Short runs and continuous
dyeing: conflict or opportunity?

R F Hyde

How does the continuous dyer meet today’s fashion demands for
short runs and quick response? Some might answer ‘With
difficulty’. Nevertheless considerable effort has been devoted by
the dyestuff makers to make sure that their products are compat-
ible with the needs of this key sector of the coloration industry. In
this article Ron Hyde describes some recent developments that
enable short runs to be accommodated in the continuous dyer’s

repertoire.

Introduction

During the past decade continuous dyers
of cellulosic and polyester/cellulosic
waoven fabrics have been faced with
many changes in the market for their
products. The standard formal items
previously produced have been replaced,
to varying degrees, by a much wider
fashion-related product portfolio. The
dramatic growth in the leisure and
sportswear market has been a major
feature of all sectors of the textile
industry, both woven and knitted. This
rapid growth in the popularity of woven
leisurewear has brought certain
production problems to the continuous
dyeing sector. Requirements for rapid
response to fashion changes and the need
for short lead times and low stocks of
coloured fabric have led to more shades
being produced, and to shorter lengths.
Average run sizes have dropped
dramatically over recent years (Figure 1}.
This paper will review some of the

developments that have taken place to
accommodate these short runs in
continuous dyeing.

The problems that short runs bring can
be summarised as:
* increased downtime
* more changes of shade
* reproducibility problems
* more wastage of dye liquor
* increased environmental problems
« less efficient utilisation of machinery
*» decreased cost-effectiveness.

Measures available to meet these
problems will be reviewed under two
broad headings: machinery
developments and processing/product
developments

Machinery developments

Traditional continuous dyeing machinery
was designed to dye very long
production runs without stopping.
Nowadays, with many smaller dye lots
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the efficiency of machinery utilisation
dramatically drops, It becomes vital to be
able to change from one shade to another
smoothly and speedily.

Figure 2 shows how machine
utilisation can plummet with shorter
production runs and Jonger downtime.
Taking 75% as an acceptable and
commercially viable level for machinery
utilisation, it can be seen that downtime is
a crucial factor in defining the minimum
run size to achieve this level of efficiency.
In other words, the shorter the
downtime, the shorter the run size that
can be tolerated.

Traditionally, downtime between runs
has been over 60 min, which requires a
run of above 10 000 m to guarantee
efficient processing.

Another factor is the loss of equilibrium
in processing conditions when the
machinery is stopped, particularly when
units have to be switched off (e.g. IR
dryers, etc.). It can take several hundred
metres for the processing conditions to
become stabilised when machinery is
restarted, leading to off-shade dyeings for
these first few hundred metres. It has
been stated that 780 m or more of fabric
can be contained in a classical large
continuous dyeing range [1]. When runs
as low as 1000 m are being dyed this
proportion of off-shade start-up is totally
unacceptable. For these reasons
machinery developments have
concentrated on ways of maintaining the
plant at operating status whilst changing
shade and keeping downtime to a
minimum.

Mill organisation becomes of
paramount importance. Before
considering the actual continuous dyeing
machinery, the first important factor is of




100

80

60
®
~
g
2
5 40
/ R
/ R
7/ S
/s ’ .
20+~ e L7 Downtime
i ’ 5 min
Pt — — — — 20min
ST . 60 min
0 L 1 1 L ) 1 I
0 0.5 1.0 25 5.0 7.5 10 15 20

Length of run, m x 10°

Figure 2 Utilisation levels in continucus dyeing of short runs, fabric speed 60 m/min (the
horizontal line at 75% utilisation represents a realistic target for effective machine efficiency)

course the availability and condition of
the fabric to be dyed. The fabric must be
well prepared and suitable for dyeing. It
must also be available at the time
required if delays are to be avoided.
Correct scheduling of production to
enable a constant source of fabric is vital.
This must be guaranteed before any
machinery modifications to eliminate
downtime can be effective.

Let us now consider the various
sections of the continuous dyeing range
and examine how they can be designed
to minimise downtime and achieve
consistent right-first-time results.

Colorant preparation

Automated colour kitchens are well
established in printing production.
Continuous dyehouses have been slower
to adopt them because of the large
number of different types of dye used.
However, automatic colour dispensing
and preparation are now gaining ground
in continuous dyeing. Dispensing
systems for both liquids and solids are
being utilised, the latter being the more
recent introduction,

Quick-change padding equipment

In order to achieve a rapid changeover of
shade between runs it is important to
spray clean and dry the padding
equipment efficiently. This can be
achieved manually to some extent, but
automatic cleaning and refilling
equipment is now virtually standard in
any new continuous dyeing installation.

Infra-red predryers

One of the skills of the continuous dyer is
to maintain the machinery at operating
status to avoid fluctuations in the
processing conditions. If a heating unit is
switched off, the machine can run several
hundred metres of fabric before it reaches
optimum conditions in terms of
temperature, humidity, etc. This initial
length will have an unrepresentative
shade compared with the rest of the run.
Clearly when dyeing short lots such off-
shade fabric needs to be avoided. This
means that the machinery must be left
switched on when making changes of
shade so that it does not need heating up
again for each dyeing.

