Recent developments in reactive dyes
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INTRODUCTION

The period since the publication of an earlier review [1] at
the start of the 1990s has been characterised by an
enormous rationalisation of the dye manufacturing and
dyeing industries, with a continuing shift of manu-
facturing capacity from Europe, largely to India and the
Far East. This has been accompanied by an increasing
number of mergers, acquisitions and toll manufacturing
arrangements. Amongst the most notable have been the
formation of Clariant 1997, from the Sandoz Chemicals
Division (floated in 1995) and the Hoechst specialty
chemicals division, and of DyStar, also BASF acquired the
textile dyes business of Zeneca in 1997. The abortive
attempt to merge the specialities chemicals businesses of
Clariant and Ciba in November 1998 suggests that further
rationalisation of the industry is likely. Very recently BASF
announced the merging of its textiles dyes operations into
DyStar [2], and Yorkshire Group stated its intention to
acquire the Crompton and Knowles textiles dyes business
from CK Witco [3].

MAJOR TRENDS

It has been estimated that between 1990 and 2000 the
percentage of textile raw materials derived from cotton fell
from 48.7 to 42.2%, whilst the share of synthetic fibres rose
from 39 to 48.3% [4]. Unlike some other classes of dye, the
production of reactive dyes for cellulose continues to
increase. This trend looks set to continue with production
of cotton predicted to rise marginally from about 20.0
million tonnes in 1990 to approximately 21.4 million
tonnes in 2000 [5]. Production of polyester is expected to
rise even faster and to equal that of cotton by 2005.
Nevertheless, the growth rate for reactive dyes is expected
to continue increasing more rapidly than cotton
production; this is because they continue to gain market
share at the expense of other types, such as azoic dyes. In
the longer term, growth rates for cotton are likely to be
limited by the availability of suitable agricultural land: the
predicted increase in cotton production is expected to
arise entirely from increased crop yields [5]. Additionally
this may be augmented by increased production of
reconstituted cellulose products such as lyocell fibres,
which are far more productive in terms of land usage.
Annual production of these is predicted to rise to about
300 000 tonnes by 2005 [4], but it is possible that this figure
could increase if the cost and ease of production reduce
relative to that of cotton. Also the increasing use of
aesthetically pleasing synthetic fibres, such as polyester
microfibres, will continue to make inroads into sectors that

have traditionally been dominated by cotton. Reactive
dyes are also used for the coloration of wool and
polyamide, but the annual consumption in these outlets at
around 2000 tonnes is dwarfed by the quantities used in
cotton dyeing, approximately 120 000 tonnes.

Because the overall size of the market for reactive dyes
has continued to increase, and because this class of
dyestuff has offered higher ‘added value’ than many
other types of cellulose dye, the market for reactive dyes
has become fiercely competitive. This has inevitably
resulted in severe price erosion of patent-free com-
modities, especially large tonnage products such as CI
Reactive Black 5 and many of the bis-monochlorotriazines
such as the Procion H-E dyes. This downward pressure on
prices and the need for technically, economically and
environmentally improved products have been the main
driving forces for the production of specialist, patented
products that offer benefits to the dye user and,
sometimes, command higher selling prices.

Much of the patent and academic literature relating to
reactive dyes has concentrated on existing chromophores
and, almost invariably, it is these that have been utilised in
novel commercial products. Often structural modific-
ations of existing chemical types have been developed in
order to optimise particular properties, such as shade,
strength or fastness. Typical of this approach are a novel
reddish-blue triphenodioxazine, which incorporates an
alkyl group in place of a chlorine atom [6], and some
economic disazo [7] and polyazo [8] dyes.

Although many patents have appeared concerning
dyes with novel reactive groups, few such materials have
been exploited commercially. Perhaps the most notable
innovation in this area has been the introduction of a new
range of reactive dyes based upon novel 4,6-difluoro-
pyrimidinyl reactive group. However, most new products
introduced over the past decade have utilised tried and
tested reactive group chemistry. Often novel arrange-
ments of existing reactive groups are incorporated into
dyes in order to achieve a particular dyeing or fastness
profile.

Most of the major dye producers have followed the
trend set by Sumitomo [9] and have introduced
heterobifunctional products that contain two dissimilar
reactive groups, usually a haloheterocycle in combination
with a vinyl sulphone. Additionally a small number of
products have appeared which contain three reactive
groups. As well as heterobifunctional types, novel
homobifunctional products continue to be introduced:
typical of these are some of the bis-monofluorotriazine
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Cibacron LS and bis-monochlorotriazine Procion H-EXL/
XL+ dyes.

The introduction of products and processes aimed at
providing improved environmental performance has
been another notable trend. Typical of these approaches
have been dyes that function efficiently in the presence of
reduced quantities of electrolyte and dyes that fix more
efficiently, thus reducing the amount of coloured effluent.

Many new products have been aimed at specific
applications, such as exhaust dyeing or printing. Others
have been designed to achieve particular technical
properties, such as high light fastness or detergent
resistance, whilst other dye ranges offering environmental
benefits have been developed. Greater economy is often
claimed for new products. This has been achieved in
several ways, for example by using economic, strong
chromophores, by achieving high fixation efficiency or by
increasing dyehouse productivity, with faster overall
dyeing and wash-off cycles.

Although several research groups have attempted to
effect dramatic improvements in dye fixation to cellulose,
the bulk of the commercially significant innovations have
centred on incremental improvements using well tried
and tested reactive group and chromophore chemistry.
Typical of these are the Procion XL+ ranges [10,11]. Very
recently the Drimarene HF range was announced, which
utilises a novel difluoropyrimidine reactive group.

Most of the structurally novel dyes marketed during
the 1990s were developed by European and Japanese
manufacturers, but some new structures from Taiwan are
now appearing. In addition to structurally novel products
there has been much patenting of mixtures of existing
reactive dyes, a trend that has long been in evidence in the
area of disperse dyes. Many such mixture products have
achieved commercial success. Often these are a techno-
commercial compromise designed to meet specific
fastness requirements economically, for example the
combination of a cheap, technically modest product with a
more expensive but technically superior one. Alternatively
commercial mixtures often comprise two different colours,
for example scarlet dyes based upon a mixture of an
orange and yellowish-red are invariably more economic
than homogeneous products.

