Dyeing and finishing polyester/
cotton — the commercial approach

John Pashley

Fabrics woven from blends of polyester and cotton are used in
large quantities for a wide range of clothing purposes. It is
therefore vital that the most cost-effective finishing methods
are used on these fabrics. Here, John Pashley looks at finishing
techniques for polyester/cotton from a commercial angle.

Their performance aesthetics and
versatility make woven fabrics
composed of polyester/cotton blends
ideal for most apparel uses; hence, they
are produced in such volumes that they
rank as the major commodity fabric and
their price is dictated by commercial
factors rather than intrinsic worth.

The processing techniques chosen
must be those which are the most cost-
effective; extraneous factors that affect
the efficiency and cost of production
must also be considered.

Dedicated continuous production
with the optimum throughput of a
limited number of standardised qualities
is the preferred system. It can be argued
that versatility is needed to cope with
the vagaries of fashion and subjective
preference, but in commodity fabrics it
is not logical to accept a multiplicity of
variations within a fabric type whereby
the specialisation required causes each
lot to be an individual challenge.

The volume throughput is dictated by
the optimum utilisation of the balance of
machinery required to perform the
techniques selected. Experience
indicates that 30 million linear metres,
based on 7200 annual operating hours
would be appropriate.

A commercial strategy must therefore
be developed which confirms the
availability of the requisite volume
consistent with market specified price
and quality standards. It is essential
before capital commitment to ensure
that a market does exist, relative to the
processing costs that can be achieved.

However, it should be accepted that
the actual money paid is only a part of
the total cost. The interest charges on the
capital required to finance the fabric in
process and finished stock are a
significant factor. Techniques must
therefore be conducive to finishing times

being measured in hours rather than
weeks, and the achievement of this
virtually negates the requirement for
any finished stock holding.

The extent to which the efficiency of
the finisher is influenced by the practices
of the weaver is not usually recognised.
The objective must be to convince the
weaver that collaboration in accepting
practice changes, even though they may
increase his costs, can result in overall
benefit through often considerable
reductions in the cost of finishing.

Weavers appear to have peculiar
sizing recipes that originated through
experience and cost and are perpetuated
by custom and practice. The cost of size
removal is not normally considered,
although it can vary considerably
depending on the recipe used. A size
which is compatible with simplified
preparation techniques must be cost
advantageous to the finisher.

The ideal solution would be to use
water soluble size that the weaver can
wash off and reuse. This would have the
environmental benefit of effluent
reduction and financial benefit to the
finisher in effluent charges.

It is illogical that, when warp lengths
of thousands of metres are produced,
the resultant loomstate is cut into 100 m
lengths, only to be sewn together again
by the finishet. No doubt there is a good
historical reason relative to the speed of
the loom or the capabilities of manual
labour, but the speed of modern looms
and round-the-clock working minimise
the cost of stock holding on the loom,
and current handling techniques make
continuous piece lengths of 1000 or even
2000 m a practical proposition. Every
seam is a potential problem on account
of breakouts and impression marks.
Experience confirms that longer pieces
significantly reduce processing loss.
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Every warp and every loom produces
slightly different fabric, and these
differences can be accentuated by
dyeing and finishing. Therefore, a
greater degree of consistency can be
achieved by confining these differences
to fewer but longer pieces. Long rolled
pieces also obviate problems associated
with pressure-baled folded short pieces.
The resultant hard creases can have a
degree of permanence, whilst unbaling
and assembling the fabric for processing
is labour intensive and time consuming,
Bales are a hark back to the days of ship
holds and stevedores. Containerised
jumbo rells must be the answer.

Fabric widths and selvedges vary.
There is no reason why modern
weaving techniques cannot produce
selvedges completely suitable for
finishing, nor is there any reason why a
consistent width cannot be produced. If
finished at 160 cm instead of the
common 150 cm, the cost of the extra
width would be only marginally more
than the cost of the extra yarn, thus
significantly reducing the cost per
square metre of the finished fabric.

