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Introduction:
In this article, we will deal with the chemistry of coatings and their application to various coated technical textiles that ate in use. It will leave the reader to make use of the many excellent reviews, which are referenced
in this article, for details of individual items.
Chemistry of en a ted textiles
Coatings used in the production of technical textiles are largely limited to those products that can he
produced in the form of a viscous liquid, which can be spread on the surface of a substrate.
This process is followed by a drying or curing process, which hardens the coating so that a non-blocking
product is produced. Thus the coatings for these products are limited to linear polymers, which can be
coated as a polymer melt or solution and on cooling form a solid film or form a solid film by evaporation of
the solvent.
There are some types of coatings that can he applied in the liquid form and then chemically crosslinked to
form a solid film.
The coatings used in technical textiles are all thermoplastic polymers, which are long chain linear molecules,
some of which have the ability to crosslink.
The properties of these polymeric materials directly influence the durability and performance of the end
product. Therefore, some description of these materials is necessary.
Polyvinyl chloride (PVC)
This polymer is manufactured from the free
radical polymerisation of vinyl chloride as shown
in Fig.1.
The polymer is a hard rigid solid, which if it is to
be used as a coating material for technical textiles
needs to he changed to a soft flexible film. This is
possible because of a remarkable property of
PVC, the ability of the powdered polymer to absorb large quantities of non-volatile organic liquids.
These liquids are known as plasticisers and a typical plasticker for PVC is cyclohexylisooctylphthalate. Tlie
polymer can absorb its own weight of this plasticiser. However, when the powdered polymer and plasticiser
are first mixed, a stable paste is formed which is easily spreadable onto a textile surface. The paste of PVC
and plasticiser, known as a plastisol, consists of the partially swollen particles of PVC suspended in
plasticiser.
When this mixture is heated to 120°C complete solution of the plasticiser and polymer occurs, which on
cooling gives a tough non-blocking film. The flexibility of this film can he varied by the amount of plasticiser
added. However, for most uses plasticiser contents of up to 511 % are most common. Plasticised pve forms
a clear film, which shows good abrasion resistance and low permeability. The film may he pigmented or filled
with flame-retardant chemicals to produce coloured products ot low flammability. The coatings are resistant
to acids and alkalis hut organic solvents can extract the plasticiser, making the coatings more rigid and
prone to cracking.
One great advantage of a polymer with an asymmetric chlorine atom is its large dipole and high dielectric
strength. This means that the coated product may be joined together by both radiofrequency and dielectric
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weldings techniques. This factor combined with its low price make it ideal for protective sheetings such as
tarpaulins, where the low permeability and good weathering properties make it a very cost effective product.
Polyvinylidene chloride (PVDC)
PVDC is very similar to PVC. As in the case of PVC it is made by the emulsion polymerisation of vinylidene
chloride, as illustrated in Fig. 2.
The resulting polymer forms a film of low gas permeability to gases, however, the polymer is more expensive
than PVC and therefore only tends to be used where flame resistance is required. As may be seen from the
formula, PVDC contains twice the amount of chlorine as PVC and this extra chlorine is used in flameresistant coatings. When a flame heats these materials the polymer produces chlorine radicals which act as
free radical traps, thus helping to snuff out the flame.
Polytetrafluoroethylene (PTFE)
PTFE is perhaps the most exotic of the polymers which
occur in coated textiles. It is manufactured by the addition polymerisation of tetrafluoroethylene (Fig. 3).
Since its discovery by Du Pont in 1941, PTFE has found
many uses in coating particularly in the protection of
fabrics from the harmful effects of sunlight.
One remarkable feature of the polymer is its very low
surface energy, which me ana that the surface cannot
be wetted by either water or oil. Textile surfaces treated
with this polymer are both water repellent as well as oil
repellent.
Hence PTFE is found on diverse substrates which range from conveyer belts used in food manufacture to
carpets where stain resistance is required. In addition the polymer shows excellent thermal stability and may
he used up to a temperature of 250°C. It is resistant to most solvents and chemicals, although it may he
etched by the use of strong oxidising acids; this latter fact may be used to promote adhesion. In many ways
PTFE could be regarded as an ideal polymer, the main drawback to its use being its very high cost
compared to the other coating materials.
In order to reduce the cost of fluoropolymers several less expensive compounds have been produced, such
as polyvinyl fluoride (PVF) and polyvinylidene fluoride (PVDF), which are analogous to the corresponding
PVC and PVDC. However, while these materials are similar to PTFE they are slightly inferior in terms of
resistance to weathering.
Rubber
Natural rubber is a linear polymer of polyisoprene, found in the sap of many plants, although the main
source is the tree Hevea brasiliensis. Rubber occurs as an emulsion, which may be used directly for coating,
or the polymer may be coagulated and mixed at moderate temperatures with appropriate fillers. The formula,
see Fig. 4, shows that the natural polymer contains unsaturated double bonds along the polymer chain.

