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To obtain the optimum conditions for dyeing cellulosic fibre with reactive dyes, it is necessary to find
out how dyeing results depend upon the properties of the dyes and the fibres. The relationships
between the rates of dyeing, dyeing equilibria, types of dye and additions of auxiliaries are impartant.
Based on data that are already available or easy to acquire, it is possible to control the pH of the
dyebath and the addition of auxiliaries to obtain optimum exhaustion and fixation for each reactive
dye. The advantages to be gained are shorter dyeing times, better dyeing reproducibility and better

levelness.

INTRODUCTION

Among the many classes of dye for cellulosic fibres,
reactive dyes are distinguished by their wide range of
brilliant shades, excellent wet fastness and simple appli-
cation methods. Because of these attractive features, the
demand for them is increasing year by year. Figure 1
shows the change in consumption of major classes of
dyes for cellulose in Japan [1]. It can be seen that the
consumption of reactive dyes has increased dramatically
in the last ten years, and this represents a general trend
throughout the world.
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Figure 1 Consumption of major classes of dye for cellulose in Japan
from 1981 to 1980 [1]

With the rapid growth in demand for reactive dyes,
many technical problems associated with levelness and
reproducibility have been raised by dyers. On a commer-
cial basis, the number of unacceptable dyeings on cotton
dyed with reactive dyes is much higher than with dis-
perse dyes on polyester or cationic dyes on acrylic fibres.
Therefore in order to ensure quality during the dyeing
process, Sumitomo has recently developed a ‘rational-
ised dyeing method’ for use with its range of Sumifix
Supra vinylsulphone/monochlorotriazine heterobifunc-
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tional reactive dyes. In this paper the theory and practice
of level dyeing using this method is discussed.

LEVEL DYEING ON CELLULOSE WITH
REACTIVE DYES

The factors that affect levelness during conventional
dyeing are the rate of dye uptake and migration. Adjust-
ing the rate of dyeing to the levelling capacity of the
dyeing equipment is an effective means of obtaining a
level dyeing. Thus when the conditions are such that the
rate of exhaustion of reactive dyes meets the levelling
capacity of the dyeing equipment, a level dyeing can be
obtained. Rapid dyeing methods for polyester using
disperse dyes are an example of this [2,3].

Figure 2 shows typical exhaustion and fixation curves
measured during the dyeing of cellulosic fibres with
reactive dyes [4]. During the primary exhaustion stage
dyeistaken up into the fibre in the presence of added salt.
The mobility of the dye within the fibre is restricted only
by its affinity for this phase, and consequently the dye is
free to migrate throughout the whole fibre. During the
secondary exhaustion stage alkaliisadded to the dyebath
and dye—fibre reaction takes place. Consequently dye
migration during this stage is poor.
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Figure 2 Rate of exhaustion and fixation of reactive dyes



ANALYSIS OF FACTORS AFFECTING
LEVEL DYEING

Rate of primary exhaustion

Figure 3 shows the relationship between the degree of
primary exhaustion and dyeing depth with Sumifix Supra
dyes. With these dyes the primary exhaustion is de-
signed to be within the range indicated.
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Figure 3 Relationship between dyeing depth and degree of primary
exhaustion using Sumifix Supra dyes

For pale shade dyeings (<1% o.w.f. dyeing) the degree
of primary exhaustion is over 80% and the degree of
secondary exhaustion is very small. Therefore it can be
seen that control of the primary exhaustion stage is very
important if a level dyeing is to be obtained.

The degree of primary exhaustion depends upon the
amount of inorganic salt in the dyebath, and Figure 4
shows the relationship between the amount of inorganic
salt and the degree of primary exhaustion of Sumifix
Supra dyes. To control the rate of primary exhaustion,
portionwise addition or dosing with inorganic salt is
effective. Figure 5 shows the recommended dosing curve
in order to obtain a constant rate of primary exhaustion.
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Figure 4 Relationship between amount of Glauber's salt and primary
exhaustion of Sumifix Supra Navy Blue 2GF measured at various
dyeing depths
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Figure 5 Recocmmended dosing curve using Glauber’s sait

Under dyeing conditions the amount of inorganic salt
required is high, and achieving satisfactory dissolution of
large quantities inorganic salt can be troublesome. Hence
a 30% solution of Glauber’s salt is often used. In this case
portionwise addition or dosing with inorganic salt is
impossible because of the limitations on liquor ratio.

