (MCT) (Procion H/P).
These could be cheaply synthesised from cyanic chloride. Monofluorotriazine (MFT)(Novacron F)
dyes also gained significant importance.

Halopyrimidines :
These were the 2,4,5 trichloropyrimidine dyes marketed as Reactone and Drimarene dyes.

These are much less reactive towards nucleophilic substitution and fix at about 95o C. Other popular
members of this category are the more reactive fluorochloropyrimidines (Levafix EA / Drimarene
R/K).

Haloquinoxalines :
These contain 2,4-dichloroquinoxaline (DCQ) (Levafix E).

Vinylsulphones :
These dyes contain masked vinyl sulphone residues and react via the nucleophilic addition
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reaction. They were originally launched as Remalan dyes for wool and later as Remazols for
cellulosic. These contain the sulphatoethylsulphone residue which generates the vinyl sulphate
reactive group on adding alkali.

Acrylamide and substituted acrylamide :
These contain the -chloropropionoamido group attached to a chromophore. Lanasol dyes of

this category contain the -bromoacrylamido group, which is very popularly used for wool dyeing.
These dyes also react via the nucleophilic addition mechanism.

It is of interest to note that the two most successful class of reactive dyes are ones which
were the first to be developed, i.e. the halo triazine and the vinyl sulphone dyes. This has happened
despite the plethora of alternative reactive systems commercially introduced from the late 1950’s
even upto 1990’s (Phillips, 1997).

Significant commercial development was achieved with the dyes containing two or more
reactive groups (Lewis, 2014 and Chattopadhyay and Chaudhary, 1997).

Poly functional reactive dyes :
These dyes contain more than one reactive groups. Principally speaking the first poly functional

reactive dye range comprised the dichloro-s-triazynyl dyes, although the possibility of achieving
two dye-fibre bonds is extremely unlikely due to competing dye hydrolysis and stearic hindrances.
Many more significant developments took place in this area. These have been more or less
chronologically arranged as follows (Lewis, 2014).

– The first commercially significant homo bifunctional dye was the Remazol Black B with
two vinyl sulphone (VS) groups (1957). This offered more opportunities for reaction with the fibre
rather than hydrolysis and hence gave higher yields.

– In early 1970’s ICI introduced bis-monochloro-s-triazine dyes. These were marketed under
the trade name of Procion HE, HEXL and XL dyes. These had two reactive units attached to the
dye hence yielding high exhaustion.

– In mid 1990’s were launched the bis-monofloro-s-triazines by the name of Novacron LS or
Cibacron LS. They were highly exhaustive, significantly more reactive than the bis-monochloro-s-
triazine and required low amounts of salt for exhaustion, hence the prefix LS (Low Salt).

– In 1980 the first complete range of hetrobifunctional reactive dyes was launched by
Sumitomo, Japan. These dyes, named as Sumifix Supra, contained a monochloro-s-triazine and a
sulphatoethylsulphone group attached to the same dye molecule. These dyes were commercially
very successful in obtaining high colour realisation, compatibility in mixer shades and good shade
reproducibility.

– Another heterobifunctional dye that was developed was the Cibacron C dyes. These
contained a fluorotriazine group in combination with a vinyl sulphone. Such products are characterised
by high fixation efficiency. These were claimed to be particularly suited to pad-batch applications.

– Drimarene HF range of dyes incorporate a vinyl sulphone and a difluoro pyrimidine reactive
group. These offer significantly higher exhaustion and fixation as compared to the fluoro-chloro
pyrimidine dyes.

– The Kaycelon React range of dyes (Nippon Kayaku) are also bifunctional reactive dyes
having two Nicotenyl triazine reactive groups in each dye molecule.

Reactive dye structures that comprise of three reactive groups have also been introduced by
researchers and a few also commercially (Taylor, 2000). Some of the most commercially successful
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are Cibacron Red C-2G and Remazol Red BS. The former contains three reactive groups, i.e. a
two VS and one MCT group combined with a single chromophore whereas the latter contains
three reactive groups and two chromophore units which is produced by linking two individual
sulphatoethylsulphone dye molecules, containing a reactive group and a chromophore each via a
reactive chlorotriazine bridge. Other combination of three reactive groups in a single dye molecule
include bromoacrylamide, vinyl sulphone and monochlorotriazine, three halo triazines, sulphatoethyl
sulphone, vinyl sulphone and monochloro triazine and also other such combinations. Another range
of trifunctional dyes giving high fixation are the Everzol ED dyes by Everlight (Lewis, 2014).

