Finishing synthetic fibre fabrics

Andrew Fisher

Although they can be made from a wide range of fibres, the
techniques used for finishing different synthetic fabrics are
very similar. In this article, Andrew Fisher looks at some of the

most important ones.

Since the inception of the first truly
synthetic fibres, there have been many
developments in the field. The great
textile scientists (and no doubt some
lesser known ones too) attempted to
quantify and reproduce the properties of
natural fibres in a synthetic form. It was
envisaged that the resulting fabrics
would provide easy-care substitutes for
the natural fabrics used in everyday
clothing, Inevitably, this produced some
success and numerous failures. One less
successful product that springs to mind
is the much ridiculed nylon shirt. It did,
however, at the time take the world by
storm. It had easy-care properties that
had previously only been dreamed of,
being both exceedingly easy to wash and
relatively simple to dry and iron.
Comfort, however, soon took priority.
Would the washing-day blues be back?
Perhaps those of us who have to wash
and iron still say that they are here
today.

Many of the properties of synthetic
fibres have now been refined, and
comfort has become a property that
textile finishers engineer and redefine.
Not only are there synthetic substitutes
for natural fibre fabrics, but many
additional end uses have been
developed for which natural products
are not suited, an excellent example
being parachute fabrics. The
performance of the fabric has to be
critically engineered for many obvious
reasons.

The synthetic fabric offers something
additional in its end use. It gives a high
quality performance product, and
perhaps also keeps the more
domesticated buyers happy.

We can therefore see that a whole new
spectrum of end uses for synthetic
fabrics has developed. Consequently the
textile finishers have been required to
redesign, utilise and refine properties,
products and production techniques
that provide exactly the right qualities in
end use. These may include easily
measurable or tangible features such as

tensile properties, dimensional stability,
water repellence, air permeability, colour
fastness and so on. Intangible
characteristics such as handle, comfort,
aesthetics and appearance are extremely
difficult to quantify, but must also be of
paramount consideration if a finished
fabric is to be accepted by the final
purchaser.

The scope of fabrics and finishes is
wide, but it is generally accepted that a
particular finish or aspect of a finish is
imparted onto a fabric either by physical
or chemical means. In certain instances,
optimum properties can be achieved by
a combination of the two.

Physical techniques

There are a number of physical finishes

that can be applied to a synthetic fabric.
Emerising, sanding, peaching, sueding,

raising and brushing are common terms
that are often confused.

Emerising, sanding, peaching or sueding
These are different descriptions of the
same finish. The final effect resembles
that of suede or a peach skin, and is
produced by broken filaments which
create a soft nap or pile on the surface of
the fabric. The correct technical
terminology for this kind of effect is
emerising or sanding, so called because
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tightly woven or knitted structures are
passed over rotating, high-speed emery
cloth, or sandpaper-covered rollers. It
literally cuts or abrades the synthetic
filaments and consequently changes the
fabric surface and physical properties.
The typical arrangement of a modern
emerising machine is shown in Figure 1.

Careful consideration of fabric design
and construction is critical to ensure a
successful finish is achieved. Lower
linear density filament yarns such as
microfibres have more filaments
available for surface cover and will
inpart a softer handle. Process control of
this type of finishing technique is critical
but, unfortunately, difficult to facilitate.
An excessively coarse abradent could
cause physical damage to a cloth, while
one too fine could cause so much heat,
because of increased friction, that the
pelymeric filaments actually fuse
together. Prior to emerising, it is essential
that synthetic fibres are treated with
suitable lubricants and antistatic
treatments to assist the cutting action.
The abradents used are prone to rapid
wear, causing variations in surface effect.
It is common practice to shear off the
loose surface filaments to a uniform
length to overcome any inherent
variation caused by the process.

Colour variation also becomes
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increasingly problematic both to
measure and control with this type of
finish. Light is reflected in many
directions, often away from the viewer,
creating a substantially lighter or less full
shade. The necessity to increase the
amount of dye (in terms of % o.w.f) to
give fuller shades could also contribute
to inferior colour fastness, a common
disadvantage that is already attributed
to coloration of microfibres. This effect is
hence further exaggerated. Variation in
the surface effect caused by flattening of
nap or variation in nap length will also
show colour continuity variations.

The most common disadvantage of
any physical action on a fabric has to be
the subsequent reduction in fabric
tensile properties. This is particularly
true of this type of finish. If a high
percentage of a fabric’s filaments are
broken, severe loss in tensile strength
and extension will result. It is imperative
that tensile testing is practised in
accordance with BS 2576. This will
ensure that any specification
requirement can be checked and
assessed in a controlled manner.
Emerising substantially increases fabric
bulk, and this is balanced by a
consequential loss in fabric width,

Emerised synthetic fabrics are
developed into felts, velours and other
high bulk or surface effect type fabrics.
Emerising changes and softens fabric
handle and gives the fabric a greater
degree of warmth. Such fabrics are
commonly used in outdoor wear,
sportswear, fashion shirtings and
blouses and also high-performance
clothing such as breathable waterproofs.