Migration

Figure 6 shows the migration properties of a range of
reactive dyes on cotton measured during the primary
exhaustion stage. Curve A is for CI Reactive Blue 19,
which exhibits low primary exhaustion and a high de-
gree of migration, curve C is for CI Reactive Blue 21,
which shows a high degree of primary exhaustion but a
low degree of migration, while curve B represents CI
Reactive Blue 194, which exhibits a medium degree of
primary exhaustion and consequently has good migra-
tion properties (the migration taking place over a short
period of time). The migration of dye is considerably
influenced by the degree of dyebath circulation, which in
turn is dependent on the type of dyeing machine used.
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Figure 6 Ciassification of exhaustion curves for reactive dyes

Rate of secondary exhaustion

It has been shown for pale shades that the levelness of
dyeings using Sumifix Supra dyes depend mainly upon
the primary exhaustion stage. However, the rate of sec-
ondary exhaustion is important when considering med-
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ium to deep dyeings. Table 1 quotes the relationship
between dyeing depth and amount of dye which ex-
hausts during the secondary stage. The rate of secondary
exhaustion is controlled mainly by the rate of fixation so
this property is also very important for obtaining a level
dyeing,.

.Table 1 Amount of dye taken up during dyeing (Sumifix
Supra Navy Biue 2GF)

Dyeing depth Primary Secondary

(% o.w.t.) exhaustion (% o.w.l.) exhaustion (% o.w.f.)
0.5 0.48 0.01
1.0 0.83 0.14
2.0 1.35 0.50
3.0 1.70 1.05
5.0 2.25 2.00

Rate of fixation

To control the rate of secondary exhaustion and fixation,
temperature control of the dyebath has been widely
employed. But in the case of reactive dyes it is very
difficult to control the rate of dye fixation by regulating
the rate of heating. A better approach is to regulate the
dyebath pH by dosing with alkali, and this method is
suitable for an optimised dyeing process.

The pH value of the dyebath affects both the degree
and the rate of fixation of reactive dyes on cotton. Figure
7 shows the effect of dyebath pH on the rate of fixation of
a Sumifix Supra dye and a conventional vinylsulphone
dye. Clearly the rate of fixation can be controlled by an
alkali dosing method.
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Figure 7 Effect of dyebath pH on the rate of fixation
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The relationship between dyebath pH and degree of
fixation of a Sumifix Supra dye and a monofunctional
vinylsulphone dye is shown in Figure 8. This shows that
at pH 11.5 and 3 min fixation about 67% of the Sumifix
Supra bifunctional reactive dye can be fixed during a pH-
regulated process. By comparison, only a 26% of the
vinylsulphone dye (CI Reactive Blue 19) fixes to cotton
during the alkali dosing process, and therefore such a
method is not effective in this case for controlling the rate
of fixation.
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Figure 8 Relationship between dyebath pH and relative degree of
fixation at 60°C during the alkali dosing process (white circles and
squares represent Gl Reactive Blue 19; black circles and squares
represent Sumifix Supra Yellow 3RF)

In Figure 9 the relationship between alkali dosing time
and dyebath pH, in order to obtain a linear fixation curve,
is shown. It can be seen that the bifunctional reactive dye
begins to fix on cellulose at a lower dyebath pH; the pH
range is wider than that for the monofunctional vinyl-
sulphone dye, and consequently dyeing is easier to con-
trol. This is a very important point and a major advantage
of Sumifix Supra dyes in a pH-regulated process.
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Figure 9 Relationship between dosing time and pH of dyebath

The dyebath pH can be controlled with various kinds
of alkali. The type of alkali is not critical to the results of
the dyeing. Figure 10 shows the relationship between the
amount of alkali and dyebath pH, the critical pH range
for Sumifix Supra dyes being 9.5 to 11.5. It is difficult to
control pH using strong alkalis such as caustic soda,
therefore soda ash or a combination of sodium bicar-
bonate and caustic soda is recommended for use with
Sumifix Supra dyes.
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Figure 10 Relationship between amount of alkali and pH of dyebath

