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INTRODUCTION

The special issue of the Society's Journalin 1934 clearly
indicated the profound changes in the attitudes to textile
finishing. Even at that time interest in the chemical
reactivity of cellulose and wool keratin was growing and
over the years this branch of chemistry has played an
important role in the development of the finishing indus-
try. The relevance of chemical studies became more
evident with the advances in polymer chemistry, the
synthesis of new and reactive compounds and the
spectacular growth of the man-made fibres industry.
These changes resulted in textile finishing being
regarded by many investigators and practitioners as a
science-based technology and important developments
have been the outcome of this new approach. At the
same time great improvements were made in textile
finishing machines. New mechanical processes were
evolved and control devices increased in scope and
effectiveness. Although the success of commercial fin-
ishing still owes a great deal to the skill of practical
finishers, the demands made on them have altered.
Greater responsibilities have accompanied the substan-
tial increase in production rates and in the sophistication
of finishing processes. The changed attitudes of pur-
chasers of textile materials have been equally important.
Increasing emphasis has been laid on quality standards
and ‘value for money’. Quality has been defined more
precisely and as a result of thorough investigations, often
initiated and sponsored by professional bodies such as
the Society of Dyers and Colourists and the Textile
Institute, sound test methods have been developed,
thereby making specifications for finished goods more
meaningful. [t would be ungenerous not to recognise the
quality and beauty of textiles of earlier times, but the
contributions made by technologists, scientists and
engineers of today should not be minimised. Never
before has such a wide range of acceptable goods been
available to such a high proportion of the population at
prices that the people are willing to pay.

A major influence on finishing practice has been the
growth of the man-made fibre industry and the conse-
guent introduction of fabrics with new properties. The
manufacture of 100% man-made fibre fabrics from both
continuous filament (c.f.) and staple yarns presented
new problems for the finisher, as did the wide range of
fabrics made from blends of natural and man-made
fibres. The substantial growth in the knitting and non-
woven sectors of the industry also gave rise to new
demands and many of the special challenges that arose
in handling these materials have been met effectively.

It has become clear that the cost of finishing must be
kept as low as possible and this has led to an emphasis
on continuous finishing and process control. Great
strides have been made in this aspect of finishing and
even in woaol finishing, which was traditionally based on
batch processing, there is growing interest in continuous

open-width sequences. The greatest cost in finishing is,
of course, that of labour and serious efforts have been
directed towards reducing this. Advances in chemical
technology and improvements in machinery have done a
great deal to make appreciable reductions but much still
remains to be done.

Recognition that several of the problems in finishing
are common to all branches of the industry has resulted
in a breakdown of some of the traditional divisions and
the transfer of ideas from one branch to another has
proved most beneficial.

It is not possible in a short paper to deal adequately
with all the important advances of the past 50 years. A
selection of topics has therefore been made, in the light
of their commercial significance and taking into account
other contributions to this Centenary Review, particu-
larly those by Dickinson on bleaching and related pro-
cesses and by McPhee and Shaw on wool wet process-
ing.

Many of the new processes are the result of a greater
understanding of the fundamentals of textile finishing, of
the invention of ingenious machines and of the intro-
duction of modern devices for process and machine
control. Nevertheless, successful commercial operation
is still very dependent on sound traditional practices
such as precision in measurements of weight, tempera-
ture, dimensions, etc., careful supervision and control of
each operation, strict adherence to processing instruct-
ions, recognition of the importance of fabric construct-
ion in determining response to finishing treatments,
good housekeeping, efc.

It is convenient to group the selected processes under
two major headings: chemical finishing and mechanical
finishing, although it must be recognised that such a
division is somewhat arbitrary. The two types of process
are, in fact, complementary. For example, the results
obtained in mechanical finishing are greatly influenced
by the previous chemical history of the fabric and 1o
obtain maximum benefit from chemical finishing carefui
selection of relevant mechanical finishing treatments is
essential.

WATER REMOVAL AND RELATED PROCESSES
The increasing sophistication of textile finishing pro-
cesses has demanded better equipment to ensure repro-
ducible results. Machine makers have responded readily
to this demand. All the basic operations such as water
removal, padding and drying, have been made much
more efficient and processing speeds are now higher
than ever before.

Padding mangles, for example, can now be regarded
as precision machines. New materials have been devel-
oped for making bowls and the quality of bearings has
been improved greatly. The Roberto ‘porous’ bowl,
constructed from cotton fibre coated with rubber, gives
better liquid extraction. Vacuum impregnation machines
such as the Vacu-pad of Kleinewefer and the unit made
by Sir James Farmer Norton are valuable additions to
modern plant for chemical finishing. The Kaster mangle,
because of its novel design is more efficient than most
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other machines. Pressure is now usually applied through
hydraulic or pneumatic systems. A consistent supply of
reagents must be delivered to padding mangles and
improved pumps, some of which are of the peristaitic
type, have proved useful in handling expensive reagents.
The composition of padding liguors is controlled by
means of modern chemical analytical techniques, which
include reliable and steady, direct reading pH measuring
units.

Drying is still usually carried out on cylinder machines
or on stenters or tenters using hot air as the drying
medium, although infrared (i.r.} heating devices are now
used to a timited extent, particularly for curing. For some
fabrics, loop dryers are the preferred machines. Dielectric
heating attracted considerable attention but has not
become popular because of the high cost, although it
could be commercially acceptable for drying very thick
materials.

Efficient temperature recorders and control devices are
fitted to all modern drying units. Measurements of
temperature are usually made on the circulating air but
methads for measuring the temperature of the fabric
itself by means of i.r. pyrometers have been developed
and can be particularly useful in controlling heat setting
and polymerising. It has long been recognised that over-
drying has undesirable effects and is a waste of energy.
Consequently, measurement of the moisture content of
dried fabrics has been the subject of research and
development for many years. Several reliable instru-
ments, usually based on changes in the electrical
capacity of the cloth, are now available and are incorpo-
rated into control units to ensure that the cloth is
delivered from the dryer units with the desired moisture
content. The development of these controls presented
many difficulties but acceptable instruments are now on
the market.