The application of these pre-
processing techniques relative to size
removal, piece lengths, handling and
width can have a quantifiable effect on
processing costs and improve the quality
of production. The processing of a
commodity fabric should use the
minimum number of continuous sub-
processes. Those for polyester cotton are
described below.

Singeing

The purpose of singeing is to give the
fabric a clean appearance and minimise
the propensity of polyester to pilling. To
make the surface fibres more accessible,
the fabric should first be desized,
washed off and dried. This involves a
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relatively high cost, but an acceptable
result can be obtained with a brushing,
beating and suction unit on the lead-in
to the singe. The action of singeing is to
pass the fabric through a bank of gas
burners, whereby the angle of contact
between flame and fabric, the height
and intensity of the flame and the speed
of passage are all controllable factors.
These determine the efficiency of the
process of fibre removal by ashing the
cotton and vaporising the polyester.

A totally clean polyester removal is not
always achieved, and a slight degree of
beading caused by melted polyester can
occur, Provided that the fabric is
continuously dyed, this does not
normally present problems.

Preparation

This is the removal of size, fats, waxes,
proteins, residual weaving oils, cotton
seed and bleaching of inherent colour
from the cotton content.

The aim is to produce a flat, crease-
free fabric which consistently complies
with predetermined specifications
relative to absorbency, pH, shade of
white and moisture content. The quality
of all subsequent processing is
dependent on the thoroughness and
consistency of the preparation .

The preferred method is to use a
continuous preparation range, and on
the basis that a compatible size has been
used, the first process is to give a caustic
scour by saturation with 60 g/l caustic
soda and detergent. This is followed by
15 min in a steamer where the
combination of heat energy and caustic
renders the impurities water soluble and
bursts the cotton seeds. The fabric is
cleansed and finally cooled in a series of
wash becks. The scoured fabric is then
immediately impregnated with
hydrogen peroxide, caustic soda,
sequestering agent and detergent
followed by 15 min in a second steamer
where the action of bleaching removes
any residual impurities and burst seed
from the cotton. It is then washed off in
a series of contra-flow wash becks, that
required for white being soured to give
the slightly acidic condition required for
finishing, and then cylinder dried.

An alternative process is initially to
‘causticise’ by saturation with 150 g/l
caustic soda which improves the
dyeability of the cotton content to the
extent that mercerising is not a necessity.

The preparation process merely
removes the surface impurities from the
polyester, which is not bleached by
hydrogen peroxide. The degree of
whiteness after preparation and the final
shade of white after finishing is
influenced by the coloration and iustre

of the polyester fibre. Benefit could
therefore be derived from cooperation
with the fibre producer to achieve
consistency and enhancement of
inherent coloration.

The polyester could, of course, be
bleached with sodium chlorite, but the
disadvantages, especially of an environ-
mental nature, preclude this process.

Mercerising
Most fabric for dyeing, and seme of the
cotton-rich blends for white, is
mercerised. It improves the dye uptake,
lustre, dimensional stability and to some
extent improves the appearance of the
fabric by improving the coverage of
dead cotton and removing nep.
Mercerising changes the crystalline
structure of cotton and swells and
unconvolutes the fibre. It does not
materially affect polyester. The process is
to pad through caustic soda, and after
complete saturation most of the caustic
is washed out by cascade washers whilst
the fabric is held under tension on a
stenter frame. It is then washed off in a
series of wash becks, acid soured and
cylinder dried.

Heat setting

It is imperative that minimal
dimensional change of the fabric should
occur during the high temperatures of
dyeing. Therefore the polyester content
is stabilised by heat treating in a stenter
oven, whereby the fabric is tensioned at
fabric temperatures greater than those to
which it will be subjected during dyeing.

Dyeing

There are three common dye routes: a
continuous pad range using solubilised
vat colours for light shades; stenter
dyeing of resin-bonded pigments,
usually for less critical usage; and
disperse vat or disperse reactive dyeing
on a continuous range.

Whilst on the basis of individual cost
the first two methods are prabably
cheaper, when the dye range has the
capacity to process the total dyed
percentage of throughput, machine
utilisation and overhead recovery
together with the benefits of
standardisation indicate that the
continuous range route is, in effect, the
most cost effective.