No commercially important products containing four reactive groups are being marketed.

Dyeing of silk with reactive dyes :
Though wool and silk are both naturally occurring proteins, only wool has received due attention

in regards to its dyeing with the fibre reactive dyes. Various dye manufacturers have even developed
reactive dyes specifically for wool. This, inspite of the fact that silk holds a very prominent position
in terms of consumption and popularity (Gulrajani, 1993).

Over the past years more than a few attempts have been made at colouration of silk with
reactive dyes. Being aware of the advantages offered by reactive dyes in terms of their colour
fastness, a desire to colour silk with reactive dyes remains understandable. Also, silk printing is
benefitted with dyes such as Remazols due to their ease of dischargibilty (Gulrajani, 1993).

Dichloro triazine (DCT) dyes were one of the first very successful type of reactive dyes
(Gulrajani, 1993). On their inception ICI had issued its application process on silk, however the
DCT dyes remained popular primarily for cellulosic. Various researchers have carried out work on
applications of DCT dyes on silk. Virnik and Chekalin carried out one of the pioneering works in
this area. They report that silk can be best dyed with DCT reactive dyes at 600 C in a mildly acidic
bath. Maximum exhaustion was reported to be at a dyeing time of 2 hours. They concluded that out
of the 2 reactive chlorine atoms, only one provided the reaction site. In the acidic environment, the
free — -NH

2
 groups of silk and the —NH groups of histidine were the main reaction sites. Whereas

on providing an alkaline environment the —OH groups of tyrosine, serine and threonine also
participated in the dye -fibre bond. Numerous further researches optimising pH, temperature,
electrolyte claimed that silk can be best dyed at 85-1000 C at a pH of 6 and addition of 40 g/l of
Na

2
SO

4 
enhances the dye fixation considerably.

Monochlorotriazine (MCT) dyes have not proved suitable for applications on silk fibre. Barker
and Johnson  (1973) have reported a poor colour build up with MCT dyes which they have attributed
to simultaneous hydrolysis of the dye fibre bond to a high pH 10 and 900 C temperature required for
applications of these low reactivity dyes. To overcome this some studies have recommended
modification of the dye using quaternary ammonium salts to increase reactivity of the dye (Barker
and Johnson, 1973). Associated researches indicate that fixation of MCT dye, C.I. Reactive Blue
B is optimum at a neutral pH along with 20 g/l of Na

2
SO

4 
and 0.5 g/l of Na

2
CO

3
.

Shore (1968 a&b) has carried out extensive work on dyeing of wool with chlorotriazine dyes.
He concludes that in proteins, the groups participating in reaction with chlorotriazine dyes are
cysteine thiol, N-terminal amino, histidine imidazole, lysine amino, serine alcoholic, tyrosine phenolic,
arginine guanidine and threonine alcoholic (arranged in decreasing order of their relative reactivity
on an equimolar basis). He also goes on to say that for a protein molecule the relative yields of the
reaction with these groups depends on their relative concentrations and their accessibility, particularly
at the reaction pH. However, no mention is made specifically to silk.
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The Vinyl Sulphone (VS) dyes have been marketed for wool from as early as 1938 and was
available as Supramino Orange R. In 1954 Ciba marketed wool VS dyes as Cibalan Brilliant.
Hoechst marketed Remalan and Remalan Fast. But these early VS dyes for wool posed problems
of unlevelness. The major advancement in level reactive dye system for wool was in 1966 with the
launch of Lanasol dyes, based on -bromoacrylamido group. Other manufacturers like Bayer and
Sandoz soon followed with Verofix and Drimalan F dyes and also the popular Hostalan dyes by
Hoechst. These developments gave way to truly machine washable wool (Lewis, 2014).

Though these dyes gained commercial popularity for wool, their use on silk has been seldom
documented. D.M. Lewis compared wool and silk and quoted that silk has much lower content of
primary amino residues, 0.150 mol amine/kg of silk as compared to 0.820 mol amine/kg of wool.
Hoechst recommended that silk be dyed with sulphatoethyl sulphone (SES) dyes (Remazol) at 600

C in the presence of Glauber’s salt and followed by 2g/l of sodium carbonate for dye fixation
(Lewis, 2014 and Agrawal, 2014).