Raising and brushing

Loop raising, unlike emerising or
sanding, does not in itself break
synthetic filaments, but the surface effect
created has very similar properties. With
continuous filament or staple fabrics,
numerous small loops are produced on
the fabric surface. This forms a coarser
nap than in an emerised fabric, or
alternatively a surface that may appear
as if it has been brushed. The effect is
achieved by teasing out individual
filaments or fibres from yarns so they
stand proud. Modern machines use
hooked card wires, often set in a base
cloth, which is then wrapped around
revolving cylinders. The raised effect is
created by a difference in velocity
between the cloth passing over the
cylinders. As the wire points embed
themselves into the fabric, the variation
in speed causes them to move laterally
inside the fabric, before withdrawing
with a small loop of fibre of filament.
The wire then moves away, leaving the

loop on the fabric surface. A further
development on raising is felting, where
the fibres are actually tucked back into
the fabric once withdrawn. The tuck
back occurs at a different point on the
surface of the cloth. This creates a tight,
random arrangement of fibre of filament
within the base structure.

Control of the raising process is
predominately associated with card wire
shape, angling and the number of
raising points per unit area (density).
Together with emerising, this type of
mechanical finish does not have a
measurable finish criterion, and test
methods to characterise surface effect
have rarely been successful. Wear and
tear on the equipment as the process
runs should again not be
underestimated. The judgement of
skilled specialists or experienced trained
machine operatives must be relied upon
if any type of consistent result is to be
achieved. The one benefit of raising is
perhaps that filament breakage does not
occur. It is true to say that tensile
strength can still be badly affected.

Friction calendering

Friction calendering may serve many
functions when used in conjunction
with synthetic fabrics. The calendering
process involves passing open-width
cloth between a series or a single pair of
hydraulic cylinders. These press the
fabric with controlled force, rather like
an old-fashioned mangle. The cylinders
either act as heating or cooling rollers,
depending on the property
requirements of the final fabric. A pair of
cylinders may rotate at exactly the same
speed, or the speeds may vary.
Effectively, this causes the calender bowl
to skid over the fabric’s surface.

The finished result considerably
changes the handle of a given fabric
substrate, and has the effect of flattening
the fabric by filling its interstices with
crimp. The crimp would otherwise serve
to make the fabric thicker and more
bulky. Where calender bowl speeds are
offset slightly, a surface with a glaze or
gloss can be created; this is utilised in the
end products.

Down and feather resistant fabrics use
calendering as one of the main processes
to create resistance to penetration. Many
leading polyamide casing materials, one
of which is traded under the name
Pertex, use extremely precise and
rigorous calendering conditions in order
to control the process. This ensures that
exact fabric characteristics are repeatedly
reproduced. The characteristic finish
produced is a soft, inherently down-
resistant fabric that retains breathability,
and in the case of Pertex is extremely
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lightweight with a high strength to
weight ratio. These properties can be
refined on the friction calender by
varying the pressure, the calender
bowl’s temperature and speed settings,
fabric tension and the moisture content
of the substrate.

Lightweight polyamide and polyester
fabrics such as Pertex benefit in other
ways from the subsequent effects of
calendering. The size of the interstices
can be altered, and reduced interstice
size will enable an almost impermeable
fabric to be produced. In the case of
outdoor fabrics, this increases the
resistance to wind and water, whilst
retaining the high degree of
breathability required. The main
problem associated with calendering is
its effect on fabric shade, and it is
essential that this is taken into account in
any finishing process. In my own
experience, the effect created changes
the shade on lightweight polyester and
polyamide fabric by between 1.0 and 2.0
AE on the M&S 83 colour equation. The
colour change is predominately a
reduction in fullness or shade depth,
with a tendency to reduce brightness or
flatten the shade slightly. Other
problems that arise during calendering
may be associated with lack of process
control. These problems can, however,
include sublimation of disperse dyes on
polyester. This again causes shade
change or a reduction in fastness by
bringing colorant to the surface of the
fibre. Tendering or degradation of textile
can also occur where heat is not
controlled properly. This will cause a
severe reduction in fabric tensile
properties, and also affect handle.

A similar process to calendering is
embossing, which is mainly used as an
aesthetic surface effect; a pattern is
pressed onto the surface of a fabric from
hot rollers.

Chemical finishing techniques
Chemical finishing techniques include
softeners, water repellents and antisoils,
resins, heat-setting and flame-retardant
finishes. These types of finish are
commonly applied as aqueous solutions
from padding rollers, directly from a
bath of water, solvent, or foam.
Alternatively, techniques such as
spraying or coating over chosen surfaces
are practised.

Within each group, a wide variety of
products and application techniques are
available.

Softeners

Softeners act on textile materials by
coating them with low friction
compounds. This has the effect of



making the surface of the individuai
fibres or filaments smoother. This
subsequently ensures that the fabric
feels considerably softer with an
improved handle, Softeners are mainly
anionic or cationic compounds, many
being based around silicone. Silicones
are relatively inert and as such cause
problems with regard to staining and
dissolution, should the conditions allow
precipitation out. In view of this, non-
silicone softeners are now also widely
available and commonly used.

