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1. INTRODUCTION

Garment dyeing has become an increasingly important
part of the dyeing and finishing scene in recent years.
Differentiation is made between garment dyeing and
hosiery dyeing, where socks and ladies’ stockings have
been dyed in garment form for a long period of time.
Garment dyeing, as will be discussed in this review, relates
to other garments over and above footwear. However,
dyeing of garments as a process route is not by any means
new, and there has been a considerable amount of
garment dyeing carried out for particular types of articles
for several decades [1]. In particular, in the UK some major
commission dyers had given over large parts of their
production to dyeing fully-fashioned garments to the
highest quality.

The significant growth in the demand for garment
dyeing has however accelerated since the early 1980’s due
to the greater dependence of refailers on quick colour
changes to meet their need for rapid fashion response.
Garment dyeing is the obvious way to meet this need and
lead times have been reduced to 4/5 days as against 2/3
weeks as minimum with other processing routes.

The market place now has a tremendous demand for
leisurewear and casualwear garments and these types of
garments are very much colour and fashion orientated.

A considerable amount of development in the garment
field recently has been towards dyeing cotton and cotton
mixture articles whether from woven or knitted construc-
tions. This review concentrates on cotton garment proces-
sing, together with some recent developments in the
processing of wool garments. However, garment dyeing of
acrylics, polyamides, polyesters and mixtures of these
fibres is also performed. Ladieswear, menswear and
childrenswear may all be dyed at the garment stage.

Other advantages of garment dyeing are the reduced
level of stock holding and a possibility for retailers to
monitor more easily and replenish stock with fashion
colours which are in line with right up to the minute trends.
In this case use of computers and bar-coding has aided
retailers to have complete control.

The major interest in garment dyeing has developed to
service the domestic market with exceptional speed of
response as a means of differentiating from the traditional
coloration methods provided by exhaust and continuous
processing. Indeed garment dyeing with the associated
quick response service is becoming an important market-
ing tool for retailers in many markets around the world [2].
Companies are not waiting for customers to approach
them with business, but rather are aggressively attempting
to stimulate the growth of the new merchandise by
challenging design schools to create garment designs
which adapt best to garment dyeing concepts.

The ability to respond quickly to feedback from the
point of sale in a short season, fast moving fashion outlet is
a major advantage. After a pre-season trial to give
weighting ratios to the selected fashion colours for the
particular phase of a selling season, sales can be monitored

and re-orders organised where reguired. The initial stock
can therefore be calculated to minimise surplus stock at the
end of the season, but, given good sales, should be
capable of being ‘topped up’ to maximise trading within
the fashion sales period [3].

Apparel costs more when dyed in garment rather than in
piece form, largely because of extra handling costs before
and after dyeing, and lower productivity in the dyeing
operation.

Studies in the USA showed that garment dyeing costs
can, depending on the size of batches being processed, be
as much as 2-3 times higher than piece dyeing costs [4].
The payback for garment dyeing comes in a reduction of
up to b0% in inventory and markdown costs. If these costs
represent 10—15% of the value of the goods sold, garment
dyeing has been caiculated to have a payback period of
2.3 years [4]. The more significant the inventory and
markdown costs, the shorter the payback period.

In the wake of movement within the fashion industry,
there have been fairly major developments in process
techneology and machinery available for garment dyeing.

Garment dyeing activities may be broken down into four
categories:

(1) Fully Fashioned garment dyeing by major commis-

sion dyers and finishers.

(2) Cut and sew garments covering woven and knitted
fabrics dyed to high fastness standards.

(3) Dyeing of 100% cotton goods for ‘boutique’ trade,
with low colour fastness, only suitable for hand
washing.

(4) Washing, desizing and bleaching denim goods,
leading to stone-washing, snow-washing and over-
dyeing or highlighting effects [5].

Now many dyeing and finishing companies are handling
all of these dyeing levels to enable them to keep up with
the fashion seasons.

If a garment is to be dyed at the finished stage, then it
must be specifically engineered for that purpose. Account
must be taken of sewing thread, zips, buttons and other
accessories. Also important in this respect is that fabric
should be manufactured and pre-treated with garment
dyeing in mind as regards shrinkage properties, desizing
and other preparatory treatments.

2. GARMENT DYEING MACHINERY

2.1 General

Traditionally garments have been dyed in ‘paddle’ dyeing
machines whether designed as ‘side paddle’ or as ‘over-
head paddle’ equipment. With this type of machinery the
goods move around a tank and liquor/goods interchange is
dependent only on garment movement with little or no
assistance from liquor pushing through the garments.
Although suitable for loose-knitted fully fashioned gar-
ments, the low degree of agitation in paddle machines
presents problems with heavily-constructed garments,
particularly where difficult seams and thick areas are
present.
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Liquor ratios in paddle dyeing equipment vary from
25:1 to 40:1 and heating may be by direct steam injection
or by an indirect heating arrangement through coils. Early
machines were constructed from pine wood and subse-
quently Dyebrite (a nickel alloy) but now ‘paddle’
machines would normally be produced from 316 stainless
steel.