41 Correct scheduling of pro-
duction to enable a constant
source of fabric is vital. This
must be guaranteed before
any machinery modifications
to eliminate downtime can be
effective. 17

Most continuous dyeing ranges
employ IR predryers. The latest models
are fitted with shields that drop between
the fabric and the heating elements
during stoppages, allowing the elements
to remain switched on. Alternatively
elements are designed so that they can be

turned away from the fabric while
remaining switched on.

Hot-flue dryers

Most of the above considerations apply
equally to hot-flue dryers. Cleaning the
rollers in the hot flue, particularly after
applying a deep shade, was traditionally
alengthy procedure, requiring cooling of
the machine. Considerabie time in
cooling and reheating the equipment was
the norm. Now the latest versions of hot
flues incorporate self-cleaning rollers
with intermediate wet fent to wipe them
clean at operating temperatures. The
rollers are fitted with an intermittent
breaking system which aids the cleaning
process as the fent wipes over the
temporarily stationary rollers.

The passage of the wet fent through
the equipment whilst the colorant is
changed has a further benefit. If the
machine is stopped at operating
temperature the guide and transport
system will be heated up to nozzle
temperature. At the beginning of the next
dyeing the damp fabric will come in
contact with the hot rollers and be subject
not only to convective heating but also to
contact heating, which can lead to severe
migration problems. Therefore it is better
to pass an intermediate fent, between
dyeings, through the rinsing pad trough.
If this is oscillated from side to side it will
clean the padder and hot flue rollers
while keeping the humidity and wet-bulb
temperature conditions stable in the
dryer.

Pad-steam units

Automatic rapid-change spray washing
systems also enable quick cleaning of
chemical pad troughs, the inside of
steamers and the water seal at the exit of
steammers.

Similarly modern washing ranges have
automatic spray cleaning, It is also
important in washing ranges to have
large-diameter drains to allow rapid
change of wash liquor, otherwise the
benefits of rapid-change equipment may
not be fully realised.

Control systems

Simply keeping the machinery running
and minimising downtime will not in
itself vield successful results. Close
control of all the dyeing parameters is
necessary. The traditional long runs of
many thousands of metres gave
operators sufficient time to make the
necessary adjustments during running,
However, with short runs there is no
opportunity to make such changes
during running. Control has to be in
place from the first to the last metre if
profitable continuous dyeing is to be
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achieved. Just as important as consistency
during the run is reproducibility from lot
to lot, much more difficult to achieve with
many more lots now being dyed.

At the application stage much attention
has been paid to even pick-up of dye
liquor to ensure level dyeings. Moisture
measurement and monitoring equipment
has been used for many years, using
either the microwave or isotope detection
techniques. In recent years closed-loop
software has allowed these
measurements to be used to control pick-
up both along and across the piece at the
pad mangle.

The introduction of colour
measurement systems has further aided
the process of controlling dye application.
By scanning the fabric immediately after
dye application the moisture content as
well as colour can be controlled. Recent
work has shown that colour can most
effectively be measured on the wet fabric
immediately after the padder [2].

Humidity levels in hot-flue dryers are
critical in maximising energy efficiency,
and devices for monitoring and control of
humidity are available. Temperatures at
all stages of the process, of both air and
fabric, can be controlled. Automatic pH
and peroxide control has been developed
for use in processes such as pad-steam
dyeing with vat dyes.

All stages of the continuous dyeing
range are now capable of being
automatically monitored and controlled.
The ultimate is a totally computer-
controlled continuous dyeing line. Such
machinery developments are allowing
short runs to be handled effectively.
However, a reappraisal of some of the
traditional methods is also required.

Wastage

At the end of every dyeing of a short run
a full pad trough of dye liquor has to be
discarded, and liquor in the pipework
and residues in the stock tank contribute
to this amount. So it is important to keep

this discarded dye to a minimum, and
computer programimes are available for
this purpose.

Recent machinery developments have
enabled reduction of the trough volume
as a dyeing comes to an end. By linking
running speed automatically with fabric
passage a constant dwell time can be
maintained. Furthermore, by linking the
fabric speed with the output of the IR
dryers a constant moisture carryover to
the hot flue is maintained [3]. Design of
padding equipment to keep the trough
volume to a minimum is a key area of
continued research and development.

41 Simply keeping machinery
running and minimising
downtime will not in itself
yield successful results. Close
control of all the dyeing
parameters is necessary. ¥/

