New possibilities to improve cellulosic fibre
dyeing processes with fibre-reactive systems
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Methods developed during recent years to imprave the dyeing of cellulosic fibres with reactive
dyes are reviewed. One of the most productive areas of research has been the madification of the
fibres themselves by making them reactive. Methods of conferring reactivity on the fibres are
described, which also offer the potential for producing cleaner dyehouse effluent.

INTRODUCTION

There is still a strong consumer-led demand for
cellulosic fibres, presumably because of the persisting
fashion for ‘all things natural’. In most cases of course
these goods need to be coloured in a whole gamut of
shades to meet the highest possible levels of wet
fastness and easy-care requirements of modern life. The
most popular way for the dyer or printer to consistently
achieve high fastness levels is to employ reactive dyes
in the coloration procedure. Questions are, however,
increasingly being raised as to the environmentally
friendly character of reactive dyeing. In particular, a
review by Laing [1] has underlined the observation by
Hobbs [2] that cellulosic fibre dyeing with reactive dyes
is a major contributor to the problem of coloured
effluents. A further environmentally relevant problem,
in the case of cellulosic fibre dyeing, is the need to use
large amounts of electrolyte, usually sodium chioride or
sodium sulphate, to achieve adequate dye substantivity
for the fibre.

This paper will assess a number of possibilities to
improve the reactive dyeing of cellulose. In particular,
options available with existing products and methods,
new processing techniques and fibre modification will
be evaluated.

RE-EXAMINATION OF PRESENT AND
PAST PRACTICE

Important environment improvements when dyeing
cotton with reactive dyes can be achieved by choosing
methods or products that give the highest levels of
fixation, thus reducing the amount of colour in the
effluent.

Multifunctional reactive dyes

A simple calculation reveals that by using reactive dyes
containing two reactive groups rather than one reactive
group per dye molecule, fixation can be increased from
an average of 60% to approximately 80%. It is therefore
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not surprising that reactive dye manufacturers have
increasingly opted for reactive dyes with two or even
three reactive groups in the dye molecule. Tables 1 and
2 summarise the present market status of
multifunctional reactive dyes from the main dye
manufacturers; Table 1 covers the so-called homo-
bifunctional dyes while Table 2 lists those bifunctional
reactive dyes having different reactive groups on the
same dye molecule.

Bayer also has bifunctional reactive dyes of the
difluorochloropyrimidine/vinylsulphone type in its
range of Levafix E dyes; good examples are Levafix
Royal Blue EFR and Levafix Olive E-GLA [7].

In general it may be observed that in long liquor
(exhaust) dyeing processes medium shades of
monofunctional reactive dyes fix to approximately 60%,
whereas corresponding fixation values for bifunctional
dyes approaches 70-80%. In pad-batch processes
fixation efficiencies are some 10-20% higher in both
cases. Liittringer has described the advantages of the
Cibacron C dyes, especially when applied to cotton by
the cold pad-batch process, i.e. very high fixation
{often in excess of 90%), good washing-off properties
and excellent acid bleed resistance in the final dyeings
[8].

The neutral-fixing Kayacelon React (KYK) dyes offer
the opportunity for the dyer to greatly simplify dyeing
procedures. An all-in process in which dye, salt and
buffer (pH 7.0-7.5) are added at the start and the
temperature then raised to 100°C {or 130°C for deep
shades) is feasible using this system.

Systems containing mixed reactive groups for
exhaust dyeing are popular and gaining ground,
especially where relative insensitivity of fixation to
temperature variations in the region 60-80°C are called
for [5]. The acid bleed resistance of the final dyeing is
also an important well recognised advantage of the
mixed vinylsulphone/halotriazine dyes.

Crosslinking systems

The most commercial success in this area was achieved
by BASF with its Basazol system [10,11]. In this case
dyes containing pendant nucleophilic groups were
fixed to cellulose hydroxyl residues using a tri-
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Table 1 Examples of symmetrical multifunctional reactive dyes for cellulosic fibres?