Cloth guiders attached to stenters have improved in
sensitivity and photoelectric and electronic devices are
very effective. Weft straightening is important particu-
larly in respect of cloths with check patterns and knitted
fabrics, and new types of equipment have been devel-
oped. Typical of these is the photoelectric optical scan-
ner of Mahio which can be used on both woven and
knitted fabrics. An interesting unit, the Coltron system, is
a part of the stenter itself, being placed immediately after
the cooling chamber. It depends, for its effectiveness, on
altering the relative speeds of the stenter chains.

Suction dryers such as those made by Fleissner have
increased in popularity and methods of holding the
tabric to width as it passes over the drum during drying
have been introduced, e.g., the Smith Drum Dryer with
“Tenterflex” bands and the Fleissner Drum-stenter.

The ever increasing cost of energy and water has
stimulated research and development in the technology
of applying reagents to fabrics. A major cost is that of
removing the water, particularly by heating, at various
stages. Whilst the efficiency of drying units has
undoubtedly increased over the years it now seems
obvious that a mare effective way of reducing costs is to
reduce the amount of water used in applying the reagents.
This must be done without sacrificing uniformity of
distribution of the reagent. The use of spray systems,
foam, printing techniques and kiss- or lick-roller tech-
niques have become increasingly attractive. An example
of a recently developed procedure is the Triatex MA
system, the essential unit of which is a roller immersed in
the finishing reagent. Accurate and sophisticated control
ensures uniform distribution of the reagent on the cloth
which passes over the roller. The research on minimum
add-on has considerable potential, not only in durable-
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press finishing, because it has stimulated work on one of
the basic operations. It is a happy coincidence that at the
same time advances have been made in the design of the
padding mangle.

One obvious way of reducing the energy, required to
evaporate the liquid in which reagents are carried or
suspended, is to replace water by organic solvents, A
great deal of work has been done in this connection but
the commercial viability of solvent finishing processes is
hard to establish because of the high cost of solvents as
compared with water. Solvent-based systems for prepar-
ing fabrics have, however, attracted much attention and
the technology for solvent finishing is now quite highly
developed. Well-designed equipment is available for
both batch and continuous processing. Nevertheless,
serious problems still have to be overcome before maxi-
mum benefit can be obtained from using solvents rather
than water. Solvents have, however, a special role in
increasing the variety of reagents that can be used in
finishing and much progress has been made particularly
in devising solvent recovery systems. Even now new
solvents are being introduced. For example, the Jawetex
Permascl solvent system is based on Freon TPF, a
fluorocarbon. It incorporates several new ideas and it is
claimed that a distillation recovery plant is not necessary.

CHEMICAL FINISHING

Polymer Finishing and Cross-linking

This group of pracesses is probably the most important
development in textile finishing of this century. This
development had its origin in the search for a method of
making cellulosic fabrics resistant to creasing. Not only
was this objective achieved but it has been closely
associated with completely new concepts expressed by
terms such as durable press, minimum-iron, non-iron,
smooth drying, easy-care and wash-and-wear. The
many scientific and technological developments in this
subject cannot be discussed in detail in the space
available because seldom has such intense effort been
put into a textile finishing process. Scientists associated
with organisations such as the Southern Regional
Research Laboratories of the US Department of
Agriculture in New Orleans, BASF and other chemical
manufacturers and major textile firms have invented new
processes so that many reagents and technigues are now
available to the modern finisher. Outstanding work by
many investigators has greatly improved the
understanding of the many new processes. Details of
these are fully discussed in the relevant publications
listed in the bibliography at the end of this paper and the
developments outiined in the following pages merely
illustrate the effort that has been made to improve the
results obtained commercially.

The original crease-resist process developed in the
taboratories of Messrs Tootal Broadhurst Lee Co. Ltd
consisted in padding the fabric with a solution of a
water-soluble urea-formaldehyde precondensate and an
acid catalyst, then drying and finally curing by heating
the fabric to 130°C. Treated fabrics, particularly those
made from regenerated cellulose, were found to have
greatly improved resistance to dry creasing which was
originally attributed to the depaosition of polymer inside
the fibres. Later research, however, stressed the import-
ance of the cross-linking that occurs and many cross-
linking and polymer-based finishes were subsequently
developed. In fact, textile finishing entered a compietely
new era.

The various reagents depend, for their effectiveness,
on different reactions. Some are classified as self-cross-
linking and their use results mainly in the deposition of



polymer, whereas others are more accurately described
as cross-linking reactants which combine with reactive
groups in the fibrous material. Dimethylolurea and
methylol melamines are in the first category, while
dimethylolethylene urea (DMEU), dimethyloidihydroxy-
ethyleneurea (DMDHEU), dimethylolpropyleneurea
(DMPU), dimethylol-4-methoxy 5,5-dimethylpropyle-
neurea, dimethylol-5-hydroxypropyleneurea, dimethylol
hexahydro triazones, tetramethylol acetylene diurea,
dimethylol carbamates and methylol acrylamide are in
the second group.

In the conventional pad-dry-gure processes the
catalyst used is important in obtaining optimum effects.
The one chosen will obviously be influenced by the
curing technique adopted and on the end-use of the
finished fabric. Early catalysts included ammonium salts,
particutarly ammonium dihydrogen phosphate, diam-
monium hydrogen phosphate and, in special cases,
ammonium oxalate. However, undesirable side-effects
arising from their use, e.g. the development of fishy
odours and degradation caused by absorption of chlo-
rine during subsequent domestic washing, stimulated
the search for others. Zinc nitrate, zinc chloride and
magnesium chloride are favourably regarded but others
include mixtures of metal salts of strong acids with
complex-forming a-hydroxycarboxylic acids.

Remaining disadvantages of conventional resin finish-
ing were however the accompanying loss of tear
strength and abrasion resistance and the tendency to
give the cloth an unacceptable stiff handle. Good tech-
nological practice did something to minimise these but
the problems still persisted especially with certain types
of fabrics. Several methods have been devised to
improve the process. One is to add various substances to
the impregnation bath e.g. dispersions of palyethyiene,
polyurethanes or polyacrylates. Some traditional
softening agents such as cationic compounds and sili-
cones have taken on an important role in resin-finishing
formulations and routines.