The double bonds may be crosslinked with sulphur, a
process known as vulcanisation which can give tough
abrasion-resistant films or hard ebony like structures.
The flexibility of the rubber may be adjusted by the
amount of crosslinking which takes place. However,
one advantage of this process is that the rubber can be
mixed at high rates of shear with the appropriate
compounding ingredients and spread onto tile, after which the coated textile is heated to vulcanise the
rubber compound. These principles are in the production of tyres and be where the excellent abrasion
resistance of natural rubber makes it the material of choice.
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Unfortunately, the presence of a d bond makes the polymer susceptible to oxidation. In addition, the polymer
swells in organic solvents although is unaffected by water and dilute acids and alkalis. Natural rubber more
sensitive to both oxygen ozone attack than the other synthetic materials which are described i next section.
SBR is made by the emulsion polymerisation of styrene
and butadiene as illustrated in Fig. 5.
The formula illustrated implies a regular copolymer but this
is not the case and SBR is a random copolymer. The
compounding and application techniques are very similar
to those for natural rubber although the material is not as
resilient as natural rubber and also has a greater heat
build-up, which make SBR inferior to natural rubber in
tyres. In the case of coated fabrics, the superior
weathelability and ozone resistance of SBR, combined
with the ease of processing, make this the product of
choice. It is estimated that 50% of all rubber used is SBR.

Nitrile rubber
Nitrile rubbers are copolymers of acrylonitrile and butadiene
shown in Fig. 6.
These materials are used primarily for their excellent oil
resistance, which varies with the percentage acrylonitrile
present in the copolymer and show good tensile strength and
abrasion resistance after immersion in oil or petrol. They are
not suitable for car tyres but are extensively used in the
construction of flexible fuel tanks and fuel hoses.
Butyl rubbers
Butyl rubbers are copolymers of isobutylene with a small
amount of isoprene to make the copolymer vulcanisable or
crosslinked as illustrated in Fig, 7. Because of the low amount
of isoprene in the structure, the vulcanised structure contains
little unsaturation in the backbone and consequently the rate of
oxidation or oxygen absorption is less than that of other
elastomers except for the silicones and fluorocarbons. When an
elastomer contains double bonds, oxidation leads to
crosslinking and embrittlenient, whereas in butyl rubbers
oxidation occurs at the tertiary carbon atom which leads to
chain scission and softening.
Further, the close packing of the hydrocarbon chains leads to a
structure which is impermeable to gases and its main use is in
tyre tubes and inflatable boats.
Polychloroprene (Neoprene)
Neoprene rubber was first developed in the United States as a
substitute for natural rubber, which it can replace for most
applications. It is made during the emulsion polymerisation of 2chlorobutadiene as illustrated in Fig, 8.
Neoprene rubbers can he vulcanised and show tensile properties
similar to natural rubber, however, they are perhaps most widely
used for their excellent oil resistance. Weathering and ozone
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resistance is good and the polymer finds its main end-uses in the production of belts and hoses. The neoprene latex can also be used in dipping and coating.
Chlorosulphonited polyethylene (Hypalon)
Treatment of polyethylene with a mixture of chlorine and sulphur dioxide in solution yields a product in which
some of the hydrogen atoms in the polyethylene are replaced by chlorine and some by the sulphonyl
chloride groups (-S02CI), The resulting polymer can he crosslinked via the sulphonyl chloride by the use of
metal oxides. Typically the polymer will contain about one sulphur atom for every 90 carbon atoms in the
polyethylene chain and about 25% by weight of chlorine.
These products show good resistance to weathering and have excellent ozone resistance, but they do have
low elongation. Their main uses in coating are where flame resistance is required; here the synergism
between sulphur and chlorine promotes flame retardancy.
Silicone rubbers
Silicone rubbers are polymers which contain the siloxane link Si-O-Si and are formed by the condensation of
the appropriate silanol which is formed from the halide or alkoxy intermediate; the final condensation then
takes place by the elimination shown in Fig. 9.