Dye range Dye structure

Pracion H-E (Zeneca) [3] DB—NH NH—Ar—NH NH-D
Procion H-EXL % %
Cl Cl

Drimarene XN (S}

D—N HTNH“CHQCHQ—NHTNH—D
Cl

Cl
Kayacelon React (KYK) [4] P~ NHTNH_N—NHTNH_D

*N

/O (J\
HOGC X COCH

Selected Remazol (HOE)

Remazol Black B

HO380—CH,CHo-0;5—D—S0,—

Hoaso—CHQCHz—OZSQN NN N—Q »—CH,CH, ~OSO3H
HO5S ‘ SOH

CHCHz-0803H

a D is sulphonated chromophore
A is s-triazine
Ar is aromatic residue

Table 2 Examples of muitifunctional reactive dyes containing mixed reactive groups

Dye range

Dye structure

Sumifix Supra (NSK} [5] D—N

Diamara SN (Mitsubishi Kasei Hoechst)

Cibacron C (CGY) [6,8]

Remazol Brilliant Red SBB (HOE)
Remazol SN/S (HOE) [9])

H
_{ QSOECHQCHzosog

~05S0CH;CHpS0; —D—NH
3 2bHasl; _{NHR
F
D—NH
_<]:NH—a|k—soz—CH:CH2

ol
D-NH—<[_ 1 CHeCHS0,CHCHC

“CH,CH,80,CH;CH,CI

functional crosslinking agent, 1,3,5-triacroylamino-
hexahydro-s-triazine (Fixing Agent P). The dyes
employed contained sulphonamide residues which
were sufficiently nucleophilic above pH 10.5 to
undergo Michael addition with the activated double
bonds of the crosslinker. Scheme 1 outlines the reaction
mechanism, although it should be noted that
Baumgarte has described up to nine different products
from such a system [10].

Clearly the resultant species in Scheme 1 contains an
unreacted double bond which is capable of undergoing
further reaction with either the nucleophilic sulphon-
amide residue or with the nucleophilic cellulosate
anion. The system was highly innovative but, mainly
because of its restriction to padding and printing
processes, probably due to the non-substantive
character of the crosslinker, the dyes were withdrawn
from the market. The clear advantage of such a system
was that the expensive part, the coloured dye molecule,
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was not hydrolysed and thus, in theory, provided
sufficient crosslinker was present, very high levels of
fixation should be achieved.

If crosslinking systems are to be further developed,
the Basazol experience appears to indicate that fibre-
substantive crosslinking agents should be developed

D—S0;NH> + cell—0O™ + CHQ:HC_CO\N/\N/COCH—_'CHE

kblj)
=0

|
Scheme 1 CH,CH,—O—cell



along with suitably nucleophilic dyes. Recent work has
been directed along these lines [12]. A poster
presentation described the promising fixation of
sulphonated chromophores containing pendant
amine-alkyl groups with the crosslinking agent
2-chloro-4,6-di(aminobenzene-4-sulphatoethylsulphone)-
s-triazine (Figure 1) [13]. A recent paper has even
proposed cyanuric chloride as a crosslinking agent for
fixing dyes that contain pendant amine groups [14].
Obviously this approach is flawed from a health and
safety point of view.

The crosslinking chemistry employed in the Sandoz
Indosol systems should be mentioned [15]. indosol
dyes are copper-complex direct dyes that will form
mixed complexes with aminated resins; typically the
resins used are those employed as cationic
aftertreatments for direct dyeings or in easy-care
finishing of cotton. The Indosol CR resin, which has to
be applied by a pad-bake aftertreatment, gives the
most significant improvement in wet fastness,
presumably as the resin forms a covalent bond with the
cellulosic substrate while its amine residues form a
coordinate bond with the copper in the Indosol dye.

EFFECT OF DIFFERENT PROCESSING
TECHNIQUES

The most obvious improvements in terms of cotour
yield can be immediately obtained by applying reactive
dyes by cold pad-batch techniques. The use of padding
techniques may, however, represent an environmental
problem, since a sufficient excess of pad liquor must be
made up to maintain the level of the pad trough, and
this must be washed away at the end of processing.
Additionally the textile coloration industry is
increasingly geared to high-fashion, short-run, rapid-
response production, and thus late-stage coleration by
long-tiquor procedures is becoming very popular.

The use of very low liquor dyeing techniques is
clearly of value in decreasing the amount of salt
required and also increasing substantivity. The most
exciting development in this area is the Then air-jet
dyeing system; Von der Eltz has emphasised the
opportunities it offers for greatly reducing salt in cotton
dyeing without sacrificing colour yield [16].