Process/product developments

Cellulosic fibre dyeing

The classical continuous dyeing process
route, originally developed for applying
vat dyes to cellulose for military wear,
was designed for long runs of standard
fabrics. Vat dyes are still a major feature of
the continuous dyer’s portfolio where the
high fastness to light, chlorine and severe
repeated washing is required. However,
the increase in woven leisurewear and
even fashion-related brightly coloured
workwear has led to an increase in the
use of other dye classes such as reactive
dyes. Initially these were simply
substituted into the existing pad-steam

route for vat dyes. However, the rapid
growth in short-lot dyeing has brought to
light shortcomings in these long pad-
steam methods. Problems with
reproducibility, laboratory-to-bulk
consistency and steamer variability have
all accelerated the search for shorter,
more reliable methods.
Tt has been stated by one major
international producer that ‘shorter
processing routes are the key to future
streamlining’ [4], and indeed the fewer
stages there are in a process, the easier it
is to control the critical parameters. With
its ranges of Procion reactive dyes on
100% cotton and combined Dispersol/
Procion dyes on polyester/cotton, Zeneca
has found that simple pad-dry-
thermofix techniques have provided the
opportunity to eliminate some of the
problems of dyeing short lots on long
continuous dyeing ranges.
Heat-fixing methods for applying
reactive dyes have been established for
many years, particularly in mills where
pad-steam equipment was unavailable or
the necessary expertise was not present.
Recently in certain countries, where
reactive dye usage has grown, many
traditional pad-steam users have begun
to utilise the pad—dry-thermofix
approach. The so-called pad-dry-bake
process (Figure 3) using Procion H or
Procion P dyes has been increasingly
adopted in many factories for dyeing
100% cotton. Compared with the full
pad-dry-chemical-pad-steam process, it
offers several advantages for short runs:
* lower machinery cost (pad-dry range
only)

* less chemicals (no chemical padding)

* easier wash-off (no salt to remove)

* less energy (no steamer)

+ better reproducibility (less stages to
control)

« rapid change easier (no chemical pad
or steamer to clean)

* laboratory-to-bulk transfer easier to
achieve.

Pad Predry Dry

Bake Wash
Pad liquor recipe
Procion H/P dyes xgh Lenetol WLF 125 (wetting agent) 19/
Urea 100-200 g/l Matexil PA-L liquid (anti-reduction agent) 10 g/l

Sodium carbonate 10-20 g/l

Figure 3 Pad-dry-bake process sequence
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Figure 5 RTN process {pad—dry-thermofix) for continuous dyeing of polyester/cotton with

disperse and reactive dyes

Whilst this process has proved itself to be
a solution for many dyers handling short
runs, there are limitations that have
required further development of the
process. One example is the use of ureain
the process.

The use of urea in textile processes has
come under scrutiny because it acts as a
nutrient for micro-organisms if present in
dyehouse effluent. Although the
contribution of urea from continuous
dyeing to environmental pollution has
not been quantified, there is a move in
some countries to restrict its use
wherever possible. Hence work has been
carried out to reduce and possibly
eliminate urea consumption in the pad-
dry-bake process. Results to date have
shown that urea usage can be reduced at
heavy depths of shade, from the usual
200 g/1 to 30-50 g/l when coupled with the
addition of 15 g/l Matexil EN-T (Zeneca)
(dicyandiamide).

Experiments have also shown that as
the temperature of fixation (baking) is
increased, the need for Matexil FN-T is
reduced. At temperatures of 165" C and
above the results obtained with the
reduced urea formulation are similar to
those at lower temperatures when
utilising 200 g/1 urea (Figure 4). Other

nen-chemical options to eliminate urea
totally are also being explored.

Polyester/cellulose dyeing

In polyester/cellulose dyeing heat fixation
processes, such as the RTN process
(Zeneca) have also continued to grow in
importance as a method for dyeing short
runs. The conventional methods of
complicated multistage processing with
an intermediate reduction clear are
decreasingly viable in achieving
economical production. The RTN process
(Figure 5) is well documented elsewhere
butis essentially a pad-dry-thermofix
method allied to the pad-dry-bake
process discussed above [5].

A major problem in shortening
processes to accommodate short runs is
that quality is sacrificed, in particular
fastness. So in all the developments
towards simplified and shortened
processing methods it is important to
maintain the highest quality results. Dyes
used, such as the disperse dyes for the
polyester component, must be capable of
the highest fastness level without
recourse to long clearing processes,
which previously were part of
continuous dyeing.

On polyester/cellulose blends the

requirement for reduction clearing the
disperse dye from the cotton before it is
dyed lengthens the process and is
inimical to dyeing short lots effectively. So
removal of this stage is very beneficial to
improving production in two-stage
processing. In one-stage processes such
as the RTN process it is not possible to
perform a reduction clear because of the
presence of reactive dyes on the fabric.
Therefore it is critical that dyes can be
cleared easily if detrimental effects on
fastness are to be avoided.

A recent development in this area has
been the introduction by Zeneca of its
new range of Dispersol XF dyes. These
are designed to meet the highest fastness
demands with the minimum of
processing. For the continuous dyer they
offer:
* high transfer to polyester
* alkali clearability (no reduction

clearing)
¢ highest levels of wash fastness
* suitability for one-stage processing

{(e.g. RTN process)

* minimum processing costs,

Conclusion

Machinery, process and dyestuff
developments have progressed to enable
efficient production of short lots on
continuous dyeing plant. For the future,
tendencies towards greater control and
consistency will continue. Short runs are
clearly here to stay and methods to
handle them will further develop. Itis
likely that new methods of dye
application will be introduced that do
away with the conventional and
relatively wasteful pad troughs of the
past.
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