There were a number of developments with ‘side
paddle’ machines amongst which were variable speed
paddles, perforated paddles and variable length paddles.
‘Overhead paddle’ machines were more popular in the
United States and Far East. There were also high
temperature versions of this equipment available.

Within the ladies hosiery industry, there are many
installations of ‘Smith Drums’ which were originally
designed fifty years ago and in certain countries they have
become popular for simple garment dyeing operations, eg,
direct dyestuffs on 100% cotton leisurewear.

This equipment consisted of a rotating perforated drum
normally with four compartments to hold the merchandise.
The lack of sufficient agitation was the main limiting factor
in the use of this type of machine for recent garment
dyeing applications.

It is also not unusual for simple front-loading washing
machines to be used for low dip, non-sophisticated dyeing
or overdyeing of cotton articles. The equipment used in
these particular cases was normally designed originally for
the laundry industry or for scouring/milling in the woollen
garment industry.

Other developments in garment dyeing equipment
which were introduced during the 1960s and 1970s were:

(@) Sclvent dyeing in modified dry cleaning units.

{b) Dyeing in machines with torcidal action.

{c) Dyeing in foam in machinery specifically designed

for Sancowad low liquor processes.

2.2 Solvent dyeing

During the 1970s a concentrated effort was made by the
leading dry cleaning machinery manufacturers together
with major dyestuffs suppliers to develop a system for
garment dyeing from chlorinated hydrocarbons, eg, per-
chloroethylene [6]. Successful results were obtained on a
very limited basis. The dyeing machines used were
modified from existing dry cleaning equipment, and most
of the design effort was aimed at garments made from
synthetics such as Tricel and Polyester.

Dispersed type dyestuffs were produced which allowed
dyeing from 100% perchloroethylene, whereas with other
already available dyestuffs, it was necessary to form an
emulsion. The solvent acted only as a medium to carry
small quantities of water wherein the dyeing process
actually occurred.

Solvent dyeing was limited in applicetion and was
superseded by the development of low liquor ratio
machines and processes.

2.3 Toroidal machines

These machines were developed originally from the Peag
K-type scouring and milling machines for woollen gar-
ments. The liguor was pumped up into a vessel containing
a garment carrier or plate and the liquor was deflected to
the vessel circumference and then with no mechanical
assistance down into the chamber-movement being com-
pletely dependent upon the pumped action of the water
[71.
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During the early 1970s the considerable quantities of
fully-fashioned garments in Tricel and Polyester which
required dyeing led to the development of high tempera-
ture Torecid dyeing machines where the gentle action was
preferable to that obtained in conventional dyeing equip-
ment. Liquor ratios could be as high as 40:1 in Toroid
machines.

2.4 Sancowad process

With garment dyeing being dominant in the UK market it is
not surprising that Samuel Pegg and Sons, Leicester, who
were based in the heart of the UK knitted garment
industry, were originally at the forefront of garment dyeing
machine development — with Solvent Dyeing, the Pegg
Toroid machinery and then Sancowad.

Sancowad was a foam-dyeing method developed by G
H Lister at Sandoz for dyeing at liquor ratios as low as 2:1
using foam as the medium for dyestuff application [8].

Highly foaming detergents were used to provide dense
foam from low quantities of water (within the machine)
and water soluble dyestuffs were applied at very low liquor
ratios. The temperature was then raised to give a fixation
treatment simulating to some degree a pad/fix system.

The equipment used had been developed from Brown
and Green dry cleaning machinery (Brown and Green
were associates of Samuel Pegg) and included a centrifug-
ing and drying operation as an integral part of the dyeing
machine. Most success was achieved on hosiery dyeing,
particularly polyamide socks. Problems were encountered
with surface appearance when dyeing acrylic and woollen
articles by this process, possibly due to fibre/fibre friction at
the ultra low liquor levels.

Again, the advent of aqueous low liquor dyeing
machinery with compromise liquor ratios of approximately
10:1 and flexibility to dye garments from all fibres led to
the obsolescence of this type of machinery during the late
1970s.

2.5. Rotary dyeing/centrifuging machines

It is fair to say that if it had not been for the advent of low
liquor energy-saving rotary dyeing machines approximate-
ly 18 years ago, then the garment dyeing of a wide variety
of today’s fashions would have been unthinkable. Rotary
dyeing equipment with integral centrifuging and short
processing times lends itself ideally to the quick turnaround
objectives of today’s market place.

This type of equipment was developed initially for
stockings, panti-hose and sock dyeing and the early
machines were laundry washer extractors with a few
simple modifications. The first rotary/centrifuging garment
dyeing machine based on existing laundry equipment was
manufactured and installed as long ago as 1969 by Neil &
Spencer Ltd at Mills Dyers & Cleaners Ltd in London, for
service dyeing directly for the consumer.

It was some considerable time thereafter before dyeing/
centrifuging equipment was used for dyeing garments for
the textile manufacturing industry. Today’s versions of
these machines have been developed to an extent where
they can take their place as sophisticated, specially
designed dyeing and finishing units (Figure 1).