FIBRE MODIFICATION

Introduction of amino groups
The fixation of reactive dyes on substrates containing
amino groups is much higher than on cellulosic fibres.

Thus wool can be dyed with reactive dyes from baths
set at pH 5-7 to give very high fixation efficiencies; in
some cases overall colour yields, in moderate depths of
shades, of 95-100% have been recorded. These
excellent results on wool are achieved without the need
to add electrolyte. It is therefore not surprising that a
large amount of work has been done to introduce
amino residues in cellulose fibres in order to improve
their dyeability.

At one time it was thought that a cheap convenient
way of modifying cotton to make it readily dyeable
with reactive dyes was Lo pretreat it from a long liquor,
using a cationic resin under alkaline conditions [17].
However, these approaches have been effectively
abandoned since, although the treated fabric had very
high neutral substantivity for reactive dyes and good
wet fastness was achievable, the dyeings were usually
duller than those produced by the conventional salt/
alkali process. They also showed a significant drop in
light fastness of 1-2 points {18].

Bright, light-fast dveings could, however, be
obtained by using a variety of methods to incorporate
amino residues in cellulosic substrates and some of the
most promising techniques will be discussed.

Rupin et al. [19], Dvorsky and Cerovsky [20] and
Rippon [21] studied the dyeability of cellulose
substrates modified with glycidyltrimethylammonium
chloride {Glytac A) or its precursor 1-chioro-2-hydroxy-
3-trimethylammoniumpropane. The modification may
be carried out by an alkaline pad-bake (200°C) [18] or
by an alkaline pad-batch procedure. Unfortunately the
product has insufficient substantivity to allow its
application by long-liquor methods. The modified
substrate has the structure shown in S5cheme 2.

The ease of neutral dyeing of this substrate with
reactive dyes led Lewis and Lei to conclude that form 2
predominates, even when dyeing at pH 7 [22]. Thus the
anionic sulphonated reactive dye is initially absorbed
onto the fibre by a powerful ionic attraction to the
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Figure 1 2-Chloro-4,6-di{faminobenzene-4"-sulphatoethylsulphone)-s-triazine
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quaternary ammonium residue and fixes to the
adjacent ionised (nucleophilic) hydroxyl group.
Typically dyeing was carried out at pH 7, with no salt,
the bath being raised to the boil over 30 min and dyeing
continued at the boil for a further 60 min. Dyeing, for
example, with a 2% o.w.t. shade of CI Reactive Red 5
gave exhaustion values of 85%, and even more
interestingly 99% of the absorbed dye was covalently
fixed; thus soaping-off the dyeing gave rise to hardly
any colour removal. Colour yields were doubled
compared with those achieved by the conventional salt/
alkali method on untreated cotton.

Lewis and Lei also prepared the water-soluble agent
NN-dimethylazetidinium chloride (DMAAC) and found
that it would fix covalently to cotton by an alkali-
catalysed pad-dry-bake procedure [18]. It was
proposed that the modified substrate had the structure
shown in Scheme 3. Cotton pretreated with 3.6% o.w.f.
of this material showed very high neutral substantivity
for anionic reactive dyes, presumably because of
significant protonation of the tertiary amino group at
this pH value. The pK, value for the analogous
protonated trimethylamine is 9.81 at 25°C, which
means that, in aqueous solution at pH 9.81, 50% of the
material exists as the trimethylammonium ion and 50%
as the free base, which is highly nucleophilic.

Ce"—O_CHz—CI;H—CHg—rI\I—CHa

OH CHs
3

ceII—O—CHz—Cl;H—(lf,HZ
O *N=CHs
4 A\CHB
Scheme 3

The strong proton-attracting character of the tertiary
amino group may give rise to an increased tendency for
the adjacent hydroxyl group to ionise to form the
highly nucleophilic secondary alcoholate anion, which
would be a prime site of reaction for reactive dyes. Thus
even at pH 7 this substrate could be dyed with 2% o.w.f.
CI Reactive Red 5 without salt, to give dyebath exhaus-
tion values of 85% and fixation values (proportion of
dye adsorbed which is fixed) of 99%. This represents an
overall fixation efficiency of 84%. By way of com-
parison, at the same depth of shade, this highly reactive
dichloro-s-triazinyl dye applied by the traditional salt/
alkali method gives an overall fixation efficiency of
about 50%.