NOVEL CHROMOPHORES

High-strength economic chromophores

The gradual replacement of the relatively weak anthra-
quinone chromophore, typically with a molar extinction
coefficient, &,,,,, in the range 12 000 to 18 000 mol/(1 cm), by
the much stronger triphenodioxazine unit, €,,,, between
70 000 and 85 000, mol/(1 cm), is now a well established
trend. All of the major manufacturers now offer tripheno-
dioxazine-based blues as part of their product ranges.
Patents on novel triphenodioxazines continue to appear
[12-15]. An analogous, though less obvious, trend towards
stronger chromophores has also been taking place in other
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shade areas. Here the movements have generally
occurred more gradually. For example, several new
products utilising disazo chromophores have recently
been introduced into shade areas previously dominated
by much weaker monoazo systems. Disazo chromophores
with J-acid, 1-hydroxy-6-aminonaphthalene-3-sulphonic
acid, as end component have been widely used in the
preparation of direct dyes, but this system has
traditionally found little application in reactive dyes.
However, Bayer has patented, and commercialised, a
reactive dye based on this type of chromophore (1) [16].
This product is a very bright yellowish-red; unlike many
disazo products it is not dull. Additionally it is a very
strong chromophore with an ¢, of around 50 000
mol/(l cm). By contrast a conventional monoazo H-acid
red derived from the chromophore 2 would have an
extinction coefficient of about 30 000 mol/(1 cm). The same
company has also disclosed the corresponding disazo
dyes derived from sulpho-J-acid [17].
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Although disazo derivatives have traditionally been
widely employed for the production of dull shades, such
as browns and navies, several other new disazo products
have also appeared. For example, some of the Cibacron LS
dyes are based upon strong disazo chromophores in
which the naphthol coupling component of the bright red
1is replaced by a conventional para coupling amine.

Other related approaches have been explored by Ciba.
For instance 2,4-diaminobenzene sulphonic acid was
reacted with dichlorotriazinyl dyes to give products of the
type 3. These derivatives were subsequently used both as
diazo component and as coupling components (Scheme
1). In each case, 4 and 5, chromophorically strong dyes are
produced. Although they consist formally of two isolated
chromophores separated by a chromophoric block, the
overall result has been to reduce the molecular weight,
and thus increase the effective strength. These types of
structure have both been commercialised.

Although trisazo dyes are well known in direct dyeing,
they have traditionally found little application in reactive
dyeing. The reasons for this are probably associated with
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the difficulty that can sometimes be encountered in
ensuring level dyeing and good migration of such large
structures. However, a couple of notable introductions have
recently been marketed. In one case the trisazo derivative is
of the general type 6, an arrangement already encountered
in existing acid and direct dyes. In the other, three
conventional monoazo units are linked.
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Other novel chromophores

Vast numbers of patents relating to reactive dyes continue
to appear, but very few relate to the production of novel
chromophores per s¢; most concern novel combinations of
existing chromophores and reactive groups. Although no
dramatically different chromophores have been com-
mercialised, a few noteworthy structural variants of
existing types merit mention.

Zeneca workers showed that the introduction of an
alkyl group into the 6,13-position of the triphenodioxazine
chromophore, in place of the ubiquitous chlorine atom,
leads to a hypsochromic shift and gives access to strong,
bright reddish-blues [6,7]. Derived dyes are also claimed to
be less substantive, with consequential improvements in
wash-off performance. This type of dye has been
successfully commercialised.

Phthalocyanines, invariably copper or nickel deriv-
atives, have been employed, almost universally in reactive
dyeing, either alone to achieve bluish to greenish

turquoise shades, or in combination with lemon yellows
for the production of bright greens. In spite of their
extremely high chromophoric strengths they do not
appear particularly strong on cotton and generally fail to
build up to very heavy shades. This is partly a reflection of
the high wavelength at which these chromophores absorb
and partly a result of modest fixation efficiency, which in
turn probably arises at least partially from the tendency of
the molecules to exist in highly aggregated forms. An
interesting patent from DyStar appears to go some way
towards utilising more efficiently the high chromophoric
strength of phthalocyanines [18]. This describes the
preparation and use of aluminium phthalocyanines as
reactive dyes for cellulose. These were claimed, in contrast
to nickel and copper derivatives, to be environmentally
innocuous and also to provide brilliant green to turquoise
shades. Other claimed benefits included very good
fastness to light, better strength on the fabric than
analogous copper and nickel phthalocyanines, better
build-up, especially at low temperatures (40-60 °C) and
good fixation efficiency.

Chromophores of high light fastness

Most reactive dye ranges possess a basic three-dye
combination in which the red component is a monoazo
species made by coupling a diazonium salt onto the 2-
position of an aminonaphth-1-ol coupling component,
usually H-acid. The light fastness of such structures is
often borderline, so to satisfy the demand for higher light
fastness some novel red dyes have recently been
marketed. These are most easily obtained by coupling
onto a 2-amino-8-naphthol coupling component under
acid conditions to give a structure of type 7 [19].
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REACTIVE GROUP CHEMISTRY

Reactive dyes are used for printing and in continuous,
semi-continuous and batchwise dyeing processes, and the
choice of reactive group varies accordingly. For example,
monochlorotriazines are often selected for use in direct
printing whereas vinyl sulphones are widely used in two-
stage and discharge printing. For batchwise application
dyes can be conveniently classified as warm- or hot-
dyeing, with the former accounting for about two-thirds
of the market in terms of weight. Smaller quantities of
trichloropyrimidines, which can be applied at or near the
boil, and of cold-dyeing dichlorotriazines, which are
manufactured in large quantities as intermediates in the
manufacture of homo- and hetero-bifunctional dyes, are
still widely used.
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Alternatively reactive groups are categorised according
to chemical class. For commercially important products
these are either Michael-type acceptors, in which the
electrophilic reactive group is an activated double bond, or
activated haloheteroaromatic compounds, which possess
a halo (or other readily displaced group) on a hetero-
aromatic ring. Fluoro- and chloro-triazines and
pyrimidines are amongst the most popular examples of
activated heteroaromatic groups.

Michael-type acceptors

These consist of an unsaturated centre, usually a carbon—
carbon double bond, adjacent to an electron-withdrawing
group that activates the unsaturated centre to attack by a
nucleophile, such as cellulosate or hydroxide ion.
Examples of commonly encountered Michael-type
acceptors include bromoacrylamides and vinyl sulphones
(8), which are often marketed as the more stable and more
soluble sulpatoethyl sulphone precursors (9), which form
the reactive component on addition of base (Scheme 2).
Bromoacrylamides, or sometimes the intermediate
dibromopropionylamides, are commonly employed as
reactive groups for proteinaceous fibres.

Dye—S0,—CH,—CH,—0—S0O3Na — Dye—S0O,—CH=CH,
9 8

Scheme 2

Several novel vinyl sulphone precursors incorporating
aryl groups have been described in recent patent
applications, though relatively few have been com-
mercialised. An interesting 1,3-dichloroprop-2-yl sul-
phone (10) was prepared by Hoechst chemists, as depicted
in Scheme 3 [19]. 4-Nitrobenzene sulphenyl chloride was
prepared from reaction of the appropriate disulphide with
chlorine. This was reacted with allyl chloride to furnish 2-
(4-nitrophenylthio)-1,3-dichloropropane (11), which was
converted, after reduction and oxidation, to 2-(4-amino-
phenylsulphonyl)-1,3-dichloropropane (10); after diazo-
tisation and coupling this yielded reactive azo dyes (12).

