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Dyeing cotton and polyester/
cotton blends with reactive and
disperse dyes in short-liquor jets

F R Latham

In the exhaust-dyeing sector, the established trend towards
short liquors will continue, and even become more pronounced.
This trend makes it necessary to pay attention to the changed
requirements with regard to the pretreatment, solubility of the
dyes and auxiliaries used, and to fabric-running properties, etc.
Process control and product selection must also be checked to
ensure their suitability for the different requirements. In this
way, the disadvantages of the short-liquor technique can be
overcome and full advantage taken of it. Either hot-dyeing or
warm-dyeing types offer certain advantages, depending on the
fastness requirements, the equipment available and the process-

ing techniques employed.

Introduction

The following are the most important

factors that can be influenced by

shortening the liquor ratio:

* reduced effluent and pollution of the
environment

* better quality and reproducibility of
dyeing

* lower costs for dyes, auxiliaries and
processing

* lower energy requirements

* reduced investment in energy
production and effluent treatment.

It is clear from the points listed here
that the trend towards short liquors is
based on factors that are becoming
increasingly important.

Trends in machinery developments
There has been a continual shortening
of the liquor ratio in modern dyeing
technology. Only a few decades ago
the winch was supplemented by jet
machines, that is to say machines in
which the fabric is transported through
jets. With the next generation of soft-
flow machines the fabric transport was
achieved by overflow, thus reducing
the heavy stresses placed on the
material in the first generation of jets.

This is a summary of a paper presented to
the Society’s Scottish Region in October
1991

A further reduction in the liquor
ratio became possible by no longer
flooding the fabric storage section; in
other words the liquor is situated only
in the sump below the fabric. This type
of equipment is frequently fitted with a
plaiting-down device in order to
deposit the material in a controlled
manner. In the latest development the
fabric rope is no longer transported by
the liquor flow, but by an aerodynamic
system using blowers and a steam/air
mixture.

Advantages in dyeing
The shorter liquor ratio can offer
advantages with regard to colour vield,
reproducibility and savings in salt.
Economic reasons and protection of the
environment are also promoting the
trend towards short-liquor dyeing
processes for reactive dyes. At the same
time, these processes give a higher
degree of fixation, which also has a
positive effect on the reproducibility.
The better reproducibility and
transferability of the recipes at short
liquor ratios are due to
» the higher degree of exhaustion
{(before the addition of alkali)
* the higher degree of fixation.

Paossible limitations and how to
overcome them

The factors to which attention is
necessary when dyeing is carried out at
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short liquor ratios are: accumulation of
fibre impurities in the dye liquor,
suitability of the auxiliaries, running
problems with the fabric, faster exhaus-
tion, solubility of the dyes, and wash-
ing-out properties of the unfixed dye.

Levelness

Faster and more complete exhaustion
at short liquor ratios brings with it the
risk of levelness problems, which can

be due to

* bath exhaustion reached too rapidly
= excessive bath exhaustion

* solubility exceeded.

With hot-dyeing types, this risk of

unlevelness can be countered by the

following process parameters:

* regulation of the temperature

* metering of the salt (duration and
progression)

* controlling the duration and tem-
perature of the migration phase
before the alkali addition.

In principle, it is possible to use
systems that are suitable for exhaust
dyeing processes and obtain level
dyeings. However, this does not mean
that they are all equally suitable for this
purpose. They also differ in their
reliability with regard to tolerable
deviations that do not have an adverse
effect on the levelness.

With the hot-dyeing types, a very



high degree of exhaustion is achieved
under conditions of neutral pH, that is
to say without the possibility of a dye-
fibre reaction. Levelling and diffusion
of the dye can be regulated by means
of controlling the temperature and
time of the process. With the addition
of alkali, most of the dye fixes at that
point where it has exhausted
substantively onto the fibre.

In the case of the vinylsulphone
dyes, a very low degree of exhaustion
is obtained without alkali, but once the
alkali has been added there is nothing
to stop a simultaneous reaction taking
place. Therefore with vinylsulphone
dyes the production of dyeings with
reproducible levelness, penetration
and depth of shade depends on con-
stant metering conditions for the alkali.

Solubility
Figure 1 shows the limitations imposed
by equipment. In other words, all four
points touch on the problem of dye
solubility in the presence of electro-
lytes. Ways of reducing this problem
and of increasing the solubility of
reactive dyes are proposed in Figure 2.
This last point is illustrated by the
process diagram in Figure 3. This
means is only necessary with a very
few dyes, on account of their solubility,
when dark shades are to be dyed.