(A) Perforated drum (with Y-pocket)
(B) Machine controller

{C) Sampling port

(D) Liquor level indicator

(E) In-line lint filter

(F) Heat-exchanger

(G) Addition tanks

Figure 1 — Typical rotary drum garment dyeing machine

Rotary dyeing/centrifuging machines are available in
capacities up to approximately 250 kgs {process cylinder
volume approximately 3 cubic metres) and established
garment machine manufacturers include:

Pellerin Milnor Corporation ~USA

Neil and Spencer Limited -UK

Pegg Whiteley Limited -UK

Proll and L.ohmann GmbH - West Germany
Flainox SRL —ltaly

Rotativa Universale, TMT SRL — Italy

Washex Corporation - USA

Kratex - USA
Multirapid GmbH — West Germany.

Other machinery manufacturers who have entered the
garment dyeing machine field include the following:

Thies GmbH - West Germany
MCS - ltaly

Hagener Textilmaschinen GmbH — West Germany
Barriquand SA — France

G A Braun Inc - USA

Scholl - Switzerland.

The following features are now common on rotary dyeing
equipment:

— Optional basket configuration

— External circulation

— High speed centrifuge

— Sophisticated heating and cooling

— Flexible control systems

— Sampling arrangements

— Loading/unloading systems

—~ Variable cylinder speed during dye cycle

— High temperature processing

— Dye-liquor recovery,.
2.5.1. There is a choice of basket configuration — open
pocket, D pocket and Y pocket — giving one, two or three
dyeing compartments respectively.

Different configurations will affect the degree and type of
mechanical action applied to the goods and therefore
different specifications are supplied dependent upon

garment finish required.

2.5.2 External circulation of the dye liquor through a filter
{and sometimes an external heat exchanger) to aid
liquor/goods interchange is now common. Previously,
agitation in rotary dyeing machines was only available due
to movement of the processing cylinder.

This system helps ensure uniform temperatures
throughout the machine which is important when dyeing
critical fibres like acrylics. External circulation also compen-
sates for the reduced agitation when running the cylinder
at very low speeds giving protection to the face of the
garment whilst allowing good penetration into seams and
thick areas.

A filter unit is fitted within any external circulation system
and this has the added advantage of removing loose fibres
and lint which may otherwise be redeposited on the
garments.

2.5.3 High speed centrifuge with forces of over 500G with
some rotary dyeing equipment ensures that moisture
content is reduced to a minimum prior to the drying
operation without the need for additional handling and
centrifuging in separate equipment before the drying stage.

In this respect not only are the revolutions per minute at
which the drum turns on high speed important, but also
the drurn diameter. A large drum diameter and short depth
back to front is the preferred configuration.

A major advantage with machinery which incorporates
centrifuge action is that by extracting liquor during the
process cycle (normally at intermediate speeds, say
200-250 rpm) then efficient rinsing action is obtained in
very short times. When dyeing cotton garments with
reactive dyestuffs, there are a number of fashion shades
where rinsing may be reduced from about 60 minutes to
10 minutes thereby drastically reducing overall process
fime.

2.5.4 Heating and cooling of the dye liquor may be by the
following means:

— Direct steam injection into the dye liguor and addition
of water direct to the machine (only suitable for simple
dyeing processes).

— Indirect heating and cocling by passing steam and
waler alternately through closed coils in the base of
the machine.

- Indirect heating by means of a steam jacket around the
body of the machine. Cooling either directly or
indirectly.

- Use of an external heat exchanger for indirect heating
and cooling. Heat exchangers may work with steam,
oil or high temperature hot water. Cooling may be by
direct addition of water or indirectly through heat
exchangers.

2.5.5 Control of all machine function and process para-
meters may be automatically regulated very accurately.
Microprocessor control on rotary dyeing/centrifuging
machines now makes use of flow measurement for dip
level accuracy, very sophisticated proportionating on/off
valves on steam and water lines, VDUs, and print-outs for
management control.

Systerns are available where the garment dyeing
machine may be controlled from one central control room,
including automatic additions of dyestuffs and chemicals
from a central dispensing area.

2.5.6 Sampling of the garments is normally by special
sampling port which allows complete garments to be
examined during the process without reducing the liquor
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level. 1t is most important to see a complete garment from
the batch lot at the sampling stage so that not only shade
but seam penetration, degree of milling and physical
appearance of the garment may also be assessed. It is not
practical to have separate sampling chambers as is the case
with batch dyeing machines for loose stock, yarn or fabric
dyeing,

2.5.7 For ease of loading/unloading a tilting mechanism is
often supplied allowing garments to be loaded direct from
overhead feed arrangements and unloaded without manu-
al handling into a conveyor system. This is a worthwhile
consideration where large capacity open pocket cylinder
machines are involved.

2.5.8 Cylinder speed during the process is controlled,
normally between 3 rpm and 35 rpm. This allows greater
agitation at critical stages in the dyeing process and less
agitation at other times to protect garment condition and
maximise quality standards. D.c. motors may be used or
standard a.c. motors working in conjunction with a
frequency convertor.

2.5.9 High temperature rotary/centrifuging machines are
now available allowing garment dyeing to be carried out at
temperatures up to 135°C. There are various options with
equipment now in operation which has been designed to

Traditional route

handle process temperatures of 105°, 110°, or 135°C.
2.5.10 With some dyeing/centrifuging machines, systems
have been designed te provide dye liquor recovery where
spent dye-liquor is transferred to a storage tank for re-use.
There is limited application of these systems in the garment
dyeing field compared with ladies” hosiery dyeing which is
predominantly polyamide orientated.