Clearly, as with the Glytac A method, DMAAC
pretreatment gives a substrate that is readily dyeable
under neutral pH conditions with reactive dyes in the
absence of electrolyte. These dyeings exhibit wet- and
light-fastness properties that are normal for the reactive
dye chosen. It has also been shown that the above two
pretreatments seem to be almost equally effective in
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promoting dyeing with all types of reactive dyes.
Figure 2 shows a comparison of the colour yields
obtained, before and after soaping (2 g/l nonionic
detergent, 2 g/l sodium carbonate, 10 min boil), for 2%
o.w.f. dyeings of CI Reactive Red 5, applied in the
absence of salt on the Glytac A and DMAAC modified
cottons. The results on the two substrates are very
similar, but marginally better fixation is achieved on the
DMAAC-treated cotton.

Improved results with some dyes, on the DMAAC
cotton, may be obtained by increasing the dyebath pH.
Figure 3 shows this effect for a 2% o.w.f. shade of the
difluoromonochloro pyrimidine dye Levafix Brilliant
Red E-BA (BAY, CI Reactive Red 124). In this case the
optimum application pH is in the region pH 9-10,
although there is significant uptake and fixation at pH
7.

An alternative method of introducing different
aliphatic amino groups into cotton was reported at the
Lucerne IFATCC conference [22]. In this case
pretreatment was carried out with N-methylol-
acrylamide (NMA), which was covalently bonded to
cellulose by a Lewis acid-catalysed baking reaction
(Scheme 4).

Reaction of 5 with appropriate amines was employed
to give the substrates 6-9, which were dyed at pH 5 (no
salt} with 2% o.w.f. CI Reactive Red 5, raising the bath
to the boil and boiling 1 h. The results, in terms of
colour yield (K/5) before and after soaping-off, are
illustrated in Figure 4. This reveals that optimum
exhaustion and fixation are achieved on substrates 6
and 7. Substrate 8, containing the tertiary amine, gives
surprisingly poor fixation, in contrast to substrate 3,
thus perhaps confirming the desirability of having a
hydroxyl group adjacent to the tertiary amine residue.
The tertiary amine in substrate 8 is clearly protonated
when dyeing at pH 5, yet in this case the reactive dye is
unable to find an adjacent site of adequate nucleo-
philicity. Undoubtedly the dichloro-s-triazine dye is

CH3 i CHC!

ce||—o—CH2—<I:H—CH2—"r:\|—CH3| ceII—O—CHg—(i':H—CHg—I‘:\I
OH CHg OH CHa
20 ’
: . As dyed E] After soaping
I
I
I
210 |
I
I
I
I
0 |
pH 7 | pH7 pH5
Dyebath pH

Figure 2 Comparison of colour yields obtained for dyeings of Cl
Reactive Red 5 (2% o.w.f.) on Glytac A and DMAAC maodified cotton
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Figure 3 Effect of dyebath pH on colour yield of dyeings of Levafix
Red E-BA (2% o.w.f.) on DMAAC moditied cotton

celi—OH + HO—CHNHCOCH=CH,

}

cell—O—CH;NHCOCH=—=CH, 5

Scheme 4
cell—0—CHNHCOGH,CHo—NH; 6
cell—O~CHNHCOCH,CH—NHCH, 7
CHa
cell—0~CHNHCOCH;CHy—N, 8
CHs
%
ceII—O—CHENHCOCHECHZ-—II\ILCHa 9
CHs
cell—O—CH,~NH—CO-CH,CH,—NR;R.R;
20
—NH, —NHCH; “=N{CHa), CH,
*--tl}l—CHg
CH3
S10+-
0

. As dyed D After soaping

Figure 4 Comparison of colour yields obtained for dyeings of Cl
Reactive Red 5 (2% o.w.f) on various aminopropionamido-
methylene-oxycelluloses (Cell-O-CH,NH-CO-CH,CH,NR,R,R;)

likely to quaternise with the tertiary amine residues in
substrates 3 and 8, and this highly reactive species will
rapidly hydrolyse in the absence of a reaction with a
nearby fibre-bonded nucleophile.