Softeners are applied from an aqueous
bath by exhaustion onto the textile or via
a suitable pad-mangle arrangement.
They are applied to an extensive range
of materials, but repeated washing will
to some degree diminish the effect of an
artificially softened fabric. The benefits
of having a fabric that has inherently
good fabric handle characteristics is not
to be underestimated.

Water-repellent and anti-soil finish
Water-repellent finishes, as opposed to
waterproof coatings, are normally
applied as aqueous solutions. These are
either padded on prior to drying, or
applied to synthetic fabrics from a
dyeing machine, such as a jig, once the
dyeing process has ended. As well as the
need to dry the fabric once applied, in
some instances the finish must be cured.
The products can then chemically bond
or crosslink with the desired textile. This
can be achieved in open-width by
steaming, but perhaps more commonly
under tension on a hot air stenter. These
types of water-repellent finishes are
effective due to reduction in the surface
tension of the fabric in comparison to
water.

The finish should remain permanent
and resist washing and general weatr
and tear. Standard wash testing is
therefore practised in accordance with
the requirements of BS 4923, and water
repellency assessed in accordance with
BS 3702. Fluorocarbon type products,
such as those marketed as Teflon and
Scotchgard, are commonly used as both
water-repellent and also anti-soil textile
treatments.

A problem which may occur once a
permanent water-resistant finish is
applied is that the textile cannot be
rewetted to facilitate further wet
processing. Fluorochemicals are often
very difficult to remove once properly
applied, should the need arise.
Fluorochemicals can also have a slight
shading effects, sometimes making
colours look a trace yellower after
application.

Waterproof properties are normally
given to synthetics by the application of
coatings. Recent developments in this
field include breathable types based on
polyurethane, one such recent
development being Aquabloc. A more
familiar name, Goretex, uses coatings
and laminates based on
polytetrafluorcethylene or PTFE.
Waterproof characteristics can be
measured by the hydrostatic head test
BS Coating,. This is a specialist area and
has grown as an industry within its own
right,

Flame retardancy

Flame retardancy of synthetic textiles is
commonly induced during extrusion of
the polymer, particularly in the case of
polyester. A very small number of flame-
retardant finishes are available for
synthetics, This type of product is
primarily designed for use on cellulosic
and protein fibres. The main drawback
in the vast array of synthetic polymers
available is the tendency to melt when
extreme heat is generated. One of the
questions that designers must answer in
view of this is, are man made polymeric
materials really suitable in flame-
retardant clothing?

Resin

Resin applications are commonly used
on synthetic materials. The main
benefits of such compounds are the
improved levels of shrinkage, crease
recovery and stiffness that can be
generated. In improving these
properties, other factors such as
resistance to abrasion, tear strength and
handle can suffer to an undesirable
degree, and the colour can also be
yellowed. The crease-resistant finish
improves the stiffness of the synthetic
material by crosslinking the amorphous
regions of the polymer. Such treatments
as melamine resin are commonly
padded on to fabrics from an agueous
solution before being steamed or dried
under tension. The drying part of the
process is critical. It is essential that the
resin is cured onto the fabric at the
manufacturer’s recommended
temperature to facilitate the cross linking
process. It is also necessary to monitor
the amount of resin a fabric will pick up
carefully . Common levels of pick-up
range between 0.1 and 8% o.w.f.

Heat setting

Perhaps the most effective way of giving
a fabric dimensional stability is to heat
set it. This process causes a chemical
change in the molecuiar structure of the
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polymer. In view of this, it should

perhaps be classified as a chemical effect

rather than a physical one. The principal

of heat setting is well known:

1. Heat the fibre up to the required
temperature

2. Hold the fabric so as it can not shrink

3. Cool rapidly to maintain the new
dimensional characteristics of the
polymer’s molecular structure.

The obvious method of heat setting
polymeric materials is in a hot air
stenter; alternatively, steam is used. This
is at least as effective, The chemistry of
heat setting can be explained fairly
simply. The forces which hold polymer
chains in position do so over very short
distances. When polymers are stretched
or drawn after extrusion, the forces
become strained. Heating the polymer to
a point where the chains are broken
reduces the internal stresses within the
polymer. The new bonds are then
reformed on cooling, with less internal
strains/stresses and therefore less
tendency to shrink. Provided the heat
setting temperature is not exceeded
again, the degree of shrinkage should be
relatively slight.

Conclusion

The most common mechanical and
chemical finishes have been summarised
in this paper. It is rare that any one
process will be used in isolation. A
compatible combination of processing
sequences and chemical cocktails are
frequently used to obtain a consumer-
friendly product. Total customer
satisfaction must be the ultimate aim
during the development and evolution
of finishing process sequences. Process
controls must be maintained in order to
guarantee the consistent quality levels
required. Comparisons with standard
specifications must also be carried out on
a continuous basis, using recognised
testing methods and procedures. Only
by anticipating and meeting the needs of
tomorrow’s customer today will the
industry continue to develop and move
onward into an exciting and
technologically oriented future.
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