It is more generally accepted that with medium or large
installations heat exchange systems recovering heat from
drained liquors to heat the incoming process water give
adequate energy savings without the inherent problems of
direct liquor recovery and its effect on accurate shade
matching.

3. COTTON GARMENT DYEING

3.1 General

The dyeing of cotton in garment form is particularly suited
to the production of the relaxed fashion look associated
with casualwear and leisurewear merchandise. The late
seventies and eighties have seen significant growth in the
demand for such merchandise in which the predominant
fibre has been cotton, favoured for its natural comfort and
aesthetic appeal [9, 10]. The advantage of a short lead

Garment dyeing route

Woven Knitted Woven Knitted
Continuous Prepare & Continuous Pre relax
prepare dye prepare preparation
batchwise
Continuous Finish Dry Relax
dye dry
Deliver to Deliver to
Finish garment garment
manufacturers manufacturers
Lead Deliver to Deliver to
time garment garment Cut and sew
about manufacturers manufacturers
eight
weeks s
Cut and sew Stock
Lead
fime
about
two
weeks
Garment
Stock dye
Finish
Retail Retail
sale sale

Figure 2 — Multicomponent cut and sew garment — compatison of traditional and garment dyeing routes.
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Traditional route

Garment dyeing route

Altemative

Prepare yarn Knit garment

Knit garment

package/hank blanks blanks
Yam dye Make up Stock
package/hank
Dry Stock Garment dye

(ecru garment stock to
retail outlet).

[ead time 1216 weeks.

Wind Garment dye Tumble dry Lead
time
Knit garment Tumble dry [Tezxd Make up
blanks time
Make-up Finish Finish
Finish
Stock Retail sale Retail sale
Retail sale Lead time 2-3 weeks Lead time 5—6 weeks

(ecru garment stock to
retail outlet).

Figure 3 — Fully fashioned cotton garment — comparison of traditional and garment dyeing routes.

time and the ability to respond to point of sale feedback for
stock replenishment with dynamic response service has
stimulated the growth of cotton garment dyeing in both
woven and knitted fabrics and in multicomponent designs
incorporating woven and knitted panels [11}]. (See Figures
2 and 3).

The difference in lead time for fully fashioned garments
is significant by either of the garment dye routes, which
have been extensively used, with coarse gauge knitwear
generally being processed as the completed garment, and
fine gauge knitwear being processed as garment blanks for
subsequent finishing and trimming.

3.2 Fabric preparation

It is usual for woven cotton and cotton/polyester fabrics to
be continuously prepared, ie. desized and bleached,
before delivery to the garment manufacturer for the cut
and sew operation. For more sophisticated finishes, the
fabric may be lightly brushed and/or pigment printed for
pattern effects {12]. Prepared fabric enables the shortest
garment dyeing cycle to be achieved, thus further assisting
the rapid response concept.

Alternatively, ecru woven fabric may be used for the
garment construction, in which case an allowance should
be made for shrinkage by cutting the components oversize.

Using ecru fabric will necessitate a desize operation

possibly combined with a scour and/or bleach, depending
on the brightness of shade to be achieved [13].

In the case of knitted fabrics, to avoid problems of seam
pucker and garment distortion, it is usual to pre-relax weft
knitted fabrics for use as components with woven fabric
panels cr as 100% knitted fabric cut and sew garment
designs [14].

The relaxation is normally combined with a scour or
bleach process to shorten the subsequent garment wet
processing cycle and to minimise the shade differential
between knitted fabric and woven fabric components.
After aqueous relaxation on a winch or softflow circulation
liquor machine, the fabric construction is ‘normalised’ to
produce a ‘square’ dimensional stability. This is achieved
by fabric overfeed to increase the courses per centimetre
followed by relaxation drying using a conveyor type
principle with alternating air flow from the jet nozzles to
produce agitation and shrinkage. The knitted construction
is thereby relaxed to the minimum energy configuration as
far as possible to reduce the initial shrinkage figure of up to
15% (rotary drum wash cycle followed by tumble drying)
to a resultant ‘square’ stability of 5—8% which is suitable
for subsequent garment manufacture.

During the preparation processes for both woven and
knitted fabrics, lubricants may be applied which are water
soluble/emulsifiable to assist in the cut and sew operation,
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providing fibre/metal lubrication to minimise sewing dam-
age, but which are readily removed and do not interfere
with the subsequent dyeing operation.

Alternatively, selected suitable overdyeable permanent
elastomers may be applied to improve both sewability and
final garment performance [15].

Preparation must be thorcugh, consistent and repro-
ducible. This is extremely important since the cut and sew
operation will need to be oversized for subsequent wet
processing shrinkage. Variation in preparation will result in
inconsistency of final garment size after dyeing and drying
(16].