The technique of continuous disperse
reactive dyeing is to pad the prepared
fabric through a pH buffered aqueous
mixture of both dyes, together with a
wetting agent and migration inhibitor.
Sky rollers give time for added
penetration, after which banks of infra-
red heaters remove surface water and a
hot flue or heated rollers gently dry out
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the moisture within the fabric. The dye-
impregnated fabric then passes though a
thermasol unit where the degree of heat
applied results in combination between
the polyester and disperse dye. This
combination is then consolidated by
passage round cooling cylinders.

In the second stage of dyeing, the
fabric with fixed disperse colour and
impregnated reactive dye is padded
through a cold solution of caustic soda
and salt, and thence into a superheated
steamer. The action of the chemicals and
heat causes the reactive dye to combine
with the cotton. The dyed fabric is
soaped at the boil to level off, washed
through warm and cold water and
cylinder dried.

Disperse vat dyeing is similar in the
first stage, but the second pad trough
contains caustic — hydros and salt which
solubilises the vat dye allowing it to
penetrate the cotton. Passage through
the steamer enhances this penetration,
and surplus caustic and hydros are then
removed by cold water washes. The
penetrated dye is made insoluble again
and fixed within the cotton by treating
in a beck of hydrogen peroxide solution.
The process is again completed by
soaping at the boil to remove any surface
dye, followed by warm and cool water
washes and cylinder drying.

Mechanically, a continuous range is
basically simple, the crucial factors being
the efficiency and consistency of
impregnation by the dye pad, and a
design which gives accessibility for
thorough and rapid cleansing,.

Finishing

The finishing processes for polyester/
cotton demand a degree of diversity
relative to the end use of the fabric, but
even so a degree of ‘banded’
standardisation is practicable. Other
than silicone softeners and filling agents
of the PVA type, most finishing
chemicals such as melamine resin are
directed towards improving the crease
recovery, quick drying and stability of
the cotton content.

Ideally, finishing should be confined
to one stenter pass, although certain
weights of resinated fabric may require
additional heat curing in a baker.
Therefore the constituents of the
finishing “cocktail’ must have chemical
compatibility and individual tolerance to
standardised machine operating
conditions.

A further dimension is added to the
complexity of the finishing chemicals
when white is processed, for there must
be a mutuat tolerance between them and
the tints and fluorescent dyes. Obtaining
the required shade of white without



yellowing dictates the finishing
temperature parameters within which
all the other constituents must perform,
and to some extent dimensional stability
is sacrificed.

It is not easy, and is made even less so
by the subjective demand for a diversity
of shades of white. If a minimum
number of standardised shades of white
were accepted, then effort could be
concentrated on their consistency
which, together with the bonus of cost
saving, would amply compensate for the
perceived loss in variety.

Shrinking

On leaving the stenter or baker, the
fabric will normally have an excessively
firm handle, but should conform to all
performance criteria except washing
shrinkage. These are rectified by
longitudinal compression on a rubber
belt machine which also breaks down
the finish giving the characteristic soft
and ‘silky” handle.

This compression is to a degree which
compensates for the fabric’s potential
shrinkage (it balances the actual
washing shrinkage), and the fabric
dimensions remain approximately static.

Confrol

The actual processing is simple, and the
textile technologist need only determine
the optimum process route once.

Increased standardisation of most
factors of processing can be achieved by
the definition of process routes into
broad bands contrelled by the maximum
requirement factor, and by having speed
of throughput as a variable against other
constant conditions. The difficult part is
translating these into a computer
programme and installing the necessary
electronic controls.

It is a paradox that the knowledge of
the individual can detract from rather
than enhance the quality of production,
for to give discretionary powers on the
routine control of machine processing
increases the factor of variability. The
function of the operating technician is to
install a totality of control to every facet
of production. A single uncontrolled
function can negate the whole.

The automated control function
makes machine minders or operators (in
the accepted sense) largely superfluous,
and they can be replaced by a small team
of technicians who can oversee a whole
section of production rather than an
individual machine.