Important investigations were concerned with the
method of curing. The aims of these studies were often
two-fold: to improve the conventional pad—dry—cure
sequence and to improve the resistance of the fabric to
wet creasing. Whereas the methylol compounds applied
by dry-curing are effective in making suitable fabrics
resistant to dry creasing the effect on wet creasing is
smail. This was attributed in part to the very dry condi-
tions under which the curing took place and it was
realised that to obtain wet crease resistance the fabric
should be ‘cured’ in the swollen state. Some investiga-
tors favoured the use of steam as a curing agent because
completion of the curing reaction was accelerated and
the reactants were used more efficiently.

By controlling the moisture content of the fabric
during curing some degree of both dry and wet crease
resistance can be attained. Moist crass-linking is carried
out on partially swollen fabric, i.e. on cotton fabric
containing 6-8% moisture or spun rayon fabric contain-
ing 10-16% moisture. The fabric is impregnated with
the cross-linking agent, e.g. methylol triazone and a
mixture of inorganic salts with organic acids, (the pH of
the liquor being between 1 and 2) and then carefully
dried to the required moisture content. The material is
batched, wrapped in plastic sheeting and allowed to
stand for 16-24 h. Finally, it is rinsed and neutralised to
remove acid reagents. To obtain acceptable results by
this process precise control of moisture content is essen-
tial and the type of cross-linking agent should be
carefully selected.

Wet cross-linking is the method adopted to obtain wet

crease resistance, a textile characteristic which has been
recognised as being important in minimum-iron prod-
ucts. One method of achieving this is to pad the fabric
with a hydrolysis-resistant cross-linking agent in the
presence of a strong acid catalyst. It is then squeezed to
70-80% pick-up and batched on a roll which is wrapped
in plastic sheeting and left rotating slowly for 16-24 h to
allow the necessary chemical reactions to occur. Neu-
tralisation and drying complete the routine. An alterna-
tive approach to the improvement of wet crease resis-
tance is to use cross-linking agents such as epichlorohy-
drin, epoxy compounds or dichloropropancl under alkal-
ine conditions. 1n the Bel-o-fast process, for example,
the bleached and mercerised cotton fabric is impreg-
nated with a 10-15% caustic soda solution, squeezed
and then sprayed or padded with dichloropropanol. It is
then batched on a roll and allowed to rotate slowly for
8-10 h, covered all the time with plastic sheeting to
prevent drying out. Finally it is rinsed, neutralised and
dried. Whereas this process improves the wet crease
resistance it has little or no effect on the dry crease
resistance. If dry crease resistance is required additional
treatment with N-methylol reactants is necessary. The
Teb-X-Cel process for imparting wet crease resistance is
based on the sulphonium betaines and another method
involves divinyl sulphones. Although these alkaline-
based reaction systems have found only limited use they
have pointed the way to solving difficult problems.

An interesting process known as the SSX process was
introduced by Gagliardi and his colleagues to improve
the resistance to abrasion. The swollen fabric is treated
with a reagent to substitute bulky ‘plasticising” side
groups on the cellulose chains and then to cross-link in
the usual way. Similat results were obtained by impreg-
nating with mixtures of mono- and di-functional
reagents, e.g. DMEU and N-methylol acetamide appiied
from a single bath. An appropriate catalyst is included
in the liquor and the fabric is dried and cured in the usual
way.

Another invention was the two-stage Polyset process
from the Southern Regional Research Laboratories. This
consists in impregnating the fabric with an N-methylol
reagent such as methylol melamine along with a catalyst,
zinc or zirconium acetates being preferred, then drying
and finally curing. In the second stage the fabric is padded
with a strong latent acid catalyst, dried and cured to effect
further cross-linking. This technique is claimed to yield
fabrics having excellent resistance to abrasion. A one-
step method based on the Polyset process involved the
use of a combination of catalysts in the same bath as
selected prepolymers and cross-linking agents.

It is not surprising that the reaction between formal-
dehyde and celiulose has been studied very thoroughly.
Even in the early days of research on crease resistance
considerable attention was given to this reaction and
work still continues. The main difficulties are the lack of
reproducibility of the reaction and the loss of strength
accompanying it. Interesting developments have been
the use of tetraoxane, a formaldehyde tetramer and
treatments with formaldehyde vapour obtained by heat-
ing paraformaldehyde. The reaction is catalysed by acids
and treatments with formaidehyde, sulphur dioxide and
steam have been suggested. Improved results are
claimed for a process consisting of impregnation with a
compound such as a polyacrylamide, drying and then
exposing to formaldehyde vapour in presence of hydro-
gen chloride for 24 h. The formaldehyde vapour can be
obtained by heating formalin but water must be removed
from the vapour before it is used. Patented processes
consisting of padding cotton with a film-producing
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polymer such as Hycar 1562 (a poly(acrylonitrile—
butadiene) or Rhoplex K-14 {a polyacrylate) ) and then
treating with a mixture of formaldehyde vapour and
sulphur dioxide are claimed to be effective. The polymers
accelerate the reaction with formaldehyde so that the
finish can be obtained in a relatively short time.

A particularly significant advance was the production
of durable-press garments and other finished goods. The
principle of these processes is to impregnate or spray the
goods with a solution of a cross-linking agent, usually
DMDHEU, containing a catalyst and to dry at a relatively
low temperature. The required creases or pleats are then
inserted and are made permanent by curing at the
recommended temperature to complete the reaction and
so fix the pleats. The Korotron and Fixaform processes
were two of the earliest of this type and since the time of
their introduction other variants of the basic process
have been invented. For example, a pre-cure process
suitable for use with cellulosic fibre/polyester blends.
The fabric is resin-finished in the usual way and then
made into garments, creases or pleats being inserted by
means of a hot-head press which can be heated to a
temperature of at least 160°C. In another process the
fabric is padded with equal quantities of a polymer
builder, e.g., methylol melamine and a cross-linking
agent usually DMDHEU together with a strong acid
catalyst. It is then enclosed in a plastic sheet and heated
to 856°C for 15-20 min. The fabric, at this stage known as
‘fixed fabric’, is then padded with a catalyst such as zinc
nitrate or magnesium chloride after which it is dried and
cured. The process has important limitations but it
indicates a useful approach to resin finishing for the
fixed fabric’ can be regarded as presensitised material for
use in permanent pleating, etc. Subsequent research led
to improved processes such as that involving steaming in
the first wet fixation stage. In the BASF P2 technique
two cross-linking agents of differing reactivities are used
simultaneously. The first cross-linking is carried out by
the finisher at a relatively low temperature, but the
second stage is carried out by the garment maker using a
hot-head press to bring about the reaction of the less
active component. The development of durable-press
finishing was a major advance in clothing manufacture
because it established, for the first time, the practice of
chemical finishing in the clothing industry. Fabrics made
from 100% man-made fibres do not, of course, require
chemical treatment as hot-head presses can be used
effectively to insert pieats that are permanent.