In the successful establishment of a profitable garment
dyeing operation, all manufacturing steps must be carefully
controlled. A wvertical operation should have the best
opportunity for tight control and hence the greatest
success. The next best situation would be a textile mill
which supplies prepared fabrics to the garment manufac-
turers, and then provides a commission dyeing service for
the cut and sewn garments. Finally, a third situation is that
of a commission dyehouse which improves its chances of
success by maintaining a very close liaison with the
garment manufacturer in order to exercise some control of
quality standards.

Garment dyeing requires a close working partnership
between the greige goods supplier, preparation, garment
manufacturer, garment dyer, finishing and retailer. Total
process control is more critical since little can be changed
once the garment is dyed [17).

Identification of yarn source and batch number should
be strictly maintained to avoid mixing fabrics of different
origin within a garment or batch of garments.

3.3 Dyeing

The dyeing of cotton garments is effected using direct,
fibre-reactive, and to a lesser extent vat and sulphur dyes.
The end use is normally the criterion upon which the
decision to use one or other of the dye systems is based.
The ‘fashion’ merchandise associated with boutiques is
often processed with direct dyes and a ‘hand wash
separately’ care label attached. For high wet fastness
outlets associated with ‘quality’ merchandise, fibre-reactive
dyes are widely used [14, 18, 19].

3.3.1 Direct dyes

Choice of direct dye to ensure even application and
highest reproducibility is normally by selection according
to SDC classification {generally class A and B); dyes should
preferably have a similar temperature of maximum ex-
haustion.

Where electrolyte is added to influence dyestuff vield, it
is normally added in portions at the dyeing temperature of
95°C. The addition of a sequestering agent based on
sodium hexametaphosphate to remove calcium and mag-
nesium impurities, and a levelling agent, preferably anionic
or amphoteric, to minimise the effect of blocking or
preferential complexing, is advisable for optimum results.

Following the time period at 95°C, the liquor is cooled to
60°C before draining to minirnise the risk of creasing due
to shock cooling. For deep shades, cold rinses with
electrolyte are given to minimise the migration of direct
dye into the rinse liquor. A cationic after-treatment may be
applied to improve wet fastness and prevent migration of
dye within the garment before the drying process.
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3.3.2 Reactive dyes

Since their introduction by ICI in 1956, fibre-reactive dyes
have been used extensively on cotton for their high wet
fastness and wide shade gamut. However, the special
requirements of garment dyeing must be considered in the
choice of reactive dye system used.

Requirements of a reactive dye system for cotton garment
dyeing are:

— good level dyeing properties

— high migration and diffusion properties to assist seam

penetration

— good reproducibility

— suitability for short/automated processes.

The dyeing properties of a reactive dye are given by
their chemistry. The higher the reactivity of the system, the
lower the application temperature and the higher the rate
of fixation after introduction of alkali.

The requirements for cotton garment dyeing as outlined
above are met in particular by the low reactivity monoch-
lorotriazinyl reactive dyes [20] with their high temperature
application to optimise diffusion and migration, low
reactivity to optimise level dyeing, and ease of automation
using linear addition profiles for both dye and alkali
additions.

The rinsing and soaping processes subsequent to the
reactive dye application are optimised on the rotary drum
design machines by the use of the hydroextraction facility
which greatly improves the liquor interchange efficiency
between rinses.

The high diffusion properties associated with the hot
dyeing monochlorotriazinyl dyes are principally responsi-
ble for the excellent seam penetration properties, which
have been reported from the garment dyeing industry, as
compared with the lower diffusion properties offered by
the high reactivity, cold-dyeing reactive systems. In addi-
tion the hot reactive dyes have been reported to give
improved penetration of tightly woven fabrics and elasti-
cated areas [12].

3.3.3 Vat dves
For high fastness to industrial laundering, or where severe
chlorinated water fastness is a requirement, there is a
limited use of vat dyes. The hot pigmentation technique is
generally used in which the dye is dispersed as an insoluble
pigment under alkaline conditions at a temperature of
60-80°C. After a levelling period, the dye is reduced to
the leuco form and penetration into the cotton fibre is
effected. After flood rinsing to pH10, the reduced dye is
oxidised back to the insoluble form to achieve the high wet
fastness result.

Following the dyeing process, a cationic softener is
normally applied to enhance the garment handle.

3.4 Drying
The garments are centrifugally hydroextracted and then
dried using tumble drying to give complete relaxation, or
conveyor/radio frequency drying as a modern technique.
Depending on the requirements, the garments are steam
trimmed to improve the overall appearance.
Precautions taken during the dyeing process to minimise
creasing will be rewarded by a shorter pressing operation
which is normally labour intensive.



3.5 Considerations

3.5.1 Metal components

Many cotton casualwear garment designs incorporate
metal components such as zps, buttons, etc, which can
present difficulties to the garment dyeing operation.
Preparation in particular requires to be considered. Where
metal components are present in the undyed garment, the
use of prepared fabric is recommended to avoid the use of
peroxygen based bleaching systems [21]. Catalytic de-
composition of the peroxygen by the metal ion can lead to
severe fabric degradation which can show up as dye resist
marks or physical breakdown of the fabric, particularly in
the area in direct contact with the metal component.
Where metal components require to be incorporated in the
undyed garment, their composition also requires to be
considered.

