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The exhaustion and fixation of four commercial monaochlorotriazine reactive dyes on cotton fabric has
been determined spectrophotometrically in the all-in jet dyeing process. The influence of liquor ratio
on exhaustion and fixation was estimated. The exhaustion of two dyes on the cotton fabric was very
good, especially at short liquor ratios. High levels of fixation at all liquor ratios were recorded, varying
to some extent according to the liquor ratio used in the dyeing cycles.

INTRODUCTION

Reactive dyes are the most recently developed of the
major dye classes. Their ease of application, wide shade
range, high brilliancy and excellent wet fastness properties
make them the preferred choice for many cellulosic fibre
dyeing applications. Improvements in the structure of
reactive dye chromogens and in the structure, selection
and number of reactive groups have led to an increased
use of reactive dyes [1-3]. At the same time there have
been important developments in the technology of dyeing
[4]. By 1990 53% of reactive dyes were applied by
batchwise techniques, 22% by printing, 14% by pad-batch
methods and 11% by continuous processes [5]. Jet dyeing
using reactive dyes is widely practised as it is economic for
many different types of cellulosic material {2). The so-
called “all-in” dyeing cycle for use with reactive dyes is
simple and offers good repeatability. However, it is
important that dyes that are relatively inert towards alkali
are used.

Prior to 1971 about 200 different reactive groups were
patented [6], and these can be dlassified according to their
reaction mechanism [7]:

(a) Groups that react by nucleophilic bimolecular sub-
stitution

(b) Groups that react by a nucleophilic addition
mechanism

(c) Groups that react via several addition and elimination
steps with a nucleophilic group of the fibre

(d) Groups that react by ester formation of a phosphonic
acid group.

Monochloro-s-triazine dyes belong to the first group.
Reaction with the hydroxyl group of cellulose fibres
usually takes at about 80°C in an alkaline medium (about
pH 11} [7,8]. These dyes are typically used for the
preparation of stable print pastes and for the all-in dyeing
process, as it is important that the reaction between dye
and fibre is maximised and dye hydrolysis is kept as low as

possible. Attempts to modify fibres to confer a higher
fixation ratio have been successful [9,10].

Also for several years dyes with two or more reactive
groups in the molecule have been available; these are
designed to increase reaction with fibres. The structure of
dyes for batchwise dyeing processes is usually such that
two chromogens are connected to two reactive groups, as
shown in Figure 1 [11]. These dyes, having about twice the
molecular size of simple monochlorotriazine dyes, are
much more substantive. This allows them to achieve
excellent exhaustion on to the fibres and a high fixation
ratio. The reason for the present investigation was to
investigate the effect of varying liquor ratio on the fixation
of two simple monochlorotriazine dyes, and to compare
their behaviour with that of two bifunctional dyes in the
all-in dyeing method.

Lchromogen H RG }———FG—’——E;hromogen

RG = reactive group

Figure 1 Schematic diagram of a bifunctional reactive dye molecule

EXPERIMENTAL

Materials
Bleached unmercerised cotton fabric was used throughout
the work. The absence of residual size was confirmed by
testing with iodine. Before dyeing the fabric was boiled in
distilled water.

The commercial reactive dyes used are listed in Table 1.

Equipment

Dyeing was carried out using a Mathis JFL jet dyeing
machine. The equipment was programmed to provide
reproducible results. For spectrophotometric measure-
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Table 1 Structure of chromogen and reactive group of dyes used

Commercial name Dyeno. Cl Reactive Chromogen Reactive group

Procion Scarlet H-2G 1 Red 43 Monoazo Monochloro-s-triazine

Procion Blue H-4R 2 Blue 74 Anthraquinone Moncchloro-s-triazine

Procion Red H-E7B 3 Red 141 Monoazo Bis{monochloro-s-triazine}

Procion Blue H-ERD 4 Blue 160 Azo copper complex  Bis(monochloro-s-triazine)
(formazan}

ment an Opton model M 4Q III-DMR 21 spectro-
photometer was used. The dyebath pH was determined
using an Iskra model MA 5740 pH meter.

Dyeing of cotton fabric

Samples of cotton fabric (50 g) were dyed at liquor ratios of
10:1, 20:1, 30:1 and 40:1 by following an all-in procedure in
the jet, with a 1% commercial dye solution. Dyebath
preparation and fabric aftertreatment were in accordance
to the manufacturer’s instructions [12,13]. Lanapex R (ICI)
(0.5 g/1) was used for soaping at 98°C. The dyeing cycle
adopted is shown in Figure 2. Each cycle was repeated five
time to ensure statistically significant results.

oo Dyes 45 min
Soda ash well 80°C
Caustic soda diluted 45 min

l 15min Y10miny 15 min Wash-off

20°C

Figure 2 All-in dyeing cycle used

Determination of dye exhaustion and fixation
The percentage exhaustion E of the dyes on cotton fabric
was calculated by spectrophotometric measurement of the
dyebaths (at A_, ) before and after the dyeing process. The
amount of dye stripped by washing and soaping was
determined by spectrophotometric measurement of the
washing and soaping solutions. By determining the
amount of dye removed from the dyed fabric during
aftertreating, the percentage fixation F” was calculated.
Any unfixed dye was stripped from the dyed cotton
fabric by extraction of aftertreated dyed sample in a buffer
solution (sodium dihydrogen phosphate/sodium
hydroxide, pH 7) containing 25% tetramethylurea and
0.3% Lanapex R at 80°C until the extracted solution turned
colourless [14]. The coloured extracts were added together
and the amount of dye stripped was determined
spectrophotometrically. The true percentage fixation F
was then calculated by determining the amount of dye
removed by these extractions.