Operations based on similar principles can be used in
finishing piece goods. For example, in the production of
glazed chintz the fabric is impregnated with a suitable
resin pre-condensate containing a catalyst, dried at a
temperature below that at which polymerising or cross-
linking occurs and then glazed on a friction calender.
This finish is made permanent by curing at the appropri-
ate temperature.

Progress in the chemical aspects of resin finishing has
been matched by improvements in finishing machinery.
Of special interest was the introduction of polymerisers,
although now a great deal of finishing is done on
efficient modified stenters by adopting the technique of
‘flash curing’, i.e. drying and curing in one operation at a
temper-ature between 160 and 200°C. in both pieces of
equipment sensitive temperature controls are essential.
When the original crease-resistant processes were first
promoted great stress was laid on good washing-off to
remove unpolymerised and unreacted material, a prac-
tice which also improved the handle of the fabric. With
the availability of newer cross-linking agents and the
changes in customer requirements the importance of this
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final washing declined and in modern practice it is often
omitted,

Although the polymerising and cross-linking pro-
cesses have been the subject of a great deal of detailed
research new ideas are still coming forward to improve
the textile characteristic of the finished cloth. Among
them are ingenious ‘physical’ technigues. In one of these
the fabric is coated, on the back only, with a viscous
solution of the cross-linking agent and then cured. In
another, known as ‘micro-stretching’, the treated fabric
is carefully stretched beyond its elastic limit and this,
carried out under carefully controlled conditions,
reduces the loss in tear strength.

Knitted goods are resin finished mainly to improve
their dimensional stability. Completely stable cloths can-
not be produced because the loss in strength which
accompanies the necessary severe cross-linking is too
great to be acceptable. In addition, processing tensions
must be reduced to a minimum and this has been greatly
facilitated by the use of machinery specially designed to
handle knitted goods. Flash curing is usually adopted
and the stenter must be fitted with an over-feed attach-
ment and edge uncurlers. Modern stenters are capable of
meeting these requirements and almost tensionless pro-
cessing is possible on the best machines.

External Treatments with Polymers
The well established processes such as back-filling,
fabric coating and stiffening have taken a new lease of
life because of the availability of new polymers and the
growing significance of non-woven fabrics has revealed
new outlets for polymers as binding agents and external
finishing agents. Traditional materials for carpet backing,
to improve tuft anchorage, can be replaced by various
vinyl type emulsions and it is claimed that these backings
generate less smoke than rubber, etc. in the case of fire.
Polymer coatings for woven fabrics yield a wide range
of new products. Coated nylon, for example, makes
light-weight tarpaulins acceptable for some purposes.
Perhaps the most important application of external poly-
mers has been the treatment of non-woven materials,
particularly those intended for industrial use. The poly-
mer binds the fibres together and the fibre/polymer
composite can be regarded as a new industrial material.
In one process, randomly-laid web is impregnated with a
polymer emulsion before being dried and cured. Various
products are used but recently emulsions of vinyl
acetate-ethylene-vinyl chloride copolymers, referred to
as ‘pressure polymers’ because they require the use of
high pressure during polymerisation, have been intro-
duced for fabric coating. Alternatively, polymer filaments
or fibres can be used as a means of reinforcing a mass of
fibres because they serve as a bonding agent when the
fabric is subsequently hot calendered. The ultimate
extension of the coating and supporting polymer treat-
ments cannot be regarded as a strictly textile finishing
treatment but the tmportance of this range of new
materials cannot be over-stressed. Many of the problems
of fibre-polymer adhesion now being intensively studied
have long been known to fabric coaters and manufac-
turers of tyres, etc. The use of new fibres and polymer
matrices has emphasised the importance of fundamental
studies on adhesion and while a great deal of progress
has been made in this field much still remains to be done.
Recognition of the importance of fibre and filament-
containing composites will be an effective stimulant for
work of this type.

Mercerising
Although mercerising was invented as long ago as 1844



comparatively little change has taken place in the prac-
tice of this valuable finishing operation. Much work has
been done to improve the understanding of the process
and ingenious variants have been devised for treating
fabrics containing other fibres as well as cotton. Equip-
ment was improved to increase productivity and to
minimise some of the more common faults and advances
in technological practice have enabled caustic soda to
be used more economically and to greater effect. The
considerable improvements in machine design and pro-
cess control have increased the reproducibility of the
results.

Of special interest was the development of slack
mercerising in which suitable fabrics or yarns are
treated with caustic soda of mercerising strength and
allowed to contract before being washed-off and then
stretched to the desired dimensions. This operation
produced fabrics with new and interesting properties
and slack mercerising also became regarded as a setting
process for cottan materials.

Control of mercerising is essential and every effort
must be made to use the caustic soda efficiently. More-
over, the alkali in the fabric must be thoroughly washed
out. The Shirley Institute, when investigating the effi-
ciency of removing and neutralising residual caustic
soda after mercerising recommended the use of very
dilute solutions of sulphuric acid (0.002%), the process
being controlled by pH measurements.

In 1975, Duckworth and Rusznak, described a novel
and unexpected variant of the conventional operation.
The effective reagent was caustic soda of mercerising
strength but it was used at a temperature near to the
boiling point of the solution, a practice very different
from that traditionally adopted in mercerising. The hot
reagent facilitates rapid and even impregnation, and
whereas hot caustic soda solution is not a pleasant
reagent to handle, its use offers some advantages. The
sequence of operations involved in this ‘decrystallisa-
tion’ process is as follows: impregnation with hot caustic
soda solution of mercerising strength; hot stretching of
the impregnated fabric; controlled cooling of the hot,
stretched fabric; tension-controlled washing; and final
washing. The treated fabric has many of the character-
istics of traditionally mercerised material, but it is more
receptive to subsequent chemical treatments so that
‘easy-care’ finishing is facilitated. The process is effective
on loom-state material and by introducing a steaming
unit after the saturation stage forms a most effective
preparation range. Modern processing machinery, with
appropriate modifications, enables effective control of
the process to be exercised.