Ferrous based materials should not be used as corrosion
due to attack by electrolyte will be apparent, in addition to
the risk of rust stains.

Brass components may present problems when used
with copper sensitive dyestuffs, and whilst the use of a
metal sequestering agent such as EDTA will help prevent
shade alteration due to chromophore sensitivity, it is not a
guarantee against this problem.

The option which has proved to be the most satisfactory
for garment dyeing where metal components are required
is the use of nickel plated brass [14].

To give protection against metal component corrosion,
the use of inhibitors based on phosphate ester/triazole has
been recommended [15] although care should be exer-
cised to avoid significant retardation of dye build up.

3.5.2 Sewing thread

Cotton garments normally require to be manufactured for
subsequent garment dyeing using unmercerised cotton
thread to produce a solid dyed inconspicuous seam.

Effects from seams can be purposely achieved by the
use of polyester thread which will resist dye uptake, or
mercerised cotton thread which will increase dye uptake
and therefore appear darker in shade.

When sewing fabrics made from cotton for subsequent
garment dyeing, it is not possible to switch directly from
conventional spun polyester or core spun threads to 100%
cotton threads and retain the same seam characteristics. In
order to obtain equivalent seam strengths, heavier cotton
threads should be used. It is also recommended that the
stitch density is increased to obtain a similar degree of
elasticity in the seam {22]. Sewing tensions should be kept
to a minimum on lockstitch and chainstitch operations,
deliberately producing slacker stitches, to help avoid seam
pucker resulting from shrinkage of thread during subse-
quent garment dyeing.

3.5.3 Tangling

Most garments do not require special precautions to avoid
tangling during dyeing. However, in some instances it may
be necessary to reverse the garment and to tag parts of the
garment together through the seams in an attempt to
prevent distortion of the general shape of the article and to
minimise the occurrence of tangling.

4. WOOL GARMENT DYEING
4.1 General
Wool garment dyeing, in contrast to dyeing cotton

garments, is a long-established technology, particularly in
the UK Midlands area where fully-fashioned sweaters and
hosiery have been dyed for over 50 years.

Wool has a relatively low share of the casualwear/
leisurewear sector and the recent boom in garment dyeing
for the popular relaxed fashion look has therefore had little
impact on wool dyers. Commercial logic has, however, led
to growth in wool garment dyeing in three ways [2, 23].

(i) Short lead times — by leaving the choice of colour as
late as possible in the manufacturing chain, response
times to customer demand are minimised.

(i) Lower stockholding costs — only stocks of greige
knitwear need be held.

(iii) Batch size flexibility — small numbers of garments/
colourway can be coloured much more economical-
ly than by loose fibre or yarn dyeing.

As a result wool garment dyeing is growing in fashion
orientated markets, notably in UK, Italy, Spain, Hong
Kong and Mauritius.

This section of the review covers developments in wool
garment dyeing, and aspects of finishing which influence
dyeing, from the previous review in this journal [1] up to
the present.

4.2 Preparation of wool garments

Comprehensive reviews of this complex subject are
available [24—26]. Scouring and milling of wool garments
can be carried out in water or solvent, the preparation
sequence depending on the type of garment.

4.2.1 Woollen-spun garments

Woolleri-spun garments, eg, Shetland wool or lambswool
products, are first scoured, to remove knitting oils, using
non-ionic detergents or soap and soda according to the
type of oils to be removed. A light milling is then given,
with non-ionic detergent and sodium bicarbonate or
polyphosphates; soap-based formulations are also used
[27].

During milling slight bursting of the yarns gives the soft
fabric handle typical of these products.

Scouring and milling are cared out most efficiently in
separate baths {25]. Combined products are, however,
available for use when the oil content is low, or when
water-soluble lubricants are known to have been used.
Low residual oil content is essential for the efficiency of
subsequent shrink-resist processing.

Aqueous scouring and milling are commonly carried out
in the side paddle or rotary dyeing machines to be used for
subsequent dyeing. A wide range of specialised scour/
milling machines is also available based on the principle of
industrial washing machines. For some fine qualities the
gentle action of wooden beater-tub machines can still not
be imitated [24].

4.2 2 Worsted-spun garments

A clear unmilled face is preferred in worsted-spun gar-
ments. Fully-fashioned worsted garments are generally
given an anti-cockle treatment, with sodium metabisul-
phite at the boil, before scouring. This stabilises yam
tensions which would otherwise cause loop distortion in
wet processing, leading to cockling and formation of
crow’s feet [24]). Overhead or side paddle machines are
most often used, but anti-cockling is now also carried out
in rotary dyeing machines with large side tanks [28].
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Scouring requires less detergent than with woollen-spun
garments because of the lower oil content of worsted-spun
yamns,

4.3 Shrink-resist treatments
Wool garments have traditionally been dyed in side paddle
machines. A shrink-resist treatment was almost invariably
given before dyeing to protect garments against felting
during the long dyeing process. The widespread introduc-
tion in the last ten years of low-liquor ratio, rotary drum
dyeing machinery has reduced this need for protection
during dyeing. Initial trials [29] and subsequent industrial
experience have shown that many garment qualities can
be successfully dyed without previous shrink-resist treat-
ment.