Lei and Lewis used an alternative method to
introduce amine groups into cotton, based on pre-
esterification with chloropropionyl chloride {CPC) [23].
The reaction they employed is represented by Scheme

5. If the second reaction with amines was carried out at
50°C, then modified substrates were obtained that
could be dyed under weakly acidic (pH 5) conditions
with reactive dyes in the absence of salt. However,
these dyeings did not resist the severe alkaline soaping-
off procedure used to assess fixation. FTIR (diffuse
reflectance) analysis of these treated dyed substrates
revealed that the ester bond was intact after amine
pretreatment and dyeing, but following the alkaline
soaping was almost completely removed. Thus it was
proposed that, in the case of methylamine/CPC-
modified cotton, the sequence of reactions occurred is
that shown in Scheme 6.

This hypothesis was confirmed by preboiling
substrate 10 in 20 g/l sodium carbonate solution for 1 h;
rinsing, neutralising and redyeing (pH 5, without salt)

cell—OH

P
Cl—C—CH,CH,CI

I
cell—0~C—CH,CH,CI

NRR;R3 (where Ry,Rz,R3 = H or CHy)

O
1l
ceiI—O—C—CHQCHg—N H2

K
cell-O—C—CHzCHa—NHCH;3

@]
! {
cell-O0—C—~CHCH>—N(CHa4)»

O
I +
cell-0—C—CHCH,~N(CHy); CI-

Scheme 5

Ce”—O—CO"‘“CHECchﬂ

CH3NH, {50 C, 1 h)

cell—~0—CO—CHyCH;NHCH;
Cl

10 %
Cl Reactive Red 5, D—NH Cl

Cl
1 ?Hs
cell—~0—CO—CHyCH,—N NH-D
Soaping {OH")
Cl
o A
celFOH + HOOC—CH,;CHy—N NH—D
Scheme 6
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gave hardly any dye uptake. These results are included
in those shown in Figure 5.

Very different results were observed when the
original second-step amination pretreatment was
performed in a boiling aqueous solution of the amine.
In this case subsequent reactive dyeings (pH 5, without
salt) gave good colour yields, although not quite as
high as the low-temperature aminations. Surprisingly,
in this case the dyeings were very fast to the alkaline
soaping test.

FTIR showed that the substrate aminated at the boil
lacked an ester group. The most likely explanation for
the good dyeability and high fixation of reactive dyes
on this substrate was the mechanism shown in Scheme
7. Thus in the case of methylamine and dimethylamine
the modified substrates 11 and 12 were postulated. The
reactive dyeing properties (no salt) of these substrates
are also summarised in Figure 5. Substrate 11 gives
exceedingly fast dyeings (resistant to alkaline scaping)
even when preboiled with sodium carbonate solution
as described previously. Substrate 12 is slightly less
effective than 11 but, unexpectedly, quite good dye
fixation is achieved. This indicates that this tertiary
amine group may be in close enough proximity to a

cell—Q—CO~—CH;—CH,—Cl

HNR;Rp 50 C HNRyRp; 100 C
cell—0—CO—CHz—CH,—NRR; | cell—NR;R;
|
20 —NH—GH, t
—N(CHzl; —NHCH;
| ~—NHCH; (Na>C03
| preboil) N(CHy)
- 3
‘3 10+ |
—NH—CH, |
(NazCO0;y |
preboil) |
° |
. As dyed D After soaping

Figure 5 Comparison of colour yields obtained for dyeings of Cl
Reactive Red 5 (2% o.w.f.) on aminated substrates prepared from
chloropropionated cellulose

1l
cell—0~C—CH,CH,Cl + NR{RaRs

100 C, 1-3 h
0
cell—=RRRRy + HO-C—CH.CH, Cl
Scheme 7
celi—NH—CH3; 11
CHy

/
ce!l—N\ 12
CH3
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cellulosic hydroxyl group to activate its ionisation,
hence achieving a highly nucleophilic site for the
reactive dye reaction even under weakly acidic dyebath
conditions.