A 2-acetoxyethyl sulphone (13), described by BASF [20],
was readily prepared as depicted in Scheme 4. This
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intermediate was subsequently used as a coupling com-
ponent for the preparation of monoazo derivatives, one of
which was subsequently commercialised.

Known routes for the efficient monoalkylation of
primary aromatic amines have been adapted to the
preparation of vinyl sulphone-bearing derivatives. Thus
monoethylation of 4-aminophenyl-2'-hydroxyethyl sul-
phone (14) was achieved by a reductive alkylation
procedure in which ethanal was reacted with the aromatic
amine under catalytic reduction conditions to yield 15
(Scheme 5) [21]. In a related procedure the meta-sub-
stituted aniline (16) was monoethylated using ethanol in
the presence of Raney nickel under pressure to yield 17
(Scheme 6) [22]. In much the same way that simple
monoalkylated anilines have been reacted with dichloro-
triazinyl dyes to provide highly soluble monochloro-
triazines, and 3-ethylamino-2'-sulphatoethyl sulphone has
been used commercially for the production of mixed
bifunctional dyes of the type 18.

Another notable feature of the recent patent literature
has been the appearance of several applications describing
dyes possessing a bromoacrylamide, or precursor
dibromopropionamide, function as a reactive group for
cellulose. Although this system has long been widely
utilised in reactive dyes for wool, it has only recently
found commercial use as a reactive group for cellulose.
Most of the patent literature relating to the use of bromo-
acrylamides refers to mixed bifunctional types, usually in

Scheme 3

NH—CO—NH—CH,—~CH,—S—CH,—CH,OH

@ —
NO,

NH—CO—NH—CH,~CH,—S0,—CH,—CH,—OAc

13
NH,



NH, NHC,Hsg

Scheme 5

H
|

N\/\S/\/OSO3H

5 0, 16

Ethanol
Raney Nickel
125°C

NH_C2H5
H

|
NV\S /\/0503H
0, 17

(@]

Scheme 6

combination with a vinyl sulphone [23,24] or mono-
chlorotriazine [25]. Trifunctional types (bromacrylamide,
vinyl sulphone and monochlorotriazine) have also been
described [26]. The preparation, dyeing and fastness
properties of dyes containing both one and two bromo-
acrylamide groups have been described by workers who
concluded that this group, when in a suitable environ-
ment, was compatible with the vinyl sulphone group and
is best applied under warm dyeing conditions (60 °C) [27].

Activated halo(hetero)aromatic groups and related
species

Most of the recent literature on reactive dyes relates to dye
molecules that incorporate novel arrangements or
combinations of existing reactive groups, as outlined
below.

Benzenoid reactive groups

Although most of the literature and product innovation
has been concerned with the preparation and use of aza
heterocyclic systems, especially pyrimidines and triazines,
examples of the use of activated carbocyclic derivatives
being used as reactive groups for cellulose have been
described [28]. These include trifluoroterephthalonitrile
derivatives such as 19, in which this novel reactive system
was used as the sole means of attachment of dye to cotton
and mixed bifunctional derivatives possessing a second

(monochlorotriazine) reactive group. The dyes were
prepared by condensation of an amino residue, such as a
dye base with tetrafluoroterephthalonitrile, which is an
intermediate used in agrochemical production (Scheme 7).
Dyes based upon this reactive system were also claimed as
useful for ink-jet printing.
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Dyes of the type 20, which utilise a 1-fluoro-2,4-
dinitrophenyl reactive group, have been disclosed by
BASF [30]. These were readily prepared either by
condensation of a dye base with 1,3-difluoro-4,6-dinitro-
benzene, in the final synthetic stage (Scheme 8); altern-
atively they were made by incorporation of the reactive
group in to a low molecular weight diazo or coupling
component prior to synthesis of the chromophoric system.
The dyes were claimed to show outstanding build-up
properties combined with adequate fastness. The
intermediate 1,3-difluoro-4,6-dinitrobenzene is com-
mercially available or is readily prepared from the
corresponding dichloro compound by halogen exchange.

NO, NO, NO,
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Cl F NH—Dye
20
Scheme 8

Pyridine reactive groups

Dichlorodifluoropyridinyl dyes (21) have also been
described [31]. These were prepared from condensation of
2,4,6-trifluoro-3,5-dichloropyridine (22) with amino deriv-
atives; the 4-fluorine atom was preferentially displaced to
yield dyes of type 21 (Scheme 9). The desired intermediate
was readily prepared from reaction of pentachloro-
pyridine with potassium fluoride.

Pyrimidine reactive groups

Much effort has been expended on the synthesis and
evaluation of several related fluoropyrimidine derivatives.
These can range in reactivity from warm-dyeing types, as
in the Levafix E-A range which utilises a 2,4-difluoro-5-
chloropyrimidin-6-yl group (23a), to hot-dyeing products,
as in 4-fluoropyrimidines (23b). These were investigated
by Zeneca: the reactive component was made by a
halogen exchange (halex) reaction from 4,6-dichloro-
pyrimidine, which in turn was available from reaction
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between dihydroxypyrimidine and phosphorus oxy-
chloride. The dyes were characterised by excellent build-
up and fastness properties.

Between 1991 and 1993 Sandoz filed several applic-
ations on the preparation and use as reactive dyes of
compounds utilising a 2,4-difluoropyrimidin-6-yl reactive
group, either alone as in 24 or in combination with a
monochlorotriazine as in 25. Patents published included
bright yellows [33], dull yellows/oranges [34], oranges [35],
reds [36], coppered formazan blues [37], ‘twice coupled H-
acid’ navies [38], violet coppered azo derivatives [39] and
greens derived from mixed phthalocyanine azo chromo-
phores [40]. This group is utilised in the very recently
introduced range of Drimarene HF (high fixation) dyes.

H F
N
NG A
—
Ny
N
NHCONH,
HO.S SO,
24
O L
SOzH
3 NN
~H HL l = ~H
N7 O NTONT N
N HoCw . .CH
X 2 CH 3
H,C _H
HO3 SOsH 2 N
N|:\/|:
F—<\ N
N—?