The most important factor determining the degree of
shrink-resist treatment needed for a wool garment is the
care category of the final product.

4.3.1 Hand-washable garments

Wool garments which will be sold with a hand-wash label
are normally shrink-resist treated only if the dyeing process
would cause unacceptable felting, e.g. in a side paddle
machine. If the dyeing process is prolonged, e.g. in a
re-dyeing, prior shrink-resist treatment is essential.

Acid chlorination with DCCA (dichloroisocyanuric acid)
is the most popular shrink-resist process, and has been
described in detail [25, 27]. Chlorination must be com-
pletely uniform, with efficient penetration of seams, if
subsequent dyeing is to be level. For this reason garments
are most often chlorinated in the dyeing machine.

In the production of worsted-spun garments, uniformity
of shrink-resist treatment is more easily achieved by using
varns spun from shrink-resist treated tops [30].

4.3.2 Machine-washable garments

Chlorinated garments have only a limited degree of
machine-washability. Most machine-washable wool gar-
ments are produced by applying a cationic polymer after
dyeing the pre-chlorinated garments i.e. chlorinate—-dye—
apply polymer.

Polymer G (Precision Processes (Textiles) Ltd) is most
widely used, in the Dylan GRB process. Alternatives are
Hercosett 125 (Hercules Chemical Co) and Basolan SW
(BASF) [25].

Chlorination is an effective shrink-resist process, but has
undesirable side-effects. Wool is yellowed, fastness of all
non-reactive dyes is reduced, while shade change and
colour bleeding of pre-dyed wool is common.

Several processes have recently been marketed, which
avoid these problems, based on the use of permonosul-
phuric acid pre-treatment, and a silicone-based polymer,
viz Dylan Ultrasoft (Precision Processes (Textiles} Ltd),
Crosil {Crosfield) or Caroat Ultratex (Ciba-Geigy) [28].
Because they are less cost-effective than conventional
chlorine/polymer systems, these systems are currently
used primarily for bright pastel or multi-coloured garments.

One-stage machine-washable processes using polymers
which require no pre-treatment offer an elegant solution to
the problems of chlorination. Products of this type, e.q.
Nopcolan SHR3 (Diamond Shamrock) [31, 32] and
Synthappret BAP (BAY) [33], have not lived up to early
expectations.

Solvent shrink-resist processing is carried out on a
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relatively small scale, confined mostly to silicone-based
systems, e.g. DC109 (Dow Coming).

4.4 Dyeing of wool garments

Only knitted wool articles, such as sweaters or hosiery, are
as yet dyed widely in garment form. Progress in the
development of woven wool garment dyeing in rotary
drum dyeing machines has been reported [28]; garments
must be made from machine-washable fabrics, fully
stabilised before dyeing, and accessories preferably made
of polyamide to dye on-tcne with the wool garment.

Rotary dyeing machines, fully automated for easy
control of the dyeing process, offer cost savings in labour,
water and energy over side paddle machines, and have
replaced them in many dyehouses.

Dye class selection depends on both the degree of
shrink-resist treatment given to the garment before dyeing,
and the care category of the final product. Current dye
class recommendations from all the major dye suppliers
have been reviewed [25].

Hand-washable garments, especially if not shrink-resist
treated, are generally dyed with acid dyes, chrome dyes
being used in blacks and some other heavy shades. High
levels of wet-fastness are essential for machine-washable
garments; acid milling and 1:2 metal complex acid dyes
are used up to medium depth of shade, with reactive (for
bright shades) and chrome dyes (for dull shades) used in
heavy depths,

Problems common to all dyeing processes for wool
garments are [25, 34]

i) Seam penetration, especially on pre-chlorinated
garments where chlorination within the seams may
be uneven.

(i) Fibre damage during dyeing in prolonged dyeing
processes.

(iii) Reaching the required level of colour fastness.

Developments in garment dyeing have been aimed at
minimising the first two problems, without jeopardising
colour fastness.

4.4.1 Developments in dyeing processes

1.2 Metal complex acid/acid milling dyes

Compromise is essential between the need for a rapid-
dyeing process, to minimise fibre damage, and the
necessity for uniform uptake of dye, to ensure seam
penetration. A useful rule of thumb [32] is that 50% of the
dye should be adsorbed on the fibre when the dyebath first
reaches the boil.

Rapid-dyeing processes based on the use of dye-
retarding agents are offered by ICI (Neutrichrome M dyes/
Unisol LAC-G; starting at 60°C) and by Holliday {Elbelan
N dyes/Leveller NR; starting at 70°C) [25].

The use of acid donors is recommended by Ciba-Geigy
[35] and BASF [25]; these agents slowly reduce the pH of
an initially neutral, or slightly alkaline, dyebath during the
dyeing process, giving a controlled rate of dye uptake and
improved seam penetration.

Reactive dyes
Reactive dyes have limited ability to migrate on wool.
Seam penetration of reactive dyes is generally checked
when the dyebath temperature reaches 60—70°C [25]; if
penetration is poor, this temperature is held for a short
time before heating to the boil.

Sandoz offer a pH-swing method, applying Drimalan



dyes with the acid donor Sandacid VS Liquid [25].