Figure 11 shows the recommended dosing curve us-
ing a combination of sodium bicarbonate and caustic
soda. The addition of sodium bicarbonate, followed by
the addition of strong alkali such as caustic soda, is a safe
method of ensuring accurate control of dyebath pH
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Figure 11 Dosing curve using a combination of sodium bicarbonate
{5 g/l at start) and caustic soda

Figure 12 shows the relationship between the required
overall dosing time and the rate of fixation of Sumifix
Supra dyes. It illustrates that the rate of fixation can be
controlled by changing the time over which alkali is
added to the dyebath.

The even distribution of dyes on the fibre is the most
important factor for ensuring a level dyeing; therefore in
addition to the rate of fixation the rate of secondary
exhaustion must be considered. The relationship be-
tween fixation rate and rate of secondary exhaustion of
Sumifix Supra dyes can be obtained experimentally, as
shown in Table 2. From the data it is possible to calculate
the rate of fixation necessary to bring about a suitable rate
of secondary exhaustion.
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Figure 12 Relationship between dosing time and rate of fixation

Table 2 Relationship between rate of fixation and rate
of secondary exhaustion (Sumifix Supra Yellow 3RF)

Dyeing depth Rate of Rate of secondary

(% o.w.f.) fixation {%/min}  exhaustion (%/min)
0.1 1.7 0.47
3.0 1.8 0.61
6.0 2.0 0.70

{a} Unmercerised cotton dyed with Sumifix Supra Yellow 3RF
(x% o.w.1.) in the presence of sodium bicarbonate (5 g/l
and caustic soda (40°Be) (6 g/l)

A RATIONALISED DYEING PROCESS
USING BIFUNCTIONAL REACTIVE DYES

For a rationalised dyeing process using Sumifix Supra
dyes, an isothermal dyeing method at 60°C with pH
control of dyebath is recommended.

Pale shades
For pale shade dyeings, over 60% of the dye is exhausted
in the primary exhaustion stage and therefore this stage
is the most important for obtaining a level dyeing.
Dosing or split addition of salt is recommended in
order to obtain a linear exhaustion curve, as shown in
Figure 13. Using jet dyeing machine it is common prac-
tice for the salt to be added at the start of dyeing in one
portion and to allow a suitable migration time before the
addition of alkali. The migration effect is very important
and selection of suitable dyeing equipment which can
produce this effect is essential [5].

Medium shades

For medium shades, 40 to 60% of the dye is exhausted
during the primary exhaustion step. Both primary ex-
haustion and secondary exhaustion steps are important
for obtaining level dyeings. It is recommended that the
inorganic salt is added to the dyebath by dosing or by a
spilt addition method. With a jet dyeing machine it is
normal to add the saltin one portion at the start of dyeing
and then the migration time is calculated before the
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Figure 13 Example of a dyeing program for pale dyeings

addition of alkali. During secondary exhaustion pH con-
trol by alkali dosing is necessary. Figure 14 represents a
suitable dyeing program for obtaining medium depth
dyeings.
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Figure 15 Example of a dyeing program for deep dyeings

Deep shades

Less than 40% of the dye is exhausted for deep shades
during the primary exhaustion stage and an all-in addi-
tion of salt is recommended. During the secondary ex-
haustion stage pH control with alkali dosing is necessary
in order to obtain level dyeings. Figure 15 is an example
of a suitable dyeing program for deep shades.

CONCLUSION

The alkali dosing processisbecoming popular asaration-
alised dyeing method for reactive dyes [6-8]. Many types
of reactive dye can be used, but the optimum pH range
will depend on the nature of the dye employed. In order
to control the rate of exhaustion it is desirable to use a dye
that reacts over a wide pH range, so that conditions can
easily be controlled during dyeing. The Sumifix Supra
range of dyes contain both a vinylsulphone and a
monochlorotriazine reactive group. They react with cel-
lulose over a wide pH range, and are therefore suitable
for use in such optimised dyeing processes.
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