A major advance, related to mercerising, but in many
ways quite different, is that based on treating yarns or
fabrics with liguid ammonia. The process which attracted
most attention was the J & P Coats Prograde process for
yarn, because the technological problems associated
with handling liquid ammonia had been solved by
systematic and imaginative research. A Norwegian plant
for treating fabrics was also built and this enabled the
TEDECO process to be made commercial. The equipment
consists in a padding unit; a reaction zone in which the
fabric is controlled widthways by a short clip stenter;
heated cylinders to remove most of the ammonia; and a
steamer to remove any residual ammonia. The effects
obtained by liquid ammonia treatment depend on the
conditions of treatment. Heap has stressed the marked
difference between the effects of an ammonia-water
process and an ammonia—dry-steam process. In the
former the ammeonia-swollen fabric is thoroughly rinsed
in water to remove the ammonia whereas in the latter the

ammonia is removed by heating followed by steaming.
The water process yields fabric which is similar in
properties to that obtained by conventional mercerising,
but an outstanding feature of the ‘dry-steam’ technique is
its value for preparing cotton fabrics for easy-care, cross-
linking treatments because it is claimed to improve the
balance of properties in the finished material. It is perhaps
too early to assess the real potential of methods based on
liquid ammonia but there is little doubt that the introduct-
ion of this reagent, relatively new to textile processing,
has stimulated renewed interest in chemical pretreat-
ments and dispersion processes. They may, in fact,
become increasingly important with the growing interest
in low add-on methods.

Flame Resistance

With the growing concern about fire hazards and the
introduction of more demanding legislation increased
attention was given to methods for improving the flame
resistance of textile materials. Naturally most of the work
was concerned with treating cotton and other cellulosic
fibres, but valuable processes have been developed to
enable wool fabrics to meet ever increasing standards
and the special problems associated with the burning
and melting of man-made fibres continue to be the
subject of important investigations.

The early work on flame resistance, carried out mainly
for military purposes, was concerned with actual flame
propagation, but in recent years equal emphasis has
been given to the amount of smoke produced during
burning, because of the obvious hazard in major confla-
grations. Processes for making cellulosic fabrics tempo-
rarily flame resistant have been available for many years,
but stress has, for some time now, been on permanent
finishes that meet well defined standards.

The most acceptable early technique for making cot-
ton apparel and domestic textiles permanently flame
resistant was based on THPC (tetrakishydroxy methyl
phosphonium chloride) applied by a pad-dry—cure
sequence. For example, the Proban process consisted in
padding the fabric with a mixture of two aquecus
solutions containing: (a) THPC and triethanolamine (to
absorb any liberated hydrogen chloride) and (b) trime-
thylol melamine and urea. The fabric is padded with the
mixture, then dried and finally cured at 140°C far 4-5 min.

Later developments yielded fabric with a softer handle
and consisted in padding the fabric with aq. THPC and
urea and then treating with gaseous ammonia. Another
variant was based on THPOH. The cloth is padded
with a solution of the reagent, then stenter dried at
85°C for 50 s and finally treated with ammonia gas for
30 min.

Somewhat later the bromoform adduct of the allyl
ester of phosphonitrilic chloride was developed as a
flame retardant. The reagent is compatible with THPC
formulations and the combined formulation has the
advantage of being effective at lower concentrations
than that required for THPC treatments. It is however
more expensive. It is claimed that a THPC-amide formu-
lation to which is added tris(2,3-dibromopropyl) -phos-
phate is useful in proofing cotton/polyester blended
fabrics. The bromine compound is believed to be
absorbed by both cotton and polyester. A later reagent
was tris (1-aziridinyl) phosphine oxide (APQ) and a
mixture of this compound and urea can be used for flame
proofing using a pad-dry—-cure sequence. ‘Tris’, as it was
known in the trade has been withdrawn in the USA
because of its toxic properties.

Flame-retardant industrial fabrics often have to meet
exacting requirements, not only in respect of their effi-
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ciency in preventing flame propagation and after-glow,
but alsc in withstanding exposure to the elements or to
severe industrial environments. Handle is not so import-
ant as with apparel fabrics although excessive stiffness
should be avoided. Early processes were based on
antimony oxide in the presence of a halogen-containing
compound such as a chlorinated paraffin, poly(vinyl
chloride) or poly(vinylidene chloride), the effective
agent being the antimony chloride produced when the
fabric was heated. In formulations for this treatment a
phosphate or borate is included to eliminate after-glow.
The finish is applied by a simple pad-dry technique and
the increase in weight can be as much as 40-50%. A
mixture of titanyl chloride and antimony chloride is the
basis for another effective retardant. The fabric is padded
with this very acidic mixture and is then neutralised with
sodium carbonate solution.

To give woal the enhanced flame resistance which is
required to meet the specifications laid down by certain
airlines a process known as the IWS-Proban method
was developed. The technique is almost identical with
that used for treating cotton goods, i.e. the fabric is
padded with a solution of a THPC-urea pre-condensate
in combination with a melamine—formaldehyde resin,
then dried and baked for 5 min at 160°C. It is then
thoroughly rinsed to remove unreacted material and is
softened by adding hydrogen peroxide and sodium
bicarbonate before the final rinse. Cheaper methods
have also proved effective, particularly for treating car-
pets. They involve padding the cloth with a mixture of
zirconium or titanium complexes which subsequently
hydrolyse slowly to deposit in the fibres a basic insolubie
compound which is responsible for the flame resistance.
This and similar processes have proved to be very
effective and have found application not only for carpets
and similar materials but alsc in giving a high degree of
flame resistance to industrial clothing.

Water Repellency

The need for fabrics which can be described as water
repellent, shower resistant or waterproof has long been
recognised and led to the intreduction of coated fabrics
which kept out both water and air. The development of
new polymers suitable for coating fabrics increased the
scope of these products, but the greatest progress has
been made in the production of fabrics that are both
water repellent and air permeable. Early processes were
based on wax dispersions ariginally containing alu-
minium salts but later zirconium salts, but with the
commercial availability of new synthetic compounds the
variety of water repellents has increased. One of the first
to be marketed was Velan PF (ICl), the active compo-
nent of which is stearamidomethylpyridinium chloride.
The fabric is padded with a dispersion of the reagent
along with sodium acetate to avoid degradation of the
cellulose by the hydrochioric acid which is produced
during the subsequent baking process. Drying at a
temperature of less than 100°C is followed by baking at
150°C for 3 min. Thorough washing and drying com-
plete the treatment.