The groups R1 and R2 are normally inert groups such as methyl, but they may include a vinyl group and
therefore are capable of crosslinking. It is also normal to till these polymers with finely divided silica, which
acts as a reinforcing filler.
These polymers show outstanding low temperature flexibility and can be used at temperatures as low as 80°C, while they retain their properties up to 250°C. They also show good resistance to weathering and
oxidation. Unfortunately their price is high.
Polyurethanes
Polyurethanes are made by the reaction of a diisocyanate with a diol as shown in Fig. 10.

The particular discyanate shown is 2, 4toluene
diisocyanate and the diol is pentane diol but any of the
analogues may be used, Polyurethanes used for coating
textiles are not quite as simple as the one illustrated and
the materials are frequently supplied as an isocyanatetipped pre polymer and a low molecular weight hydroxy 1tipped polyester, poly ether or polyainide. The two
materials will react at room temperature although this is
often accelerated by raising the temperature. The only
drawback to this system is that once the components are
mixed, crosslink ing starts immediately and so the pot life
of the system is limited. Stable prepolyiners which contain
a blocked diisocyanate usually as a bisulphite adduct are
now available.
These blocked isocyanates will not react at room
temperature, but will react at elevated temperatures in the
presence of organotin catalysts. Poly in ethane coatings
show outstanding resistance to abrasion combined with good resistance to water and solvents, in addition
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they offer good flexibility. The chemistry of the diol can be varied considerably so as to convey water vapour
permeability to the coating. Coatings made from polvurethanes do have a tendency to yellow on exposure to
sunlight and they are therefore normally pigmented in use.
Coating techniques
The original methods of coating were largely based on various impregnating techniques based on an
impregnating trough followed by a pair of squeeze rollers to ensure a constant pick-up. The material was
then air dried at constant width, usually on a stenter, and rolled. However, when the coating was required on
one side of the fabric then total immersion of the fabric in the coating liquor was not possible and other
techniques had to be developed.
Lick roll
In this method the fabric was passed over the coating
roll which was rotated in a trough of the coating liquor as
shown in Fig. 11.
There were several variations on this theme, which were
developed to ensure a more· even application of the
coating by metering the coating onto the fabric. This was
done by two main approaches, the fust of which was to
use a second roll on the primary coating roll, which
picked up a fixed amount.
The second was to use a doctor blade on the primary
roll, so that again only a fixed amount of liquor was
transferred to the fabric. These are also illustrated in
Fig. 12.
The main disadvantage of these systems was that the amount of coating on the fabric was dependent on the
surface tension and viscosity of the coating fluid and
also the surface condition of the fabric. To overcome
this problem knife coating was developed, which
functions in basically the same way that butter is
spread on toast.
Knife coating
In this method the coating fluid is applied directly to
the textile fabric and spread in a uniform manner by
means of a lixed knife. The thickness of the coating is
controlled by the gap between the bottom of the knife
and the top of the fabric.
The way in which this gap is controlled determines
the type of machinery used. The following are the
main techniques used:
•
•
•
•

knife on air
knife over table
knife over roller
knife over rubber blanket.

In the first of these the spreading blade is placed in
direct contact with the fabric under tension and the
coating compound is thus forced into the fabric. This
is shown in Fig. 13.
The main advantage of this technique is that any
irregularities in the fabric do not affect the running of
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the machine. However, this is not the case with the knife over table or knife over roll methods (Fig. 14), for
although the coating thickness can he accurately controlled, any fabric faults or joints in the fabric are likely
to jam under the blade causing fabric breakage.
The problem of metering an accurate amount of coating onto the substrate was finally solved by the use of a
flexible rubber blanket, which gives a controlled gap for the coating compound and yet is sufficiently flexible
to allow cloth imperfections or sewing to pass underneath the blade without getting trapped and causing
breakouts. This is shown in Fig.15.
Air knife coating
In discussing knife coating, mention must also he made of the air knife as a method of removal of the excess
coating fluid. In this technique a blast of air is
used to blow off the excess coating fluid. The
viscosity of the fluid is much lower than in the
case of conventional knife doctoring and the
coating applied follows the profile of the
substrate to which it is being applied.
The technique is more frequently used in the
paper industry, where it is used to coat
photographic paper, rather than the textile
industry.