25

Dyes containing a 4-fluoro-5-chloropyrimidinyl react-
ive group are disclosed in several applications from Bayer.
These are claimed to give high colour yields on cotton;
both monofunctional and (mixed) bifunctional types are
described. Examples include monoazo reds such as 26 [41],
monoazo derivatives of J-acid [42], copper complexes [43],
mixed bifunctional navies (in combination with a vinyl
sulphone reactive group [44] as well as copper [45] and
nickel [46] phthalocyanines. For example, naphthyl azo
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naphthol dyes such as 26, in which the chromophore is a
conventional H-acid-derived red, are claimed to produce
bluish-red dyeings with excellent fastness properties.
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Bis-difluorochloropyrimidines such as 27, derived from
diamides of dibasic carboxylic acids, such as succinic or
terephthalic acid, and a conventional coupling component
such as H-acid or J-acid are disclosed in a recent Bayer
application [47]. The derived dyes that possess two such
reactive groups are claimed to fix efficiently to cellulose.
Dyes of the type 28, derived from 2,4,6-trichloro-5-
chlorocarbonyl pyrimidine, have been disclosed by
Hoechst [48]. These are claimed to be suitable for cold pad
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Some recent applications from Procter and Gamble
disclosed pyridinium salts of type 29a, derived from
fluoropyrimidines [49]. In a related application the same
company disclosed N-(2-pyrimidinyl)pyridinium salts
(29b) [50]. These are claimed to display exceptionally high
fixation, even up to an ‘efficiency value of about 99% or
greater” [51].



Scheme 10

Triazines

As well as pyrimidinyl derivatives, Procter and Gamble
have disclosed the preparation and use, as reactive dyes
for cellulose, of the triazinyl analogues of 29¢, which were
prepared by quaternising nicotinic acid with 2-chloro-4-
carboxymethylthiotriazinyl dyes (Scheme 10) [50-52].
These materials are claimed to display fixation values of
greater than 95% on cotton and to fix at 25 °C, resulting in
reduced quantities of unfixed dye. In addition they are
stated to provide intense dyeings that require lower levels
of salt (compared with conventional types) for dyeing
cotton. They are described as displaying high levels of wet
fastness and as being suitable for dyeing other substrates,
such as wool and nylon fabrics. To date, no commercial
products using these reactive systems have been
introduced, though bis-quaternary salts derived from bis-
monochlorotriazines and nicotinic acid are well known
(Kayacelon React dyes), but if all of the claims can be
confirmed and the products economically manufactured,
they appear to offer considerable promise.

Several patents assigned to Hoechst describe triazinyl
derivatives possessing a cyanamino group attached
directly to a triazine ring (30-32); these include monoazos,
disazos and coppered formazans [53-58]. Under normal
application conditions the acidic -NH- is ionised and this
group would thus be expected to contribute to water
solubility. Hoechst utilise this system commercially.

N| N NI N
~ — ~
Dye/j\N NHR j\f CN Dye)\N Dye
NN
30 e/m 32
~
Dy N~ “NH—CN
31

DYES CONTAINING TWO REACTIVE
GROUPS

Homobifunctional dyes

The incorporation of two reactive groups into a single dye
molecule is a well established route to increased fixation
efficiency: all of the leading ranges of dyes for the
batchwise dyeing of cellulose with reactive dyes now
incorporate two or more such groups. Amongst the
earliest examples to be exploited commercially were the
Procion H-E dyes, which possess two similar
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monochorotriazine groups, often in an arrangement of
the type depicted in 33, where X represents a chlorine
atom and YH, is a diaminoarene linking group.

Dye\ﬁ N\ Y
N\f N
X
33

2

Although several attempts have been made to effect
dramatic improvements in dye fixation to cellulose, the
bulk of the commercially important innovations have
centred on incremental improvements using well tried
and tested chemistry. For example, BASF launched
Procion XL+ dyes for hot dyeing of cellulose in July 1999
[10]. These utilise the monochlorotriazine reactive group,
with the initial range comprising five dyes: Procions
Yellow XL+, Rubine XL+, Blue XL+, Dark Blue XL+ and
Cyan XL+; the recommended application temperature is
90 °C.

The Cibacron LS (low salt) range of dyes is based
largely, but not exclusively, upon bis-monoflurotriazines,
again of the general structure 33 in which X is a fluorine
atom and Y is an alkylene linking group [11].

Heterobifunctional dyes

Since the introduction of the Sumifix Supra range of dyes
[9], which incorporate a sulphatoethyl sulphone and a
monochlorotriazine group in combination as in 34, most of
the major dyestuff manufacturers have introduced their
own heterobifunctional ranges. Often these consist of the
same two reactive groups as utilised originally by
Sumitomo. Such dyes are believed to fix mainly through
reaction of the vinyl sulphone with cellulose, with less
fixation taking place via the less reactive chlorotriazine.
More recent products, such as many of the Cibacron C
dyes, often utilise a fluorotriazine in combination with a
vinyl sulphone. In products of this type the reactivity of
the fluorotriazine matches more closely that of the vinyl
sulphone and might be expected to make a larger con-
tribution to fixation than the less reactive chloro
analogues. Such products are generally characterised by

H

DerN N SO ™
<X OSOzH
|

N\|¢N

Cl
34

REev. ProG. CoLoratioN VoruMe 30 2000 99



Reactive group

Vinyl sulphone Chromophore

Sulphatoethyl
sulphone

36

high fixation efficiency. Most reactive dye manufacturers
now market at least one range of heterobifunctional dyes.
Many such derivatives have been described: the most
commonly encountered combinations include vinyl sul-
phone with monofluorotriazine [59-65], vinyl sulphone
with 2,4-difluoropyrimidine [66-68], vinyl sulphone with
2,4-difluoro-5-chloropyrimidine [69], 2,4-difluoropyrimi-
dine with monofluorotriazine [70] and 4-fluoro-5-
chloropyrimidine with monohalotriazine [71,72].

POLYFUNCTIONAL DYES

It should theoretically be possible to attain even greater
fixation efficiency by incorporating additional reactive
groups into the dye molecule. In practice this approach
can be counterproductive owing to the detrimental effect
that additional groups can have on migration, leading to
lower fixation, especially at heavier depths, and poor
build-up. However, several patent applications relating to
reactive dyes with three reactive groups have appeared.
Also some commercially successful dyes of this type are
now available, perhaps the more notable of these being
the trifunctional derivatives Cibacron Red C-2G and
Remazol Red BS. The former possesses three reactive
groups per single unit of chromophore, as in 35: it thus
represents an expensive route to high fixation. In the case
of trifunctional dyes possessing only one chromophore
unit the molecular weight contribution of the uncoloured
reactive groups can be comparable to that of the
chromophore. The latter type of structure (36) results
merely from the linking together of two similar, economic,
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Monochlorotriazine

reactive dye units via a reactive chlorotriazinyl bridge, and
thus contains two units of chromophore and three of
reactive group.

Structures that incorporate three reactive groups, such
as 37, have been disclosed by Bayer [73]. These are claimed
to display high reactivity and excellent fixation yields,
which are very insensitive to minor variations in fixation
temperature, even when dyeing at long liquor ratios.