With the development of crease-resistant processes it
was not surprising that similar methods would be sug-
gested for making fabrics water repellent. One product
that was used, particularly on viscose rayon fabrics, was
based on N-methylcloctadecylethyleneurea. Alkyl iso-
cyanates were the subject of several patents and treat-
ment with 2-5% octadecyl isocyanate gives a shower-
prcof finish. An interesting product marketed as
Phobotex FT (Ciba) is a mixture of a hydrophobic reagent
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and an aminoplast, the reagent being applied by the usual
pad—dry—cure sequence. Combinations of reagents like
Phobotex with resin pre-condensates and cross-linking
agents made the development of crease-resistant, water-
repellent products possible.

A completely new type of water repellent was intro-
duced by Du Pont in 1950. Known in the US as Quilon it
is a water-soluble chromium organo-metallic complex.
The recommended method of application consists in
padding the cloth with a sclution of the reagent with
hexamethylene tetramine and then drying at a tempera-
ture of at least 100°C. Similar products were marketed by
other chemicai manufacturers, e.g. Phobotex CR (Ciba),
Ombrophob {Sandoz) and Quintolan W (ICI).

Silicones were perhaps the most significant addition
to the range of water repellents. Although these reagents
had been known for many years they were regarded
almost as laboratory chemicals, but detailed studies
resulted in the production of acceptable commercial
reagents for use in the textile and related industries. They
consist of polymers based on a siloxane chain carrying
groups of differing reactivity and they can be applied
from organic solvents or in the form of emulsions.
Catalysts to facilitate the proofing process include butyl
titanate and the general method of use is to pad the cloth
with a solution or dispersion of the product, squeeze, dry
and then bake at 120-160°C.

Closely related to water repellency is oil repellency.
While the development of this characteristic on textile
fibres has not been of general interest, treatment of
carpets and similar articles improves their acceptability
to certain customers. Fluorochemicals are particularly
important in this field and many different types of
compound have been the subject of patent specifications.
Typical of reagents used are chromium complexes of
perfluorocarboxylic acids, fluorinated acrylic acid and
methacrylic esters. While the fluorine compounds still
remain expensive a great deal of work has been done on
their chemistry and application, and commercial finishes
such as Quarpel, an oil and water repelient particuiarly for
military purposes (US Quartermaster Corps) and Scot-
chgard finishes developed by the Minnesota Mining and
Manufacturing Co. have proved successful. Combina-
tions of fluorochemicals with water repellents are useful
additions to the repertoire of chemical finishes.

Rot Proofing and Finishes to Minimise Micro-
biological Degradation

Protection of textile fabrics from attack by micro-organ-
isms has always been important in military equipment
and outdoor textiles. Reagents such as copper naphthal-
enate have been available for many years but several
new ones have appeared. They include halogenated
phenols such as pentachlorophenol, pentachlorophenol
laurate, copper-8-quinolinolate, N-{tributylplumbyl)-
imidazale, esters such as 4,4"-dihydroxy-octachlorodi-
phenyl diacetate, phenyl mercury esters, mercury-con-
taining compounds, mixtures of copper compounds and
zirconium/chromium complexes, some organo-tin com-
pounds and quaternary ammonium compounds. Certain
resin treatments are effective and durable. For example,
resin finishes based on halogen substituted phenol-
formaldehyde pre-condensates give cotton excellent
protection but colour it. This is not, however important
for many industrial purposes. Maodification of cellulose
by acetylation or cyanoethylation yields materials which
are resistant to attack by micro-organisms and fabrics
grafted with certain polymers, e.g. poly(acrylonitrile) or
poly(methyl vinyl pyridine) show some resistance.



MECHANICAL FINISHING

Setting

This group of processes based on the use of heat, water
or steam is concerned with fixing fabrics in some desired
state, i.e. either flat and free from casual creases, or in an
acceptable deformed state e.g. pleated. Different types of
set are now identified: cohesive set which is removed in
presence of water or in an atmosphere of high humidity,
temporary set which is retained on wetting in cold water
but not in hot water and permanent set which is retained
under those conditions likely to be met with during
subsequent processing or use of the material. The latter
may include operations such as dyeing, Hoffman press-
ing, hot-head pressing, fusing and oven-curing. Much
research has been done on setting, but different defini-
tions have often been adopted for describing the set and
this makes the interpretation of the results of different
investigators difficuit. This is particularly the case when
the term ‘permanent set’ is used, because ‘permanent’
tends to mean set which is retained under those condi-
tions of interest to the investigator, e.g. boiling in water,
steaming in an autoclave, pressing in a hot-head press.

The various setting operations depend upon some-
what different principles, although in all cases there
appears to be an initial breaking of various molecular
bonds followed by rebuilding when the fabric is in the
desired state. The precise mechanism depends on the
type of fibre and on the particular setting process.
Fission and rebuilding of covalent bonds are of special
significance in setting wool materials, whereas hydrogen
and weaker bonds are involved in the setting of man-
made fibres. The setting of wool fabrics is dealt with in
detail by McPhee and Shaw.

Man-made fibre fabrics are set to avoid distortion or
‘cockling’ during subsequent processing or during use.
The most common process — heat setting — was devel-
oped in the 1940s following the invention of nylon. The
effectiveness of this treatment has been associated with
what is termed ‘crystal melting” although other explana-
tions have also been put forward. Some setting was
done with steam in autoclaves but the more common
procedure, which is now almost universally adopted for
piece goods, was carried out on a modified stenter. The
effective setting temperature depends on the type of
fibre. To attain these temperatures considerable changes
to the standard stenter had to be made, but the con-
verted machines gave acceptable results at reasonable
cost. The main source of heat was hot air, although some
later machines utihse ir. heaters. Full advantage has
been taken of devices available for controlling tempera-
tures to +1°C, dimensions, fabric speed, appropriate
relationships of warp and weft threads, i.e. avoiding
bowing. In some units steam was injected into the
setting chambers for it was claimed that this allows
running speeds to be increased and reduces the discol-
oration of nylon during setting. Whatever the conditions
of setting, the fabric must be thoroughly cooled while
still on the stenter pins and the batch should be wound
under the minimum tension to avoid introducing a
source of residual shrinkage. As heat setting is a funda-
mental operation in the finishing of man-made fibre
fabrics considerable expertise has been developed over
the years to processing a wide range of fabrics, both
knitted and woven, made from different man-made
fibres and blends containing man-made fibres. Garments
and knitted articles such as stockings can be set by both
batch and continuous processes using high pressure
steam or dry heat.