A further point in favour of this
procedure is the more common use of

1. Good runnability depends on
the maintenance of a specific
tiquor volume

2. Limited amount of water
available for dissolving the
dye, salt and alkali (less than
the total liquor volume)

3. The dye, salt and alkali must
be added in a specific order

4. The dye selection and method
of application must be
adapted to suit the mechanical
conditions
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Figure 3 Technique for reducing the solubiity problem with Basilen E dyes

salt added in the form of brine, which
avoids any increase in the liquor
volume.

Washing-out properties

Even very small amounts of residual
hydrolysate make it impossible to
achieve an acceptable standard of wet
fastness. Where the economic removal
of the dye hydrolysate is concerned,
the short-liquor technique offers no
advantages as yet over conventional
processes, and there is still room for
considerable improvement in the
washing effects obtained.

Dyeing processes for polyester/cotton
In this sector, a choice can be made
between the well known two-bath
process and various one-bath proc-
esses. The advantages and disadvan-
tages of these processes are listed in
Figures 4 and 5 respectively. The
decision on which process to use is not
simple, and depends on:

* depth of shade

* dye selection (anchor systems and
individual dyes)

* fastness requirements

* automation and metering facilities

* equipment available.

In general the two-bath process is the
more reliable and flexible process, and
it gives better reproducibility. How-
ever, it is also the more complicated
process. The dye selection is relatively
simple, with no restrictions imposed by
the poor HT stability of some reactive
dyes or the limited stability to electro-
lytes of certain disperse dyes.

One-bath process for Basilen E and F dyes
In this process the disperse dye is fixed
in the first phase. At the same time, the
reactive dye exhausts substantively
onto the fibre, where it can readily
migrate. After the bath has been cooled
to 80°C the alkali is added to fix the
reactive dye.

There are two reasons why this
process is not ideal for vinylsulphone

Figure 1 Main problems in dyeing with reac-
tive dyes at short liquor ratios

« Use of Glauber's salt instead
of common sait

» Better solubility in the alkaline
pH range

« Better solubility at higher
temperatures

+ Addition of salt first, followed
by metered addition of dye,
the dye then exhausts onto
the cotton thus lowering dye
concentration in the liquor
{particularly effective for hot-

dyeing types, e.g. Basilen E)

Figure 2 Ways of reducing the solubility
problem

Advantages

« Highest standard of fastness

» Good reproducibility

- Best possibility for shading

» Most reliable procedure

» Low-priced common salt can
be used

= Better colour yield

+  Wide dye selection

+ Reduction clearing is possible

Disadvantages

Long dyeing times

More expensive process
High energy requirement
High water consumption

Figure 4 Advantages and disadvantages of the two-bath process

Advantages

+ Short dyeing times

+ Levelling of the Basilen E
dye in the HT phase

« Economical dyeing

Disadvantages

.

Ludigol {BASF) necessary

Glauber's salt necessary, owing to
the risk of corrosion

Glauber's salt more

expensive and less soluble

Palanil (BASF) dyes used must be
stable to electrolytes

The reactive dyes must be HT-stable
Limited dye selection (solubility)

No possibility of reduction clearing

Figure 5 Advantages and disadvantages of the one-bath process
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(Basﬂen F) dyes:
since the dye only exhausts to a
slight extent in the weakly acid pH
range, no levelling effect is obtain-
able in the HT phase

* it is not economic to cool the bath te
maximum 60°C after the HT phase.

For this reason, BASF recommends the
reverse process for Basilen F dyes. In
this process the reactive dye is fixed
first, after which the bath is acidified
and then heated to 130°C to fix the
disperse dye.

One-bath processes are not univers-
ally applicable. The extent to which
they can be used is limited by the
depth of shade, product suitability and
fastness requirements. However, when
they can be used they offer significant
economic advantages.

Conclusions

The trend towards dyeing in short

liquors will continue to develop

worldwide. Without increasing the

dyeing costs such processes allow a

marked reduction in the load placed on

the environment, namely:

» a much lower salt consumption
(approximately 75% less)

* approximately 30% less dye
hydrolysate in the effluent

* lower consumption of water and
energy.

By shortening the liquor ratio, we
achieve an improvement in the quality
and reproducibility, provided, of
course, that the processing parameters
and dyeing recipes have been adapted
to suit the changed conditions and
requirements.

Reference has been made to ineffi-
cient washing action. Rinsing with
overflow via the sump only gives good
results when the old liquor is first
removed from the fabric rope, or
reduced in quantity, before the fabric
reimpregnated with rinsing or soaping
liquor. In this way, the machinery
manufacturers would also be able to
extend the advantages of the short-
liquor technique to the rinsing and
soaping process.

It is not possible to generalise about
the relative advantages and disadvan-
tages of hot-dyeing and warm-dyeing
types. However, the Basilen E and
Basilen F dye ranges can usually be
used to meet customers’ specific
requirements.

The author works for BASF, Cheadle, UK