Although the incorporation of three dissimilar reactive
groups into a dye containing a single chromophore unit is
clearly a less economic approach, the additional cost can
sometimes be justified by exceptional technical properties.
Other combinations of three reactive groups in a single
dye molecule include bromoacrylamide, vinyl sulphone
and monochlorotriazine [74], three halotriazines [75],
sulphatoethyl sulphone, chloroethyl sulphone and
monochlorotriazine [76], monochlorotriazine, mono-
fluorotriazine and vinyl sulphone [77,78], and
monochlorotriazine, sulphatoethyl sulphone and di-
fluorochloro pyrimidine [79]. Reactive dyes possessing at
least three monochlorotriazinyl have been disclosed [104].

No commercially important products containing four
reactive groups are marketed, but such materials have
been disclosed in the patent literature. For example,
DyStar have described dyes that possess two mono-
fluorotriazinyl and two vinyl sulphone groups [80,81], and
Ciba have disclosed dyes containing two monochloro-
triazinyl and two vinyl sulphone groups [82].

DYES WITH IMPROVED ENVIRONMENTAL
PERFORMANCE

Many recently introduced products are claimed by their
manufacturers to provide a combination of environmental
and technical benefits. In this section innovations that
appear to be driven primarily by environmental concerns
are grouped together. The classification is somewhat
arbitrary and in most cases these products could be listed
under any of several headings.

Batchwise dyeing with reduced salt

The requirement for large quantities of electrolyte,
invariably either common or Glauber’s salt, for batchwise
dyeing of cellulosic substrates with reactive dyes has been



universally accepted since the introduction of these dyes.
More recently several manufacturers have recognised the
environmental and economic benefits arising from a
reduction in the usage of such electrolytes and have
introduced dyes that function efficiently in the presence of
reduced levels of salt. This is particularly important in
situations where discharge of dyehouse effluent can give
rise to a build-up in salinity, for example with discharges
to fresh water lakes. Only some of the many approaches
that have been investigated have achieved commercial
success. Perhaps the most notable of these is the Cibacron
LS range, which utilises several different reactive groups
in a number of different arrangements [11]. The bulk are
bifunctional, usually bis-monoflurotriazines [83,84]. Other
groups or combinations of groups are also used, including
monofluorotriazine and monochlorotriazine in com-
bination with vinyl sulphone as well as a trifunctional
(monochlorotriazine/bis vinyl sulphone) dye.

The ability of these dyes to function effectively in the
presence of reduced quantities of salt reflects their high
affinity for cellulose. This in turn is partly attributable to
the large molecular size of these dyes. Molecular shape is
also important: large, flat molecules generally display
greater affinity for cellulose (and for other dye molecules).
Other structural features play a part, such as the presence
of hydrogen bonding sites. The use of such large
structures suggests that their rates of migration will be
substantially slower than that with smaller molecules. As
is usual with batchwise dyeing of other reactive dyes, the
Cibacron LS dyes are applied in the presence of
electrolyte, albeit reduced levels, typically for 30 min,
followed by addition of alkali to effect fixation, generally
over 60 min. Several members of this range of dyes are bis-
monofluorotriazines; these might be expected, on
reactivity grounds and by comparison with simple
monofunctional analogues, to be applied at warm-dyeing
temperatures. However, it is recommended that the
neutral exhaustion stage be carried out at 90 °C, and that
the temperature be dropped to 70 °C before adding alkali
to promote fixation. This procedure allows reasonable
migration and levelling of the large structures at the
higher temperature, whilst the chemical selectivity of the
fixation step will be higher, and the fixation reaction will
proceed more slowly, at the lower temperature.

Other approaches to reactive dyeing with reduced salt
levels have been exploited. Several patents claim and
describe the dyeing of cellulosic substrates, with dyes such
as 38 that possess two sulpatoethyl sulphone groups, in
the presence of reduced quantities of salt [85].

Hoechst has also introduced its Remazol EF range,
which includes dyes that are claimed to dye cellulose
efficiently in the presence of reduced quantities of salt.
These dyes are essentially conventional vinyl sulphones.
This particular reactive group is somewhat different from
the halotriazines in that the product of hydrolysis, a 2-
hydroxyethyl sulphone, is generally much less substantive
than the reactive dye itself and is easily washed out after
completion of the dyeing cycle (Table 1). This contrasts

0SO3H

OSOzH

with halotriazines, in which the hydrolysed species being
washed out is only marginally less substantive than the
reactive dye itself. Related novel bis-sulphatoethyl
sulphones such as 39, which incorporate two ureido
groups, have been claimed by DyStar to fix and to build-
up well in the presence of reduced concentrations of
electrolyte [86]. In this case the ureido groups might be
expected to contribute to increased substantivity, leading
to alower salt requirement.

Table 1 Substantivity of Cl Reactive Blue 19 and derivatives

Substantivity (%) in
Glauber's salt solution

Compound 259/l 50 g/l
dye-SO,CH,CH,0S0;Na? 22 33
dye-SO,CH=CH, 81 95
dye-SO,CH,CH,0OH 25 35
a Cl Reactive Blue 19
HO3 SO3H
N“ H

Ne O _N_ _N

/©/ ~H H \n/ \©
HO5S 0
s Os0 NCH,

39

As well as demonstrating that some conventional vinyl
sulphone dyes fix, and build-up, efficiently in the presence
of reduced electrolyte, it has also been shown that selected
types of bis(vinyl sulphones) can be used in conjunction
with alkali-stable disperse dyes for dyeing polyester/
cotton blends. For example, DyStar has shown that when
a monochlorotriazinyl bis-sulphatoethyl sulphone
reactive dye was used in combination with an alkali-stable
disperse dye, such as 1,4-diamino-2,3-diphenoxyanthra-
quinone, high-strength dyeings were obtained on
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polyester/cotton [87]. The fact that good colour yields were
achieved in the presence of reduced electrolyte (40 g/l
Glauber’s salt) was an additional benefit. The process
disclosed consists essentially of preparing a dyebath
containing electrolyte, alkali and auxiliary agents, heating
the dyebath to the temperature required to fix the reactive
dye, typically 60 or 80 °C, and raising the temperature to
130 °C in order to dye the polyester. The lack of a large
selection of suitable alkali-stable disperse dyes may limit
the attractiveness of this approach, although this problem
is being actively addressed by dye manufacturers.

In another approach Rucker and Guthrie evaluated the
utility of cationic surfactants, group IA, IIA and IIIA
chlorides, and carboxylic acid salts as potential
replacements for sodium chloride in dyeing cotton with
reactive dyes [88]. Cationic surfactants were ineffective
because the fibres were ring-dyed, leading to low fixation.
Group IIA and IIIA chlorides precipitated under the
alkaline dyeing conditions required for fixation and were
thus not viable alternatives. Potassium and caesium
chlorides promoted higher exhaustion and were thus
described as potential replacements. Polycarboxylic acid
salts were the most effective class evaluated, promoting
higher exhaustion and fixation than sodium chloride.
Sodium citrate was claimed to be an effective replacement
for sodium chloride.