Lewis and Shao (1995) concluded that the optimum dyeing conditions would be to first activate
the SES form to the VS form by treating in pH 8 aqueous solution at boil for 5 minutes. This was to
be followed by dyeing with this solution at 800 C at pH 4-4.5 for 40 minutes and with no salt. They
achieved satisfactory colour yield at a dye concentration of 2-5% owf. The dyeing process could
be exhaust, pad batch or pad steam. The fastness properties of silk dyed with VS dyes was very
good and their light fastness was found comparable with the cellulosic fibres.

More detailed studies taken up by Dohmyo et al. (2017) reveal that maximum fixation of VS
dyes on silk is at a pH of 7 to 8. It has been revealed that -amino acids, namely, glycine, alanine,
serine, histidine and lysine are the primary reaction sites. Lysine and histidine have been found to be
especially significant. Dohmyo et al. also proved that the dyeing on silk with vinyl sulphone dyes is
independent of the concentration of protonated NH

2
 groups, unlike in the case of acid dyes. The

exhaustion of the dye was found to be more or less stable in the pH range of 3-9. It has also been
reported that addition of a neutral electrolyte such as sodium sulphate improves exhaustion as well
as fixation.

Lanasol dyes, based on -bromo acrylamidogroup have been proved very successful in dyeing
of wool. Their application on silk has been studied by Rohrer. The researcher has proposed exhaust,
cold pad-batch and pad-steam method of application and appreciable exhaustion is achieved.
Application of Verofix and Drimalan (Difluorochloropyrimidyl) dyes have also been studied on silk
by Yushu (1983). The results indicate formation of cross links between the two fluorine atoms in
the dye with primarily the -OH groups of tyrosine. Both these types of dye have two reactive
centres which may be responsible for their superior properties. However, the two reactive centres
in these dyes are located very close to each other.

Rehman et al. (2015) worked on dyeing of silk with fluorine based reactive dyes, Liyuansol
FL (originally developed for cellulosics) which contain a vinyl sulphone and a triazine group and
compared their performance with Lanasol dyes, which are specially designed for proteins and
exhibit good properties on silk. The dyeing procedure and auxiliaries were same for both dyes. The
results obtained were comparable in terms of both colour uptake and fastness properties. It was
hence concluded that fluorine based reactive dyes (Liyuansol FL) for cotton can be used for dyeing
silk fibre.

The effect of various dyeing parameters on exhaustion and fixation of bifunctional monochloro-
triazine dyes (Procion HE dyes) on silk has been studied by Gulrajani et al. (1995) in the early
1990’s. It is reported that the exhaustion of dye on silk is very poor, the maximum being around 30
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% at 60°C using 40 g/l sodium chloride and 10 g/l sodium carbonate. As the concentration of salt in
the dyebath increases, the per cent exhaustion also increases considerably. On the other hand, an
increase in the concentration of alkali results in the lowering of percent exhaustion. The conditions
recommended for dyeing of silk using Procion HE dyes were, sodium chloride-110 g/l, sodium
carbonate-3 g/l and temperature 60°C. In general, the exhaustion of these dyes on silk has been
found to be poor. It has been reported by Barker and Johnson that under alkaline conditions, there
is a competition between bond-forming and bond-breaking reactions in dyeing with monochlorotriazine
dyes. During dyeing, an equilibrium is established between the dye in fibre and the dye in solution.
This equilibrium is disturbed when dye reacts with the fibre, leading to further sorption of the dye.
This process goes on till all the sites in the fibre or all the dye gets exhausted. However, if the dye-
fibre bond breaks during dyeing, the equilibrium sorption is lowered, resulting in poor exhaustion of
the dye on the fibre. The researchers also reveal that dyeing with Procion HE dyes resulted in an
increase in strength which indicates the possibility of the formation of crosslinks in the fibre by the
dye.

Agarwal et al. (1996 and 1997) carried out pioneering work in the area of dyeing silk with
hetrobifunctional (MCT-VS) Sumifix Supra dyes. Various studies were carried out for the
optimisation of dyeing parameters. Effect of pH, electrolyte concentration, temperature and dyeing
time has been reported. The researchers concluded that the exhaustion and fixation of bifunctional
reactive dyes was much higher than monofunctional reactive dyes. Maximum exhaustion and fixation
were achieved at neutral pH at a temperature of 90°C, 40-80 g/l glauber’s salt and 2 hour dyeing
time. It was concluded that neutral pH offered highest exhaustion-fixation due to suppressed
hydrolysis of the dye, availability of the unprotonated amine group for covalent bond formation and
the optimum rate of conversion of the ester form of the dye to the active VS form.

