Dyeing cotton in short-liquor jets

Kurt Bacher

The emergence of short-liquor jets for dyeing cotton and its
blends has been marked over recent years. Not only does this
process offer the possibility of more economical dyeing, but it also
reduces the load inflicted on the environment. Kurt Bacher dis-
cusses the problems associated with short-liquor dyeing and how

to overcome them.

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
changing requirements for pretreatment,
the solubility of the dyes and auxiliaries
used on cotton, and to the fabric-running
properties of cotton itself. The process
control and product selection must also
be checked to ensure their suitability for
the different requirements. Other factors
requiring attention are listed in Figure 1.
In this way the disadvantages of the
short-liquor technique can be cvercome
and fuil advantage taken of its benefits.
Depending on fastness requirements,
and equipment and processing
techniques available, it may sometimes be
better to use "hot-dyeing” and sometimes
‘warm-dyeing’ types of dye, such as the
Basilen E and Basilen F ranges.

The continual shortening of the liquor
ratio is illustrated by the machines that
have emerged over recent years. 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

« Accumulation of fibre impurities in the
dye liquor

« Suitability of the auxiliaries (e.g.
foam)

+ Running problems with the fabric
(running aids, crease inhibitors)

+ Faster exhaustion (levelness)

+ More complete exhaustion (lower
migration)

+ Solubility of the dyes

+ Washing-off properties of the unfixed
dye

Figure 1 Factors that require particular
attention when the liquor ratio is reduced

overflow, thus reducing the heavy
stresses placed on the material in the first
generation of jets. 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

When dyeing cotton, the shorter liquor
ratio can offer advantages with regard to
colour yield, 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 (Tables 1 and 2).
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) and the higher degree of fixation.

Table 1 Influence of the liquor ratio on
degree of fixation (liquor ratio 5:1 = 100%

Fixation (%)
at liquor ratio

51 1011 201

Basilen Blue E-3G

(C! Reactive Blue 2)
Basilen Yellow E-G
(C! Reactive Yellow 137) 106 95 90
Basilen Navy Blue E-2R
(Cl Reactive Blue 211)

106 90 80

100 98 98
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Table 2 Influence of the liquor ratio on
average degree of fixation of Basilen E
dyes

Fixation (%) for depth

Liquor

ratio 3% 0.3%

20:1 75 83

10:1 80 86
5:1 85 90

Levelness

The faster and more complete exhaustion

at short liquor ratios brings with it the risk

of levelness problems, which can be due

to the following causes:

* bath exhaustion reached too rapidly
{uneven uptake)

* bath exhaustion excessive ( lower
levelling-out capacity)

= solubility exceeded ( uncontrolled
uptake)

With hot-dyeing types this risk of
unlevelness can be countered by
improved regulation of the temperature,
by metering of the salt (duration and
progression) and by controlling the
duration and temperature of the
migration phase before the alkali
addition.

In principle, it is possible to use all
anchor 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 levelness. A very high degree of
exhaustion with the hot-dyeing types is
achieved under conditions of neutral pH,
that is to say without the possibility of a
dye-fibre reaction. Levelling and
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diffusion of the dye can be controlled at
will via the temperature and time. On 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 vinyl sulphone dyes, it is not possible
to separate exhaustion and fixation
stages. Without alkali, a very low degree
of exhaustion is obtained but once the
alkali has been added there is nothing to
stop a simultaneous reaction taking place.
In short, when vinyl sulphone dyes are
used, the ability to produce dyeings with
reproducible levelness, penetration and
depth of shade depends on constant
metering conditions for the alkali.

Dyeing processes for polyester/cotton
blends

In this sector a choice can be made
between the well known two-bath
process and various one-bath processes.
The decision as to which process to use is
not simple, and depends on the depth of
shade, dye selection (anchor systems and
individual dyes), fastness requirements,
and the automation, metering facilities
and equipment available.

The advantages and disadvantages are
listed in Figure 2, which leads to the
conclusion that the two-bath process is
the more reliable and flexible process,
giving better reproducibility. However, it
is also a complicated process, although
dye selection is relatively straightforward,
with no restrictions being imposed by the
poor high-temperature (HT) stability of
some reactive dyes or the limited stability
to electrolytes of certain disperse dyes.

One-bath process for Basilen E and
Basilen F dyes

In the one-bath 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. However, there are two reasons why
this process is not ideal for vinyl
sulphcne dyes (such as the Basilen F
range). Firstly, since the dye only
exhausts to a slight extent in the weakly
acid pH range, no levelling effect is
obtainable in the HT phase. Secondly it is
not economic to cool the bath to a
maximum 60 °C after the HT phase.

For this reason the reverse process for
Basilen F dyes could be recommended. 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. It
is important to note that one-bath
pracesses are not universally applicable.
The extent to which they can be used is
limited by the depth of shade, product
suitability and fastness requirements.

One-bath process

Advantages
+ short dyeing times .
+ levelling of Basilen E .

dyes in the HT phase

+ economical dyeing .

Two-bath processes

i

— better possibility for shading

— more reliable procedure

— low-priced common salt can
be used

— better colour yield

— wide dye selection

- reduction clearing is possible

Disadvantages

Ludigol (BASF) necessary

sodium sulphate necessary, owing to
the risk of corrosion, which is more
expensive and less scluble than
common salt

the Palanil (BASF) dyes used must be
stable to electrolytes

» the reactive dyes must be HT stable
+ limited dye selection solubility)

* no possibility of reductive clearing

Advantages Disadvantages
— higher standard of fastness — long dyeing times
— good reproducibility — more expensive process

high energy requirement
high water consumption

Figure 2 Relative advantages of one-bath and two-bath processes

However, where their use is possible they
offer significant economic advantages.

Future trends

There seems to be little doubt that the
trend towards dyeing at short liquors will
continue to develop world-wide. Without
increasing the dyeing costs it allows a
marked reduction in the load placed on
the environment, due to a much lower
salt consumption (approximately 75%
less), approximately 30% less dye
hydrolysate in the effluent, and lower
consumption of water and energy. It is
possible to achieve an improvement in
the quality and reproducibility by
shortening the liquor ratio, 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 the
inefficient washing action. Rinsing with
overflow via the sump only gives
optimum results when the old liquor is
first removed from the fabric rope, or
reduced in quantity, before the fabric is
reimpregnated with rinsing or soaping
liquor (i.e. better liquor separation and
better liquor exchange). 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.

As far as the relative advantages and
disadvantages of hot-dyeing and warm-
dyeing types are concerned, it is not
possible to provide a universally valid
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recommendation. However, with the
Basilen E and Basilen F dye ranges it is
normally possible to meet the customers’
specific requirements.

Kurt Bacher is a textile engineer at
BASF AG, Ludwigshafen, Germany

AR N
‘Anything you need to
know about cotton dyeing?

The dyeing of cellulosic
fibres

is the book that will teli
you. It contains ten chap-
ters dealing with all the
important aspects of the
substrate itself, including
its preparation for dyeing,
and the principles and
application of all the rele-
vant dye classes.

Copies available from the
Society at a price of
£25.30 {plus £2.20 p &p)