Other environmental benefits

The recently introduced hot-dyeing Procion XL+ range
utilises the monochlorotriazine reactive system in
combination with conventional chromophores (10, 11).
These dyes are said to offer several environmental
benefits, including high fixation efficiency, easy wash-off,
and reduced overall consumption of energy, electrolyte
and water. Very high bioelimination is also claimed, e.g.
greater than 60% bioelimination in the case of the bluish-
red compared with 18% or less for other commercial
reactive red dyes. Technical benefits such as robustness to
changes in processing variables are also claimed.

MODIFICATION OF CELLULOSE PRIOR TO
DYE FIXATION

In an attempt to modify cellulose prior to dyeing, Hoechst
chemists reacted cellulose with aminating agents in order
to attach a powerfully nucleophilic amino group to the
cellulose [89]. This was achieved by treating the cellulose
with, for example N-2-sulphatoethylpiperazine (40), in a
padding process, in the presence of sodium hydroxide,
and heating to 150 °C for 2.5 min (Scheme 11). The
resulting modified cellulose, possessing many covalently
bound piperazine units, was then reacted with
conventional reactive dyes without any additional
electrolyte or alkali. The dyeings obtained were stated to
possess attractive technical profiles. Several types of
reactive group are exemplified, including halo-
pyrimidines, halotriazines and vinyl sulphones, together
with a wide range of chromophoric types, including
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phthalocyanines, coppered formazans and azo deriv-
atives. Also included was a sulphonated triphen-
odioxazine devoid of fibre-reactive groups. This can
presumably ‘fix’ via a salt linkage. Of the many
compounds exemplified, dye 41 appears typical. This was
applied to modified cotton fabric at 60 °C, without added
electrolyte or alkali, to give a level dyeing with good
colour strength and fastness properties. Reaction of dye
with fibre presumably takes place by a Michael-type
addition of the highly nucleophilic amine to the vinyl
sulphone of the reactive dye. The requirement for a
pretreatment process, including a strong base, and the
production of unfixed amine-containing agent clearly
detract from the eminently desirable goal of eliminating
electrolyte from the dyeing process.

In a closely related approach, workers from the same
company investigated the dyeing of blends of polyester
and modified cotton with a single reactive disperse dye
[90]. Again, this method has clear superficial attractions: it
is claimed that little or no electrolyte, and no alkali, are
required in the dyebath, that the dyes can be used for
dyeing either cotton alone or cotton/polyester blends, and
that the resulting dyeings are level with good fastness
properties. However, in addition to the potential
drawbacks associated with the production of aminated
cellulose, the reactive disperse dyes will need to exhibit
good properties, both dyeing and fastness, on polyester as
well as cellulose when used for dyeing blends. In this case
N-(2-sulphatoethyl)piperazine (40) was reacted with a
cotton/polyester blend at 130 °C and dyeing the treated
fibre in a batchwise process with reactive disperse dyes
devoid of water-solubilising groups. Several different
types of chromophore and reactive group are exemplified.
These include the monoazo derivative 42, which utilises a
2,6-dihaloaniline diazo component in combination with a
dialkylaniline coupling component, a combination used
very widely for the production of brown disperse dyes.
Most of the commercially important reactive groups, such
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as vinyl sulphones, fluorotriazines and chlorotriazines, are
exemplified.

Lewis and Mcllroy demonstated that CI Reactive Red
120, a bis-monochlorotriazine, could be applied, in the
absence of added salt, to cotton that had been pretreated
with nicotinyl thioglycollate [91]. They concluded that the
nicotinyl thioglycollate reacts with cotton to form the
nicotinyl-cellulose ester; optimum fixation for this stage
was achieved at 210 °C for 90 s at pH 8 using a pad-
thermofix rinse procedure. The monochlorotriazine dye
was applied at 80 °C and pH 3; under these conditions the
authors state that the tertiary amine is significantly
protonated thus favouring uptake of anionic dye by ionic
interactions, which are reinforced by reaction of the
monochlorotriazine dye with unprotonated nucleophilic
tertiary amine sites. They proposed that ‘at pH 3, the dye
is present mainly as a quaternised triazine dye, but on
soaping (pH > 7) or alkaline washing, the quaternised
triazine dye reacts readily with cellulose anions to give the
conventional dye fibre bond’.

POLYMERISATION TECHNIQUES FOR DYE
FIXATION

Other workers have examined yet further approaches to
the reactive dyeing of cotton by utilising a powerfully
nucleophilic thiol group. Zeneca workers investigated the
preparation and use of dyes possessing both a nucleo-
philic and a (masked) electrophilic reactive group [92]. The
dye (43), which possesses a masked vinyl sulphone and
highly nucleophilic thiol groups, was claimed to provide
quantitative levels of exhaustion and ‘fixation’. The
dyeings were, however, not level under batchwise con-
ditions. These authors suggest that ‘fixation” was achieved
by immobilisation of polymerised dye within the fibre
rather than by dye—fibre covalent bond formation. The
proposed mechanism is depicted in Scheme 12.

In the dyebath individual dye molecules react together
forming a polymeric dye, which by virtue of its con-
ventional cellulose reactive group can covalently fix to
cellulose. The main thrust of the work was directed towards
essentially quantitative fixation. This has many potential
benefits including greater cost-effectiveness resulting from
lower dye usage, the avoidance of coloured effluent again
resulting in substantial economic and environmental
benefits. An additional substantial potential benefit is that
these dyes could be applied without added electrolyte,
resulting in a method of colouring cellulose and other
substrates with very little deleterious environmental impact

A prerequisite for adequate technical performance such
as good wash fastness is that the adducts formed from
reaction of the nucleophile with the electrophilic species,
usually a vinyl sulphone, should be sufficiently stable to
withstand commonly encountered laundering conditions.
In the event the products of the addition of nucleophilic
thiol to vinyl sulphone were found in the Zeneca study to
undergo elimination and/or hydrolysis, leading to
regeneration of unfixed coloured species. Although this
approach appeared to possess some superficial attractions,
several technical problems remain unsolved, and no such
products have yet been successfully commercialised.
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Attempts have been made to ‘fix’ chromophoric units to
cellulosic substrates using polymerisation techniques in a
manner somewhat similar to that already used for the
application of other polymeric oil- and water-repellent
finishes. Several such patent applications were filed by
Ciba-Geigy in which either ultraviolet light [93] or low-
energy ionising radiation [94-96] was used to effect
polymerisation. In an example of the former a piece of
cotton fabric was printed with a paste comprising the bis-
bromoacrylamide red dye 44, a diacrylate, TMP-triacrylate
(45), urea, sodium alginate and photoinitiator. The print
was dried then irradiated under a high-pressure mercury
lamp. Fixation was 60%, fairly modest for a bifunctional
reactive dye under padding conditions.