Reactive fibres

Conventional reactive dyeing involves two basic

elements:

(a) An electron-deficient ‘reactive’ carbon centre in the
dye

(b) An electron-rich ‘nucleophilic’ centre in the fibre.

Research at the University of Leeds has been directed
towards a reversal of the above concept by
incorporating the nucleophilic group in the dye and the
‘reactive’ group containing the electron-deficient
carbon atom in the fibre.

Nucleophilic dyes can be prepared containing a
variety of nucleophilic residues, including those shown
in Figure 6. [n terms of highest nucleophilicity, the thiol
analogues would be the most useful, but in practice the
aliphatic amino group has been found to give the best
results. The thiol derivatives tend to be odorous and are
likely to oxidise to the corresponding disulphide.

Aminoalky! dyes are conveniently prepared from the
reaction of aliphatic diamines with existing reactive
dyes. Reactive fibres were prepared by two methods, as
described below.

Reaction of cotton with N-methylolacrylamide

It has been shown that the aminoethyl dye prepared
from Procion Red H-8BN (Zeneca, CI Reactive Red 58)
gives excellent colour yields before and after soaping
when applied to NMA-activated cotton at pH 10.5 in
the presence of 80 g/l salt [22]. Typical results are
reproduced in Figure 7, which also shows colour yield
versus dye applied, before and after soaping, for the
unchanged parent monochlorotriazine dye applied to
untreated cotton by the recommended reactive dyeing
procedure.

Figure 7 demonstrates that practically no dye is
removed from the activated cotton even when soaping
at the boil {15 min) in an aqueous solution of nonionic
detergent (5 g/1) and sodium carbonate (2 g/l). The
comparative result achieved with unmodified CI
Reactive Red 58 on untreated cotton indicates that up
to 30% of unreacted dye is removable during the
soaping procedure. Thus dyeing activated cotton with

—(CHaz),—SH Aliphatic thiol
—(CHy),~NH> Aliphatic amino Ew =
g2
o |5
4©——NH2 Aromatic amino é’, o
—(CHy),~OH Aliphatic hydroxyl Y

Figure 6 Some nucleophilic residues of possible use in dyes



aminoalkyl dyes offers significant potential savings,
since on the basis of these results the soaping process
could be omitted.

A further advantage demonstrated by Figure 7 is the
overall higher colour yields achievable with the
aminoalkyl dye/activated cotton system. For example,
In the case of 2% o.w.f. dyeings, colour yields for the
new system are double those obtained in the classical
salt/alkali system.

Further study of Figure 7 also indicates that the
aminoalkyl dye build-up curve tails off significantly at
depth of shade greater than 4% dye o.w.f. Several
factors may be responsible for this latter effect,
including fixed sulphonate anion build-up acting as a
dye resist. Amide bond hydrolysis depleting the
number of available reactive sites in the activated
substrate is unlikely to be a problem since the dyeings
obtained are fast to boiling at pH 10.5. Scheme 8
describes the effect of fixed sulphonate anion build-up.

In the original work 4% NMA was applied to the
fibre and, if reaction with cellulose was 100% efficient
following the pad-bake procedure, it could be
calculated that sufficient activated double-bond dye
sites existed to accommodate covalent fixation of 25%
dye o.w.f. of an aminoalkyl dye of rm.m. 600. The
efficiency of the original reaction was likely to be about
80% but, even so, a sufficient number of reactive groups
was clearly available.

The effect of dyebath pH and salt on the colour yield
of the above amino alkyl dye on substrate 5 is shown in
Figure 8. At a dyebath pH of 8 covalent reaction with
the activated fibre is so rapid that the substantivity of
this dye for cotton in the absence of salt is greatly
enhanced. If a larger more planar nucleophilic dye had
been selected in this study, even more encouraging
results may have been forthcoming.

Reaction of 2,4-dichloro-6-(2 ~pyridinvethylamino)-s-trigzine
(DCPEAT) with cotton

The novel compound 2,4-dichloro-6-(2’-pyridino-
ethylamino)-s-triazine (DCPEAT) has been studied by
Lewis and Lei [24] in an attempt to improve

20
g1or g

m AA dye/before soap
© AA dye/after soap
00 P dye/before soap
o P dye/after soap

0 I |

0 4 8

Dye applied, % o.w.1.