RESULTS AND DISCUSSION

In the all-in dyeing cycle, dilute dye solutions are dosed to
prepared alkaline dyebaths. In this study the pH of the
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dyebaths at the end of the dyeing process was 11.4 + 0.1.
Figure 3 shows effect of liquor ratio on exhaustion of dyes
1 and 2. Exhaustion of 1 at a 10:1 liquor ratio was almost
27% higher than at 40:1. Similarly exhaustion at the
shortest liquor ratio was about 57% higher than at the
longest when dye 2 was used. Exhaustion values depend
on the substantivity of dyes, which in turn are influenced
by the chromogen structure, which in 1 (scarlet) is
monoazo and in 2 (blue) is anthraquinone.

The percentage exhaustion of dyes 3 and 4 was
relatively high and not so dependent on liquor ratic. This
behaviour was typical of dyes with higher substantivity.
Dye 3 is a bifunctional dye designed for use in batchwise
processes. Two monoazo chromogens are connected to
two monochlorotriazine groups. This red dye has about
twice the molecular size of a simple monochlorotriazinyl
dye [8]. Therefore it is much more substantive, offering the
possibility of achieving excellent exhaustion on cotton
fabric.

The relatively high exhaustion of dye 4 is also related to
the structure of its formazan chromogen, one of the newer
high-quality blue chromogens. Dye 4, a metal-complex
azo dye, showed excellent exhaustion, even at a longer
liquor ratios: at 40:1 it had 81% higher exhaustion than
had dye 2. Formazans also possess good fastness prop-
erties, which are evident when comparing the wet
fastness of dyed cotton fabrics washed under ISO 105:C03
conditions (Table 2).
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Liquor ratio

Figure 3 Effect of liquor ratio on exhaustion £ of dyes



Table 2 Staining of white cotton fabric in
the 1ISO 105:C03 wash fastness test

Dye no.
Liquor
ratio 1 2 3 4
10:1 2-3 3-4 2-3 5
2011 2-3 3-4 2-3 5
301 2-3 34 2-3 5
40:1 2-3 3-4 2-3 5

Because the wet fastness of dyeings of reactive dyes
depends on using the correct method for rinsing and
soaping, these two procedures were carried out precisely
as detailed in the manufacturer’s instructions. From a
technological point of view, the dyeing process is finished
when the fabric is aftertreated. Although the washing
fastness test [SO 105:C03 on aftertreated dyed fabrics has
previously given excellent values [5], comparing the F’
values (Figure 4) with the F values (Figure 5) indicated that
aftertreated samples also contained some dye present in
the hydrolysed form.

The value of F is a true indication of the extent of
chemical fixation of the reactive dye with the nucleophilic
cellulosate anion cell-O- in an alkaline medium. Fixation
of the simple monochlorotriazine dyes 1 and 2 was
strongly dependent on liquor ratio, the fixation value
tending to rise as the liquor ratio shortened. Fixation of 1
(Figure 5) at a short liquor ratio was only 10% (absolute)
lower than that of 3, but with increasing dyebath dilution
the difference became greater.

Very low fixation was recorded when dye 2 was used in
an all-in dyeing process. At the shortest liquor ratio the
percentage fixation reached 16.3%, while at the longest
liquor ratio it fell to 4.1%. This was probably because of the
poor substantivity of the anthraquinone chromogen for
cellulose. Also, as the dye has only one monochloro-
triazine reactive group, there was a likelihood of it
hydrolysing in the alkaline dyebath.
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Figure 4 Effect of liquor ratio on fixation F” of dyes
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Figure 5 Effect of fiquor ratio on fixation Fof dyes

Plotting liquor ratio as a function of fixation shows that
dyes 3 and 4 had similar fixation values, which were very
slightly dependent on liquor ratio. The high fixation of 3
was attributed to the bis(monochlorotriazine) reactive
groups in the centre of the chromogen. Dyeing at 10:1
liquor ratio with 3 gave an F value of 73.7%, with only a
negligible fall in this value as the liquor ratio was
decreased. Similarly the fixation of the formazan dye 4
was about 70% at all liquor ratios. These values are of the
same order as those normally achievable with bifunctional
monochlorotriazine dyes in batchwise dyeing [15}.

CONCLUSIONS

The percentage exhaustion and fixation of four
commercial monochloro-s-triazine reactive dyes in an all-
in dyeing process have been investigated. The bis(mono-
chlorotriazine) monoazo dye 3 and the azo copper
complex (formazan) dye 4 were found to be suitable for
this method at all liquor ratios. Simpler monochloro-
triazine reactive dyes, e.g. dye 1, with adequate
substantivity towards cellulose fibres, are also usable in all-
in dyeing, but preferably at short liquor ratios.
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