Br I|-|
Oo_ _CH
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An ICI patent describes the formation of coloured
polymers and their use for colouring textile and other
substrates [97]. A mixture of a disperse dye (4,6-bis-
methacryloyloxyethylamino)-2-ethyl-5-(4-nitrophenyl-
azo)pyrimidine (46), possessing two methacrylate ester
groups, and methyl methacrylate were emulsified in
water and co-polymerised to yield a coloured polymeric
species. This was applied to polyester and cotton by
printing or by continuous dyeing techniques to yield
golden yellow shades with excellent fastness to heat, wet
and light treatments. Also when applied to cotton, in the
presence of a butyl acrylate-based binder system, prints
with excellent fastness to wet and dry rubbing were

claimed.
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REACTIVE DYES FOR PRINTING

A few patents have appeared that deal specifically with
dyes for printing. Usually these have been related
structurally to existing products, but with minor variations
aimed at, for example, greater solubility, as a route to easy
wash-off and formulation as high-strength liquids. Typical
are two applications from Ciba-Geigy, golden yellow and
bluish-red monochlorotriazines possessing solubility-
enhancing groups on the triazine nucleus [98,99]. Zeneca
claimed that mixtures of two closely related substituents
on the triazine ring gave solubility better than either of the
individual components [100].
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DYE MIXTURES

The sale of specialist mixtures of disperse dyes is well
established and most major dyestuff manufacturers offer
such products. Mixtures of reactive dyes have become
increasingly popular and many are now marketed. These
can be attractive both to suppliers and users of dyes.
Generally, though not always, they are based on existing
products and therefore entail minimal process develop-
ment, evaluation and registration costs. They can be
introduced very rapidly with relatively little financial risk
to the dye supplier or dye user. The major technical
driving forces for the introduction of such mixtures are
various. Often they provide a particular shade more
economically than a homogeneous product. For example,
scarlet shades derived from a mixture of yellowish-red
and yellow are usually much more economic, though less
bright, than homogeneous products often derived from 2-
amino-5-methoxybenzensulphonic acid and J-acid. Other
common mixtures include a phthalocyanine in com-
bination with a lemon yellow for the production of bright
greens [101]. More commonly mixtures are used for the
provision of economic blues, navies and blacks [102]; these
are often formulated in order to satisfy a particular
fastness requirement. For example, CI Reactive Black 5, an
extremely cost-effective product, but with modest fastness
to light and to oxidative detergents, is often mixed with a
coppered formazan to provide navies with improved light
fastness [103]. Alternatively particular shading com-
ponents can be added to provide specialist black products
with improved resistance to oxidative bleaching [104] or
other fastness properties [105]. Other black mixtures have
been claimed [106], in one case comprising up to seven
individual components [107]. Mixtures comprising at least
one vinyl sulphone-containing phthalocyanine in
combination with at least one diflurochlorpyriminyl- or
monochlorotriazinyl-containing nickel phthalocyanine
are claimed to display reduced dichroism [108].

As well as mixtures comprising individual dyes of
differing hues, several patents describe mixtures of dyes in
which two or more components of similar shade are
combined. The claimed benefits are usually associated
with improved dyeing properties. For example, patented
mixtures of phthalocyanines include the following
combinations of reactive groups: vinyl sulphone, mono-
chlorotriazine and diflurochlorpyrimine [109], and
monochlorotriazine and diflurochlorpyrimine [110].
Other claimed benefits arising from the use of mixtures
include high solubility and, especially, insensitivity to
processing variables such as temperature, alkali strength
and liquor ratio. Bayer describes several mixtures of
apparently incompatible dyes, e.g. mixtures of a com-
mercial hot-dyeing bis-monochlorotriazine such as CI
Reactive Yellow 84 with a warm-dyeing monofluoro-
triazine or difluorochloropyrimidine such as CI Reactive
Yellow 125 [111]. Several other patents from the same
company claim binary or tertiary mixtures of known,
often commercially important, products; generally these
are claimed to be robust to changes in processing



variables. A mixture of three commercially available red
dyes, a bis-monochlorotriazine, a monofluorotriazine and
a difluorochloropyrimidine is typical [112]. Other com-
binations include vinyl sulphone and monochlorotriazine
and/or fluorochloropyrimidine [113], dichloroquinoxaline
with many other reactive groups [114], and a mixture of
heterobifunctional dyes, vinyl sulphone/monochloro-
triazine and vinyl sulphone/monofluorotriazine [113].
Other patented mixtures include bis(vinyl sulphone) with
vinyl sulphone/monofluorotriazine [115] and mixtures of
bis-monofluorotriazine dyes [116]. A couple of interesting
patents from Ciba describe mixtures comprising a bis-
monofluorotriazines of type 47 in combination with a
monofluorotriazine possessing an acylamino (sub-
stantivity-conferring) substituent (48) [117,118].
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Other patents exemplify mixtures of known reactive
dyes, the individual components of which appear to
possess substantially different dyeing properties. For
example, a mixture of a disazo warm-dyeing fluoro-
triazine red in combination with the hot-dyeing CI
Reactive Red 120, is claimed to provide brilliant shades
when applied to cotton over 90 min at 60 °C [121].

Other mixtures claimed include combinations of dyes
possessing at least one vinyl sulphone reactive group in
mixtures with dyes possessing at least one mono-
fluorotriazine or at least one difluorochloropyrimidine.
These are said to dye efficiently in the presence of reduced
electrolyte [122]. Another example comprises mixtures of a
monofunctional dichlorophthalazine in combination with
a bis-monochlorotriazine [110], which are applied at 60 °C.
Mixtures of phthalocyanines consisting of individual
components that possess a vinyl sulphone reactive group
and others incorporating a monochlorotriazine or a
difluorochloropyrimidine group have also been described.

EFFECTS OF CHEMICAL AND PHYSICAL
AGENCIES ON DYES

The effect of various chemical agencies, such as acid and
alkali, on the stability of dye—fibre bonds is well docu-
mented, and thus only the effect of such species upon
chromophore destruction will be discussed here.

Resistance of dyes to electrophilic reagents

Reactive dyes and dyed substrates are likely to encounter
electrophlic reagents such as hypochlorite, acid gas fumes
and peracids and these are often responsible for
destruction of colour. The chlorine fastness of hydrazo
dyes derived from naphthol coupling components has
been studied by Omura and co-workers [124-126] and by
Bredereck and Schumacher [127]. The former group
demonstrated that certain structural features, in particular
the presence of a sulphonic or carboxylic acid group ortho
to the nitrogen of the diazo component, and a similar
group ortho or peri to the hydroxy group of the naphthol
coupling component, conferred good chlorine fastness.
Bredereck and Schumacher suggested that it is
predominantly the dissociated form of the dye that
undergoes degradation, and that the pK, value of the dye
is thus an important determinant of chlorine fastness
(Scheme 13).