Graving coating
The use of a gravure roller in coating was
developed from the printing industry, where it
was used to print designs. The technique involves the use of a solid roller, the surface of which has been
engraved with a closely packed series of small hemispherical depressions.
These act as metering devices for the coating fluid, which tills the hemispheres with coating fluid from reservoirs of the fluid. The excess fluid is scraped from the roll with a doctor blade, leaving the depressions with
an exact amount of fluid in each.
This is then transferred to the substrate to be coated.
The quantity 'of fluid transferred depends on the volume of engraved
depressions 'and the packing on the surface of the roll. However this
technique is perhaps the most accurate, in terms of the applied
coating weight, of all the techniques discussed.
The greatest drawback to this technique is that for a fixed depth of engraving a fixed coating weight is obtained. Thus if a different coating
weight is required then a new engraved roll has to he produced.
Further, unless the viscosity characteristics of the coating fluid are
controlled, the pattern of the printed dot can be seen on the coated
substrate. What is required is a printing fluid that will flow and form a
flat surface in the drying process. This formation of a flat coating can
be greatly improved by the use of offset gravure printing. Here the
fluid is printed onto a rubber roller before being transferred onto the
substrate.
Rotary screen coating
This technique is similar to the rotary screen printing process that is used to apply coloured patterns to
fabric. The applicator is a cylindrical nickel screen, which has a large number of perforated holes. The
coating compound is fed into the centre of the screen, from whence it is forced through the holes by either a
doctor blade or a circular metal rod.
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The coating weight can be controlled by the number of holes per unit area and the coating weights are very
precise. However, the coatings have a dot configuration and to obtain a continuous coating a wiper blade
that spreads the dots into a continuous coat must be used.
The two companies associated with this type of coating are Stork Brabant BV, whose system uses a metal
doctor blade, and Zirnmer, whose system uses the circular metal rod.
Hot melt coating
In this technique the coating materials must he thermoplastic, so that they melt when heated and in this
condition are capable of being spread onto a textile substrate.
Thus, in some respects they are similar to paste coating. However, the big difference from paste coating is
that the thermoplastic coating has ,no solvents to evaporate and no water that has to be evaporated, giving
the process both economic and ecological advantages. The molten polymer is usually calendared directly
onto the textile or in some cases extruded directly from a slotted die. This is followed by contact with a
polished chill roller, if a smooth surface is required 011 the coating or a patterned roll if a patterned effect is
required.
One further process, the use of powdered polymers as a coating medium, needs to be mentioned in the
area of hot-melt coating. In this technique the powdered polymer is sprinkled onto the substrate, followed by
heating with radiant heaters to melt the thermoplastic,The coating is then compacted and rendered
continuous by a compaction calender. The main materials used in this are polyethylenes and nylon and
these are now being applied in the production of carpets for car interiors, where because of the mouldability
of the thermoplastic, a complete car carpet may be pressed out in one operation
Transfer coating
The final coating technique to be described section is transfer coating this the coating material is performed
continuous sheet which laminated to the substrate either by application of heat or by the use of adhesive
known as a tie coat. The advantage of this technique over the others is that the coating film he made
completely free of holes defects before it is applied to the fabric. In general, transfer coating will give the
softest coating of all coating techniques in terms of fabric handle and furthermore there is no possibility of
the coating bleeding through onto the face of the coated fabric.
Fusible interlinings
Introduction
Fusible interlinings represent an important field in technical textiles and as such deserve a sp!3cial mention.
A fusible interlining is a fabric that has been coated with an adhesive coating, which under the influence of
heat and pressure will melt and form a bond with any other fabric that is pressed against it.
The basic function of a fusible interlining is to control and reinforce the fabric to which it is fused. It does this
by giving a degree of stiffness to the fabric by increasing the apparent thickness of the fabric, causing the
flexural modulus of the fabric to increase proportionally to the cube power of that thickness. Thus a relatively
small increase in thickness will produce a relatively large increase in the stiffness of the laminate.
History
The use of stiffening materials in clothing has been known for many thousands of years. From the tomb
drawings in Egypt, for example, we can see how these materials were used to accentuate the rank or social
status of the wearer. The Elizabethans used both linen and woven animal hair to reinforce and stiffen the
elaborate clothing of the court ladies and gentlemen.
This material had to be laboriously sewn into the garments by hand but as long as labour was cheap and
servants in plentiful supply, it did not present any problem to the upper classes of the time.The cost of producing these hand made garments was, of course, beyond the reach of any but the moneyed classes and it
was not until the development of mechanised methods of garment production and the use of fusible interlinings that it became possible for the man or woman in the street to be able to afford a suit, which carried both
elegance and style. Thus it became no longer possible to tell a gentleman by the cut of his jacket.
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Development of adhesives
The first synthetic resin to be developed for clothing applications is usually attributed to Alexander Parkes
who at the Great Exhibition of 1862 introduced a nitrocellulose plasticized with camphor,which lie called
,wilth all due modesty ,Parkesine.
This material was a thermoplastic and could thus be moulded by heat and pressure.
It was also found that the material was unaffected by water and it was used in the Victorian era for the
manufacture of cheap collars and cuffs. Eventually it was given the name 'celluloid' and its use was
extended into many areas. It was, for example, the original material on which the early moving pictures were
shot. Unfortunately, celluloid had one major disadvantage, it was highly flammable and burned with an
almost explosive violence. This prompted the search for a less flammable alternative to celluloid
The beginning of the 20th century saw the development of another thermoplastic resin from cellulose,
cellulose acetate, Benjamin Liebowitz in the USA developed the use of this material in fusible interlinings.
He developed a fabric that consisted of both cotton and cellulose acetate woven together.
It could he softened by acetone, which produced a very sticky fabric that was used to reinforce the collar of a
man s shirt .The Tmbenised Process Corporation exploited this invention producing the Turbuninsed semi stiff collar which was washable. Because the cellululose acetate adhesive did not form a continuos glue line
in the collar ,the collar remained permeable and hence very comfortable to wear.The result was that many
millions of men’s shirts with Trubenised collars were made in the thirty years from 1930 onwards.
The first of these was obtained by plasticisation of polyvinyl acetate, positioning of the adhesive dot, so that
which was applied to the fabric in the handle of the fused product could form of a knife coating by an
emulsion of plasticised PVA.After the material was dried the coated fabric was wrapped in a release paper
for use.The fused products were stiff and were used in the preparation of fabric be its for ladies dresses and
suits ; this is still their main use.
However, the continuously coated fabrics used as fusibles produced laminates that were rather too stiff for
normal clothing use. The use of these materials would have remained in the special belting product, had it
not been for the development of the powdered adhesive, for when this was used as a fusible interlining, the
resultant stiffness of the laminate could he controlled by the particle size of the adhesive powder and by the
amount of powder in the glue line of the laminate.
The powder had to be applied to the interlining in an even manner and much thought went into development
of machinery to ensure that this was so. The main resins used for these coatings are shown in Table 1.
However, the most recent development has been the introduction of a reactive adhesive resin. This material
melts when heated and then undergoes crosslinking, thus producing a very stable bond.
The initial coatings produced were known as sinter or scatter coatings.