Figure 7 Build-up curves for Ci Reactive Red 58 (P dye) on
untreated cotton and its aminoethyltriazine derivative (AA dye) on
NMA cotton
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HN—CH,CHy~NH—~CH,CHy ~C—NH—CH,—0—cell
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/NH NHR
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Repulsion
B—(803)x
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NHR Dye in solution

NH—CHp—CHa—NH;

where D is the chromophoric residue
Scheme 8

cell—~0—CHaNHCOCH=CH,
+
{035),,—D——NHCH,CHoNH,

20
D After soaping

Il As dyed 80g/ NaCl

No salt
No sait

pH 10

pHB

pHS5

Figure 8 Effect of dyebath pH and salt concentration on the uptake
of aminoethy! dye, prepared from Ci Reactive Red 58, on NMA
cotton

substantivity in the no-salt dyeing system. If this
compound were to be applied and fixed on cellulosic
substrates under well defined conditions, the modified
substrate 13 would be produced. Dyeing with
aminoalkyl sulphonated dyes in the absence of salt
should lead to the following dyed substrate shown in
Figure 9.

DCPEAT contains two reactive chlorine atoms, and
when it is applied to cellulosic substrates under weakly
alkaline conditions one of the chlorine atoms reacts.
The cellulosate substituent deactivates the triazine ring
ensuring that the product of the presensitisation
reaction contains significant number of monochloro-
triazine residues. Aliphatic amino groups are more
powerful nucleophiles than hydroxyl groups, so very
efficient reaction at the monochlorotriazine residue
should be possible during subsequent dyeing with
aminoalkyl dyes.

It was found that substrate 13 was best prepared by a
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A simplified representation of this substrate is:

O—cell

RyNE Cl

Cationic, anionic dye
attracting, centre

Reactive centre capable ot
reaction with dyes containing
nucleophitic residues

"03S—D—CHCH—NH

+

RalN=—rnnnnrHN O—cell

Figure 9 Dyed substrate obtained in dyeing with aminoalkyl dyes in
the absence of salt

24 h cold pad-batch technique at pH 8.5, followed by a
thorough cold water wash-off. Although long-liquor
applications of DCPEAT were studied, inadequate
substantivity of this compound for the fibre gave
poorer dyeings than those obtained on substrates
prepared by pad-batch methods.

Two aminoalkyl dyes were employed to dye
substrate 13 in the absence of salt: Procion Red H-8BN
(monoaminoethyl-aminotriazine derivative [22]), and
Procion Red H-E3B (Zeneca, Cl Reactive Red 120;
bis(aminoethyl-aminotriazine) derivative [24]). The
results obtained when applying these two nucleophilic
dyes to substrate 13 are shown in Figure 10 (no salt
dyeing at pH 9 with 2% o.w.f. dye, raised to the boil and
boiled for 1 h). Figure 10 demonstrates that good
substantivity and fixation are achieved at the higher
levels of DCPEAT application (5.4% o.w.f.). Slightly
better results were achieved using the bifunctional
aminoethyl dye derived from CI Reactive Red 120.

CONCLUSIONS

New methods examined for improving reactive dyeing
have concentrated on fibre medification to allow dye
application in the absence of salt. Clearly if fibre
modification is to be commercially successful, then the
treatment must be economic to apply and safe to use.
So far the most promising effects have been obtained
by premodifying fibres with Glytac A or NN-
dimethylazetidinium chloride.

Two methods for making the fibre reactive and
subsequently applying nucleophilic dyes have been
explored. N-methylolacrylamide will etherify cotton in
a pad-bake application procedure, and this activated
cotton can subsequently be dyed with nucleophilic
dyes to very high fixation efficiencies. The specially
prepared compound 2,4-dichloro-6-(2-pyridinoethyl-
amino)-s-triazine (DCPEAT) could be fixed to cellulose
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Cel—OTNH-CHECHEJN:/ \> (DCPEAT cotton)
Cl
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Figure 10 Application of various aminoethyl dyes to DCPEAT cotton

by a pad-batch procedure. This gives a modified
substrate containing a cationic centre to enable ‘no-salt’
dyeing with sulphonated dyes and a reactive
chlorotriazine residue, which will covalently bind with
nucleophilic residues in the dye.
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