Chrome dyes

Chrome dyes are generally applied at the boil, to optimise
seam penetration. After-chroming may however be carried
out at 90°C for reduced fibre damage, using optimised
quantities of chrome salt to minimise pollution of the
dyehouse effluent [30, 36].

4.4.2 After-treatment

Two types of after-treatment are widely used to improve
the colour fastness of dyed wool garments, especially
shrink-resist treated garments, viz scouring and cationic
fixation [25, 34].

Scouring

Loose surface colour is desorbed by scouring with
ammonia. Reactive and chrome dyes are scoured at 80°C
either in the exhausted dyebath or, more efficiently, in a
fresh bath. 1:2 metal complex acid and acid milling dyes
are scoured at 50-60°C, the lower temperature prevent-
ing excessive desorption of dyes and problems of shade
change.

Cationic fixation

Sulphonated 1:2 metal complex acid and acid milling dyes
can be used for medium and even some heavy shades on
shrink-resist treated garments, when after-treated with a
variety of cationic agents [25, 37]. After-treatment is given
in a fresh bath at 40-50°C.

The improvement in colour fastness is maintained
during atmospheric steaming, and cationic after-treatments
are therefore useful in the production of wool sweaters.
Loss of fastness or shade change during high-temperature
steaming limit this approach for production of socks, where
post-boarding is required.

4.4.3 Anti-felting agents
Anti-felting agents are now available for use in wool
garment dyebaths, the best known being Meropan NF
(Chemische Fabrik Tiibingen) and Nofelt WA (Tanatex).
These products are thought to form a protective coating
around individual wool fibres, preventing fibre/fibre rub-
bing which causes felting, and reducing chemical damage.
Their main use is in protecting unchlorinated garments
during dyeing [25]; the protection is only temporary, since
the products are removed during rinsing after dyeing.
Anti-felting products have also been successfully used in
dyeing chlorinated lambswool garments [28].

4.4.4 Low-temperature dyeing
Dyeing wool below the boil reduces fibre damage and
yellowing during dyeing. A variety of chemical auxiliary
products is available which allows application of acid,
metal complex acid, reactive and chrome dyes at 85~
90°C [30, 34].

Successful application of this technique in the produc-
tion of bright pastel shades has been reported [28].

4.4.5 Wool blends

Wool/nylon blend garments are both the most common
wool blend, and the most difficult to dye. The recent
popularity in several European countries of blends of
Hercosett-treated wool with nylon for hosiery has added to

the weli-known problems of achieving solidity of shade
between wool and nylon fibres [24, 38]. Selections of
sulphonated 1:2 metal complex acid and acid milling dyes
are recommended [39]. Since neither chrome nor reactive
dyes partition equally between Hercosett-treated wool and
nylon, high wet-fastness can most easily be achieved by
cationic after-treatment of these metal complex acid and
acid milling dyes.

Woollacrylic blends are rarely dyed in garment form. One
or two bath dyeing processes using modified basic dyes in
combination with acid, metal complex acid or reactive
dyes are available [1, 39, 40].

Wool/polyester blends are not commonly used for knitted
garments.

4.5 Drying and finishing of dyed wool garments

Dyed garments are centrifugally hydroextracted, and
tumble dried at 60-90°C. Pastel shades are normally
dried at 60°C to minimise yellowing [25].

After trimming, garments are steam-pressed, by one of a
variety of short atmospheric-pressure steaming processes
(sweaters), or by high-temperature steaming, or post
boarding {socks).

5. FUTURE DEVELOPMENTS

Garment dyeing has in the main been restricted to single
colour merchandise, or overdyed pigment prints for
effects. Researchers are evaluating the use of cationic
cotton produced by the application of reactive monomers
to cotton as a means by which tone on tone or cross dye
effects rnay be produced on 100% cotton garments [41]. If
successful, this technique would provide the means of
widening the possibilities of garment dyeing without
resorting to the use of different fibres and extended cross
dyeing techniques.

The relaxed look produced by garment dyeing has been
particularly suited to the relaxed casualwear fashions. The
fashion trends however, are dynamic and a more ‘pristine’
appearance may be demanded.

To this end work is continuing on the application of easy
care finishes prior to the garment dyeing stage in order to
minimise the ‘total relaxed’ appearance.

One declared aim of the International Wool Secretariat
is to increase the use of wool in the growing casualwear/
leisurewear sector. Servicing this volatile, fashion-led
market demands late-stage coloration, to respond econo-
mically to fast-changing fashion colours.

Wool garment dyeing is likely, therefore, to continue to
grow, both using the well-established technology on
knitwear and continuing to explore the potential of dyeing
woven woollen garments.

The increasing movement towards dyeing garments
incorporating polyester fibre will also tie in with the
requirements for a ‘pristine’ look and this is advancing the
development of high temperature versions of garment
dyeing equipment suitable for economic and efficient
polyester blend dyeing.

The leisurewear and casualwear- market segments are
predicted to continue as a growth demand area of
merchandise. Dynamic response and the ability to mini-
mise capital employed in stock holding provides the
differentiation in the developed markets as a means of
competing with lower cost imports,
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