New coating techniques were then developed and refined by more precise positioning of the adhesive dot,so
that the handle of the fused product could be more accurately controlled.
This led to the printing of the adhesives in dot form which can be done either by a paste print through a
mesh screen, or by the use of a gravure roller.
All these interlinings are fused by the application of heat and pressure in an electrically heated press,which
has developed from the original flat bed system of heated platens to the continuous roller bed presses of the
present day .
Laminating
No discussion on interlinings would be complete without mention of laminating, as this is the ultimate use of
these materials. In general, textile laminates are produced by the combination of two or more fabrics using a
suitable adhesive.
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The hot-melt adhesive is environmentally friendly, requires less heat and is now preferred over the more
conventional solvent-based adhesives.
Flame bonding using a thin layer of polyurethane foam is still being used in some applications, where the
bulky appearance of the final product is required by the market.
Table 1 : Typical coating resins

Low density polyethylene
High density polyethylene
PVA/Novolac
PVC/plasticized
Polyamide
Polyester
Reactive

Dryclean performance

Wash performance

Poor
Very good
Fair
Good
Very good
Very good
Very good

Very good
Very good
Fair
Good
Good
Very good
Very good

However, strict legislation concerning the gaseous effluent from this process has most manufacturers
searching for alternatives that are more environmentally acceptable. It seems likely that hot inert adhesives
will replace most of the other adhesive techniques, either on energy grounds, on environmental grounds.
The other driving force behind this change is the continued development of the hot-melt adhesives that are
available to the manufacturer, which produce laminates at a higher speed, or more permanently bonded
laminates.
An interesting development is the improved efficiency of the process, for example, was the development of
Xironet. This is a lightweight net of fusible adhesive, which when sandwiched between two fabrics can
effectively' laminate the fabrics together by the application of heat and pressure from a heated calender.
To improve the permanence of the adhesive bond, and as mentioned above, a hot-melt adhesive has been
developed that will crosslink after the adhesive bond has been formed.
These materials will melt at 130°C and form an adhesive bond and on further heating will crosslink to give
an adhesive that is relatively inert.
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