The setting of certain types of cloths containing a high
proportion of wool is essential. In some cases it is a

necessary preliminary process, often known as crabbing
or wet decatising and is carried out to prevent undesir-
able distortion or cockling which would otherwise occur
in subsequent processing. In other cloths dry blowing or
decatising is sufficient, whereas in many cloths such
preliminary operations are not necessary. Almost all
worsted fabrics and most woollen cloths are “set’ or
fiattened by blowing at a final stage before being
pressed. In recent years there has been increasing
interest in high pressure setting in autoclaves partly to
improve the dimensional stability and also to produce a
finish which will not be removed during garment manu-
facture. Researches on setting have stressed the import-
ance of chemical reactions taking place during setting
and methods using thioglycollates and bisulphites have
been developed. They have not however been widely
accepted, except for special purposes. The principal
methods are still based on the use of heat, pressure and
moisture, and are therefore usually regarded as mechan-
ical processes.

The traditional batch process of crabbing is still used
for preliminary setting, although at one time autoclave
setting was advocated. A major advance was a continu-
ous setting unit such as the Konticrab by Hemmer which
increases productivity without loss of setting efficiency.

Most attention has been given to setting as a final
finishing process. Improvements have been made in the
design of the conventional blowing machine but until
recently the process was a batch process. The introduc-
tion of continuous decatising machines was a step
forward. German machine makers such as Gessner and
Kettling Braun, designed machines which were inge-
nious extensions of traditional units in that steam was
blown through perforated rollers to set the cloth. They
improved production, but probably the most significant
advance came from the collaboration between W!RA
and the machine makers Mather and Platt Ltd. This
resulted in the marketing of the Ekofast continuous
machine. its essential feature is a specially-designed,
high-pressure unit similar to the kiers used in the Mather
and Platt Vaporloc preparing system. The cloth is carried
through the unit while held at full width and under
pressure between two endiess belts made of Nomex.
Many technical difficulties had to be overcome before
this unit was acceptable, but now it is proving highly
successful for finishing a wide range of cloths. Its
introduction has enabled economies to be made in the
finishing of wool cloths because not only does it set
them but it also gives an acceptable finish. The interest in
high-pressure decatising was a result of the demand
from tailors for fabrics that shrink not more than 1-2%
during large-scale tailoring routines which invariably
include Hoffman pressing. Several versions of the high-
pressure, batch-process machines are now available, e.g.
the KD machine (Biella), the Gladstone-Sellers auto-
matic decatiser, the Drabert-Kettling Braun Decolav
2000 machine and the Whiteley—-Gessner Pressurematic
machine, all of which are fitted with devices for contral-
ling fabric tension, steam pressure, precision winding,
etc. These machines yield a fabric which is acceptable to
the modern tailoring industry. Chemical setting was the
basis of a well-publicised method for inserting pleats
and creases in garments but, partly because of the
adverse effects of the reagents on certain dyed materials,
techniques based on the use of high-pressure steam are,
in general, favoured.

The production of cloths that meet the required shrin-
kage limits does not depend solely on the effectiveness
of the setting operation. It is recognised that undue
stretching of the cloth in either warp or weft directions
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should be avoided at all stages of finishing and appropri-
ate improvements in machine design have been made to
ensure this. It has also been found that whereas high
pressure setting is effective, it increases the hygrai
expansion of the cloth and subsequent handling of the
set material should take account of this,

The modern blowing machine has also proved useful
in finishing many types of man-made fibre fabrics and
knitted fabrics requiring a soft, cloth finish.

Shrinkage Control and Compressive Shrinkage
Although it has long been recognised that cotton fabrics
shrink when they are washed and dried no attempts to
prevent this undesirable shrinkage were completely suc-
cessful until the concept of compressive shrinkage was
put forward. The use of over-feed units, now a common
feature of modern stenters did somewhat reduce this
potential shrinkage and width shrinkage can be con-
trolled by accepted sound practice. Compressive shrin-
kage was, however found to be necessary to reduce the
potential length shrinkage significantly. The fabric is
compressed by physical means before the final finish so
that its subsequent expansion during washing will offset
the shrinkage attributable to the inherent properties of
waoven or knitted fabrics.

Particularly successful compressive shrinkage units
were those marketed by the firm of Cluett Peabody and
Co., in the USA who invented the Sanforising process
and by the Bradford Dyers’ Association (UK) who were
responsible for the Rigmel system. These were based on
sound principles and precision engineering and rigid
quality control procedures were established. The units
made use of the observation that when a moving thick
rubber or felt belt is passed over a roller the outer surface
expands or contracts according to the curvature, the
difference being greatest when a reversal of curvature
has been provided. By placing the fabric to be shrunk in
contact with the belt in an appropriately designed sys-
tem compressive shrinkage can be effected.

Both the Rigmel and the Sanforising units proved
highly successtful in controlling the shrinkage of woven
fabrics and later attention was given to machines for
knitted fabrics. An early model was the Hunt and
Moscrop Bestan machine, a double roller unit in which
one rubber-covered roller operated against a highly
polished heated bed plate. The other roller, rotating more
slowly formed a nip at the end of the confining passage.
The Sanfor-Knit (Cluett Peabody) for circular knitted
material, based on a double blanket system and the Hunt
and Moscrop Evaset range of double-roll compacting
machines were well received. In the |atter units the cloth
is passed between a heated and driven shrinkage roller
and a rubber belt before it is dried tensionlessly on a
Palmer dryer. In the most recent model, a more compact
unit, the Supatex Universal Shrinking machine, the
shrinkage roller is driven faster than the rubber belt,
giving the fabric an improved finish. Similar advances in
the design of shrinking units have increased the interest
in the compacting process. It is no longer seen simply as
a means of stabilising cotton fabrics but also as a way of
obtaining special effects on warp knit fabrics, of devel-
oping textured effects on woven materials and of
improving the textile characteristics of non-wovens,

For improving the dimensional stability of knitted
fabrics containing a considerable amount of cotton a
combined chemical and physical method has been sug-
gested. It is known as the Micrex process and involves the
following sequence: pad with a cross-linking or resin
formulation, dry, compressively shrink the material
lengthways and finally cure. For fabrics containing mainly
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polyester or polyamide a simpler routine is possible, viz:
compressive shrinkage followed by heat setting.