Burkinshaw and Paraskevas (2011), also carried out work on dyeing of silk with hetrobifunctional
reactive dyes. They applied Yoracron BF range of aminochlorotriazine-vinyl sulphone dyes on
Bombyx mori silk. This study also concluded that whilst high dye exhaustion but low fixation was
achieved at pH 3 and 4 and the use of pH 9 resulted in low fixation and low exhaustion, optimum
dye fixation was obtained at pH 8, as a result of a high number of nucleophilic unprotonated amine
group in the fibre, high conversion of the masked form of the dye to the reactive VS variant as well
as reaction with OH-containing amino acid residues. The study goes out to prove that the VS dye
exhaustion on silk is a function of reaction with the fibre rather than protonated groups in the fibre.
The wash-off process with anionic surfactant, Lanapex R, was quite effective in removing surplus
dye from the dyeing and imparting a much improved colour fastness.

A patent was filed in the year 1999 by Rastogi (2009) on low salt dyeing of silk with
hetrobifunctional reactive dyes. The process provides for dyeing of silk with reactive dyes comprising
of a 2-step process. Step 1 is of exhaustion, carried by introducing silk fabric in a dye bath containing
a reactive dye at an acidic pH 3. Such a step is of distinct advantage in that satisfactory exhaustion
properties are achieved even in the absence of addition of any salt to the dyebath. Step 2 is of
fixation by the addition of alkali like sodium carbonate to obtain the pH 8 for fixation. At this almost
neutral pH the protonated amino groups (-NH

3
+) convert to the unprotonated form (-NH

2
) which

are suitable nucleophiles. It was concluded that the addition of salt in the two-stage dyeing cycle is
not required and satisfactory results can be obtained even in its absence.

In the recent past a host of researches in China have focussed on modification of silk for
improved dyeability with reactive dyes. Zhang et al. (2015), developed an eco-friendly method for
reactive dyeing of silk. They synthesised an accelerant, i.e., Hexyl dimethyl octyl ammonium chloride
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(HDMOAC). It was concluded that as compared to the conventional sodium sulphate, HDMOAC
gave much higher dye fixation at accelerator dosage 30-40 times lower than Na

2
SO

4
. This was a

promising step in the direction of lesser environmental burden. Silk dyed in the presence of HDMOAC
showed good colour strength and colour fastness.

Chen et al. (2013), studied efficient dyeing acceleration mechanism of Octyl tri-Me ammonium
bromide (OTAB) on dyeing silk fabrics. The research results show that OTAB promotes dye-
uptake rate of reactive dyes on silk fabrics through increasing surface potential of silk fabrics and
making dyes aggregate to some extent.

Various salt free dyeing auxiliaries such as HBP-ECH (Hyperbranched polymer containing
epoxy chloropropane) (Runyan et al., 2014), OHDAB (octyl hexyl di-Me ammonium bromide),
aminated polyepichlorohydrin and other cationic modifying agents have also been explored as a low
salt alternative to reactive dyeing of silk.

Sheng (2013), explored the influence of chitosan finishing on dyeing of silk with reactive dyes.
It was clear from the results that the colour depth of the dyed fabric, the fixation percentage and
dyeing rate on silk fabric could be improved efficiently by the crosslinking after the fabric was
treated with chitosan. The optimal concentration of chitosan was 0.7% (w/v). The salt concentration
could be reduced when the fabrics were treated with chitosan. Further study was carried out by
Hoisseini et al. (2013), on dyeability improvement of silk with chitosan. In this study, the silk yarns
were pretreated with chitosan was their dyeing with mono and bi- functional reactive dyes was
investigated. It was found that the pretreatment of silk yarns with aqueous solutions of chitosan
enhanced the dye uptake and also increased the antibacterial activity of silk. Depth of shade was
found to increase with chitosan concentration up to 3% (w/v), but beyond that it decreased caused
by dye precipitation. Moreover, colourfastness properties to light and washing of the treated silk
samples with chitosan were improved.

Summary :
Reactive dyes occupy a coveted position amongst the textile dyes due to their ability to form

strong covalent bonds with the substrate and hence promising exceptional colour fastness properties.
These dyes, though developed originally for cellulosics and to an extent the proteinaceous wool
fibre, have yet not seen much success in dyeing of silk. A handful of researches have been conducted
in this regard. Almost all kinds of available reactive dyes have been applied on silk and the mechanism
has been studied. Various efforts are ongoing to improve dyeability of silk dyed with reactive dyes
in terms of colour yield keeping in mind the growing environmental needs.
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