In practice, automatic control begins
with the angle, intensity of flame and
speed of singeing and follows through
to the chemical concentration, liquor
levels, flow rates, dwell times,

temperatures and degree of drying of
the preparation range. Mercerising
controls are critical in that caustic
temperature and concentration
influences dye yields, whilst
dimensional stability is subject to the
dimensions at which caustic is removed.
Washing temperatures and flow rates
must be monitored and contrelled, as
must the final pH and degree of drying.

Dyeing is classed as an art, being
based on the often considerable skills of
the dyer, but it is prodigal that these
skills should mostly be used to
compensate for the variable factors
which would otherwise detract from the
quality of dyeing.

The effective continuous dyeing
operation demands control and
consistency to a degree that is beyond
manual capability. A colour computer
must be used for dye selection and the
control of its preparation through a fully
automated colour kitchen. The
computer is also used as a shade library,
whereby its reading of a shade, rather
than a fabric pattern, is the basis for
colour matching, This gives an objective
decision, and obviates the surprisingly
high number of ‘off shades” due to
wrong or soiled standard patterns. It
also prevents the policy of ‘matching to
last” whereby, after a succession of repeat
dyeings, the shade bears scant
relationship to the original standard.

Again, because of the critical
relationship between shade achieved
and dyeing conditions, all influencing
functions within the dye range such as
temperature and temperature gradient,
chemical content and dosage, time and
speed must be electronically monitored,
controlied and recorded. The finishing
automatic chemical controls are needed
to maintain the integrity of the mixing
and application of the finishing cocktail.
Machine operating conditions and
mechanical functions such as overfeed,
speed and weft alignment need to be
pre-programmed and automatically
applied.

Quality standards

It used to be the belief of some finishers,
and in some cases perhaps still is, that
the correct quality standard is the lowest
you can get away with! Conversely,
certain customers state that if it is
achievable they want it. Reality is, of
course, a compromise and must be a
quality relative to fitness for purpose,
and which is consistently achieved.

It must be accepted that in dyeing
both colours and white, no control can
be absolute and some shade variation
will occur, but this can be batched by
computer into standard variations,
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Statistically controlling the frequency of
laboratory testing in finished fabric,
which should be reduced through using
long pieces, will curtail the not
inconsiderable cost of blanket testing,.

All fabric is normally given a final
inspection for visual faults. This is
extremely time consuming, labour
intensive and inefficient as no individual
can fully concentrate for more than a
short period, and a significant number
of faults are not recorded. Even detailed
fault recording systems are prone to
inaccuracy, subjectivity and commercial
pressure in assessing a fabric standard.

This begs the question of "Why
inspect?” for it does not improve the
quality of the fabric and is in itself an
admission of incompetence.

Weaving standards have improved to
such an extent that virtually fault-free
fabric can be produced. Finishing
controls and machine maintenance can
minimise processing faults. The degree
of fault eradication that can be achieved
by diverting a minor percentage of
annual cost of inspection into fault
prevention can make the inspection
function obsolete. The number of
companies which have developed from
seconds merchants is indicative of the
haemorrhaging effect of unachieved and
unrealistic quality standards. At the
most, only a token sample inspection
should be necessary and, in any case,
who pays attention to strung faults
except to reject a piece if it is in excess of
an arbitrary standard?

Bulk computer controlled laying up
and cutting of commodity fabrics
ignores faults whether strung or not
and, discounting those lost during
make-up, the incidence of garment
rejection is not likely to vary whether the
fabric is inspected or not. Another factor
is the actual loss on rejected garments,
but that is another subject!

The commercial techniques for
processing polyester/cotton commodity
fabrics can be summarised as:

* Develop a strategy whereby optimum
resource utilisation engenders a cost
base which attracts the requisite
volume

* Extend cost effective techniques to
pre-and post-processing

* Shift the emphasis from control by
the operator to control of the
operation.

John Pashley is an ex-managing
director with 40 years experience
in the production, finishing and

selling of textiles.
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