—NH—N= —= —N—-N= + H*
Scheme 13

More recently Oakes and Grafton demonstrated that
two distinct reactions occur, depending on pH, both of
which involve electrophilic oxidation of the nitrogen atom
of the diazo component [128]. In acidic media aqueous
chlorine reacts with the -NH- group of the hydrazo
tautomer, whereas at higher pH a much faster reaction, of
HOCI with the dissociated form of the hydrazo tautomer,
takes place.

In addition to sodium perborate or percarbonate, many
of the modern detergent formulations used in Western
Europe and the US also incorporate activators. These are
molecules that interact with the hydrogen peroxide,
which is liberated under laundering conditions from the
sodium peracid salt, to form peracids as depicted in
Scheme 14 [129], N,N,N',N'-tetraacetylethylene diamine
(TAED) and 4-sulphophenyl nonanoate (NOBS) being
two of the most widely encountered activators.

HO,- + R—CO—L ——» R—CO—O—OH + L
Scheme 14

Although peracids (pK, typically around 8.5) are
stronger acids than hydrogen peroxide (pK, 11.5), and are
thus very largely dissociated under alkaline washing
conditions, it is the undissociated acid that is the effective
bleaching agent. Oakes and Gratton have studied the
kinetics of colour discharge on treatment of a series of azo
and hydrazo dyes with peracids [130].

The introduction of more powerful cleansing agents
has imposed additional demands on dye manufacturers.
This has in turn led to the requirement for a novel test
procedure to predict, in a suitable single-stage test, the
effect of prolonged multi-machine washing in the
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presence of activated oxygen bleach-containing
detergents. Such a test, the UK-TO test, was thus de-
veloped by workers at UMIST in conjunction with the
detergent industry [131].

Resistance of dyes to nucleophilic reagents

Reactive dyes and dyed textiles are commonly subjected
to a number of strongly nucleophilic species such as the
cellulosate anion (the active species responsible for
covalent bond formation on reaction with dye) and
hydroxide. Sodium percarbonate and sodium perborate
are often incorporated into modern detergents and both
of these, under washing conditions, generate hydrogen
peroxide. At high pH this is largely dissociated to the
hydroperoxide anion, and it is this that is the effective
cleansing species. This highly nucleophilic reagent attacks
stains and coloured species at electron-deficient sites.
Thompson and co-workers studied the mechanism of
peroxide bleaching at high pH of several coloured species,
including phenolphthalein [132] and alizarin [133]. In the
case of phenolphthalein these workers demonstrated that
neither the addition of a free-radical scavenger nor of a
singlet-oxygen trap caused any appreciable change in the
rate of fading. They concluded that the dye destruction
proceeds primarily through a non-radical mechanism and
that singlet oxygen plays no appreciable role. Additionally,
when the experiments were performed in deuterium
oxide, which is known to increase dramatically the lifetime
of singlet oxygen and thereby lead to increases in the
observed rates of reaction, in place of water there was no
discernible difference in the rate of colour destruction.
This again suggested that singlet oxygen is not implicated
in peroxide fading,.

The effect of hydrogen peroxide on typical hydrazo and
azo chromophores has also been studied in homogeneous
solution by a number of workers. For example, Omura
and co-workers studied the effect of sodium percarbonate
in water at pH 10.6 on a series of hydroxyarylazo and
aminoarylazo dyes [134]. Under these conditions this
reagent rapidly hydrolyses to carbonate and hydrogen
peroxide. From measurements of the initial rates of
decolorisation and apparent activation energies these
workers concluded that the hydrazo forms of dyes are
much more susceptible to attack by peroxide than azo
forms. This is in keeping with the observation that many
of the dyes derived from naphthol-type coupling
components display only moderate resistance to peroxide.

Bredereck and Schumacher studied the effect of
peroxide in homogeneous solution on a number of H-
acid-derived reds [135]. By measuring the effect of varying
the substituents in the diazo component on the rate of
degradation these workers suggested that it is predomin-
antly the dissociated form of the dye that is attacked. They
also concluded, unlike Thompson’s team, that the
perhydroxyl radical anion was the active species res-
ponsible for dye destruction. Oakes and Gratton also
studied the effect of hydrogen peroxide on dyes derived
from naphthol coupling components and concluded that
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the reactive species are the perhydroxyl anion and the
undissociated form of the dye [136,137].

Light fastness of dyes

The fading of dyed cellulosic substrates by light is thought
to take place predominantly via an oxidative mechanism
[32], sometimes involving singlet oxygen as an active
species. The effect of light on cotton dyed with a series of
reactive H-acid-derived reds has been studied by Bredereck
and Schumacher [29]. They measured the rates of dye
fading in the dry and wet states as well as in the presence of
artificial perspiration. They concluded that dyes containing
electron-donating groups tend to fade by an oxidative
mechanism, whereas those possessing strongly electron-
withdrawing groups underwent reductive degradation.
Additionally, in the dry state or in the presence of artificial
perspiration a reductive fading mechanism was favoured,
whereas the presence of water caused oxidative fading.

CONCLUSION

The market for reactive dyes will continue to increase. This
will arise partly from a marginal increase in the production
of cellulosic fibres, essentially cotton, and more importantly
from the replacement of other classes of cellulose dye, such
as azoic and sulphur dyes, by reactive dyes.

The major driving forces in reactive dye research and
product development over the past decade fall into three
broad categories: the need for products with greater econ-
omy, better environmental performance and improved
technical properties. These have been achieved by a variety
of means. Greater economy has been gained by using more
efficient dye manufacturing processes, shortening dyeing
cycles, increasing the percentage of right-first-time dye-
house production, the use of more fixation efficient dyes
and the use of stronger chromophores. Often these
requirements overlap. For example, higher fixation
efficiency can result in both improved economy and better
environmental performance, resulting from less coloured
effluent. These are likely to remain the key drivers over the
next decade. Much effort has been expended on achieving
complete fixation of dye to cotton; to date no satisfactory
way of achieving this has been commercialised but recent
patent claims suggest that fixation yields of greater than
99% are possible. If these claims are verified it might appear
that there are few further improvements to be made in
reactive dye technology.

There seems likely to be continuing rationalisation of
the dye manufacturing and dyeing industries, with fewer
major manufacturers and with dye production continuing
to move to India and the Far East. Already much disperse
dye manufacture is carried out on mainland China and it
is possible that, over the next decade, more reactive dye
manufacture will also be undertaken in Asia.
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