Raising, Shearing and Flattening

While these processes continue to be extremely import-
ant in textile finishing comparatively few really new
principles have been introduced. One important innova-
tion was the control of the raising action through the
torque characteristics rather than by adjusting the speeds
of the raising rollers. Machine design has been very
much improved and this has to some extent 'de-skilled’
raising. Nevertheless, careful attention to detail and to
operational instructions are still required to obtain high
quality results. Modern raising machines are ingenious
pieces of engineering and in capable hands can yield a
wide range of finished fabrics. The double action
machines seem to be favoured. Uncontrollable factors
such as belt slippage in older machines have been
minimised by modern gear systems and by what
amounts to calibration of the machine which effectively
controls the severity of the raising action.

An important development was the production of a
modern ‘polishing’ machine which subjects the fabric to
the action of an electrically-heated, spirally-fiuted rotat-
ing cylinder, the speed of which can be varied from 600
to 1 500 r.p.m. The surface fibres are opened, drawn,
aligned and lustred and the fabric has an improved
appearance and a full soft handle. The machine is
particularly useful in finishing simulated fur fabrics made
from man-made fibres. A refated machine for velour
finishing has a polishing unit connected with a shearing
head fitted with a ten-spiral cylinder blade.

Whereas the raising operation is used mainly on cotton
and wool goods it is also effective on knitted man-made
fibre fabrics made from c.f. yarns. In this case the raising
action is controlled so that the filaments are not broken
but the yarns are lifted out of the plane of the cloth to form
a pile. All the raising techniques have been shown to be
affected by the presence of lubricants and some new
raising assistants of this type have been marketed. Of
special interest to wool finishers have been new raising
machines to produce drawn-pile finishes like those
traditionally obtained by raising wet cloths with teazles.
These machines are tabour-saving and reduce costs
whilst giving excellent results. Some finishers however
still favour teazle raising for their speciality materials.

Shearing machines, essential for preparing some
cloths and for finishing others have been made easier to
control. The modern machines are usually multiple-head
units operated from a central position. They are precision
machines and are very cost-effective. The incorporation
of a shearing unit in a combined raising and shearing
assembly is specially useful in obtaining an even pile on
woollen fabrics.

Machines to flatten and finish woven, knitted and
non-woven fabrics include calenders, rotary presses, etc.
Refinements in the use of hydraulics to apply pressure
and new materials for calender bowls have extended the
range of effects that can be obtained in calendering. For
example, hot calendering of non-woven fabrics yields
new decorative effects. Often, however, decatisers and
units similar to Palmer calenders are used to give a softer
finish. The Hoffman press for garments and particularly
for knitwear has been upgraded so that a wider range of
processing conditions is possible and more reproducible
results can be obtained.

In all the above processes accurate conditioning of the
fabric gives the most reproducible and acceptable results
and modern units reduce the need for long storage
periods.



SPECIAL FINISHES

Fabrics made from new varns, usually of man-made
fibres or filaments, often required special finishing tech-
niques. In one of these knitted stretch fabrics are passed
at open-width under minimum tension through a con-
tinuous steamer before being scoured, dyed and fin-
ished. To soften polyester materials a treatment involving
warm caustic soda or sodium carbonate solutions has
been developed.

Lace and nets made from thermoplastic fibres are heat
set but if the fabric contains some non-thermoplastic
varns heat setting is combined with melamine—formal-
dehyde resin treatment. To obtain the appropriate han-
dle, power nets can be treated with poly(vinyl acetate)
emulsions,

Because they are thermoplastic, fabrics made from
polyamides, polyesters or cellulose triacetate can be
pleated by suitable heat treatment. A machine invented
for this purpose is the Rabofsky unit with heated rollers
and an acceptable procedure for nylon is to heat set the
fabric at 140-150°C and pleat with the heated rollers
maintained at 200-220°C. Steam pleating has proved to
be more satisfactory for triacetate fabrics.

Finishing knitted goods made from textured yarns
demanded special attention. They should first be
steamed without tension to release strains developed
during earlier processing and to develop fully the crimp
in the fabric. This full relaxation is also important for
some other materials, particularly heavily structured
goods and fabrics made from high-shrink fibres. The
fabrics are then scoured and heat set. Steam injected into
the setting chamber helps to preserve the handle and
reduce stiffness. The technical practice adopted often
incorporates the experience gained by finishers of tradi-
tional crepe fabrics.

CONCLUSION

The above examples of advances in textile finishing
clearly illustrate the achievements of scientists, engineers
and technologists in this branch of the textile industry.
Even in the most firmly established practices improve-
ments have been made, thereby using labour, energy
and materials more effectively without loss of quality.
Equally important has been the development of new
equipment and processes and the adaptation of contem-
porary scientific and engineering advances in other
industries to the benefit of textile finishing. There is every
reason to suppose that these progressive attitudes will
become even more significant in the future and that full
advantage will be taken of new ideas in electronics,
computers, polymer and fibre science and management
techniques. To obtain the maximum benefit appropriate
attention must be given to wise research and develop-

ment because this is the basis of progress. Changes in
the distribution of centres of textile production will no
doubt continue but even in these new locations research
and development must play an important part. As the
ease of technical communication grows so will the
adoption of new technigues and processes be facilitated
and the rewards to inventors and innavators will then
perhaps become more evident. This should be a source
of encouragement to workers in R and D departments,
for income from the licensing of processes could be of
real benefit to those units and to their parent organisa-
tions. With a progressive and far-seeing attitude to the
science and technology of finishing its role in the textite
industry could become even more important than it is
today and at the same time finishing developments
could be more financially rewarding.
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