Carpet dyeing in the 1990s.
Part 1 - fibre and yarn dyeing

James Park

All to often, carpets are fitted and forgotten, every day taking pun-
ishment from thousands of pairs of feet clad in muddy shoes in a
department store or smothered in the debris of domestic life. The
only in-service care they receive is typically an occasional ‘once
over’ with a vacuum cleaner. The fact that they can absorb such
treatment and still retain their good appearance is a tribute to the
work of carpet technologists over the years, and not least carpet
dyers. In the first part of this feature, James Park reviews some of
the commercial facts of life for the carpet dyer and examines in
more detail the technology of carpet fibre and yarn coloration.

SECTION 1 - OVERVIEW

Introduction

Although the UK carpet industry has
declined in recent years, it continues to
play a major part in the world textile
scene. Its dye consumption is high. The
technology of carpet coloration has many
similarities with that of other textile
sectors, but as regards product
specifications and properties carpets can
be constdered as part of the furnishing
fabrics industry. An indication of world
production of carpets is given in Tables 1
and 2.

In the past most carpets were woven
but in recent decades tufting and other
nonwoven constructions have come to
the fore, so that woven carpets now
account for only 6% of the market. A
comparison is made in Table 3 for three
major carpet producing areas as regards
construction.

Coloration routes

The processing routes for both woven
and tufted carpets, together with the
stages at which coloration can take place,
are shown in Figure 1. The traditional
methods for woven carpets include loose-
stock dyeing, especially for achieving
exceptional levelness and fastness in solid
shades for Wiltons, and hank dyeing,
which is widely preferred for Axminsters
since many small lots may be required for
each colourway.

Staple yarn for tufted carpets is
traditionally dyed as loose stock, whereas
filament yarn is usually producer- or
space-dyed. Continuous dyeing and
printing have gained considerably in

Table 1 World carpet production (1989)

Volume Weight
{m?x 10%)  {tonne x 10°)
North America 1130 1100
Western Europe 940 600
Rest of world 630 400
Total 2700 2100

Table 2 Top ten carpet preducing
areas of the world (1989)

Production
(m2x 108)
USA 1048
Belgium 305
Eastern Europe 230
West Germany 180
Japan 175
UK 160
Latin America a0
Canada 82
Netherlands 81
France 69
Total 2420

importance for tufted carpets generally.
Package dyeing has been developed
successfully for most types of yarn for
carpet manufacture and this will be
discussed later.

During the late 1980s there was a
marked increase in producer dyeing,
which is also associated with the
emergence of polypropylene as the
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second most important fibre (Table 4).
However, producer-dyed nylon, both
mass-pigmented and chip-dyed, is also
increasing in importance.

Of the wet-precessing methods, piece
dyeing and printing dominates in North
America whereas loose-stock and yarn
dyeing remain important in Europe and
Japan, these latter processes often being
used for acrylic fibre and its inherent
poor piece-dyeing properties. The
demand for patterned carpet at the
expense of plain-dyed styles continues
with increases in the use of printing,
differential dyeing and ’patterned
tufting’, the latter being possible with the
development of sophisticated tufting
machines and the use of either coloured
yarns or differential-dyeing nylons.

The use of intermingled yarns and fibre
blends is increasing whereas space
dyeing, popular in the 1975-85 period, is
rapidly losing market share. Winch
dyeing in Europe also decreased during
the late 1980s with only Germany

Table 3 Geographical comparison of carpet
construction (1989)

Production (%!

W Europe N America Japan
Tufted 66 a5 71
Needlefelt 22 3 24
Woven 10 1 3
Others 2 1 2
Total 100 100 100
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Figure 1 Stages at which coloration can take place in carpet manufacture

Table 4 Fibre consumption in the carpet
industry (1965 to 1989)

Consumption (% by vol.)

Fibre 1965 1977 1989
Polyamide 16 54 59
Polypropylene 0O 1 23
Wool 43 18 8
Polyester 0 4 7
Acrylic 3 9 2
Viscose 38 4 1

processing significant amounts by this
method.

Table 5 compares the importance of the
various coloration methods. Included in
the figures for winch dyeing are Carp-O-
Roll and carpet jet dyeing. Only plain-
and differential-dye styles are included in
the continuous dyeing figures; the
remainder of this type is included in the
multicolour category.

Fibre usage

The wear characteristics of a carpet are
obviously very important, and are
influenced by factors such as the blend
composition, fibre type, yarn
specification and carpet weight per unit
area. Tufting has grown in importance at
the expense of weaving, while synthetic
fibres (predominantly nylon) have
featured prominently in this trend, with
wool and cellulosic fibres in decline.

Table 5 Methods of carpet coloration (1989)

Production (%)

Method W Europe N America
Loose stock/yarn 22 3
Winch {beck) 8 28
Continuous 14 25
Printing/multicolour 23 17
Space 2 3
Producer 31 24

Nylon is the dominate fibre for the
world carpet industry (Tables 4 and 6),
but polypropylene is increasing its share
of the market rapidly at the expense of all
other fibres. Polyester, including carrier-
free dyeable qualities, is not expected to
increase its market share further, despite
the more widespread use of high-
temperature carpet jets. However, it is still
a popular fibre in North America for the
manufacture of heavyweight Saxonies,
and especially in Japan where the "hot
carpet’ is unique. This carpet contains
electrical heating elements, similar to
those in an electric blanket, and this has
found a niche because of the tradition of
the Japanese in removing their shoes
when they enter the home. For this same
reason acrylic fibre is also popular in
Japan because of its softness.

Table 6 Consumption of fibres in the carpet
industry {1983)

Consumption (% by wt)

Fibre W Europe N America Japan
Polyamide 41 74 32
Polypropylene 32 16 6
Wool 15 1 8
Pclyester 6 9 23
Acrylic 4 0 31
Others 2 0 0

Wool's share of the market is
decreasing overall, but wool is still the
major fibre for woven carpets and is
increasingly used in tufted constructions
in Western Europe. The development of
stain-blocked nylons has given further
impetus to polypropylene and polyester
because of their inherent stain-blocking
properties.

Fibre blends are important in the carpet
industry and many are peculiar to this
end use. The 80/20 wool/nylon mixture is
common, particularly in the UK, but
blends containing polypropylene are
currently being developed and
promoted.

Fastness requirements

In common with other types of
furnishing fabrics, a high level of light
fastness is required in finished carpets.
Other properties of importance are
fastness to wet and dry rubbing,
shampooing and water (or sea water).
The application of stain-blocking finishes
also requires the use of fast dyes. For
contract end uses, such as aircraft carpets,
when flame-retardant finishes are
applied, the dved material must also be
fast to these finishes.

Dyes selected for carpets to be given a
subsequent elastomer treatment as a
foam or latex must withstand the
necessary curing conditions. The
presence of copper or manganese ions as
impurities in the dye may adversely
affect the latex curing process.

Design and colour matching

Designing carpets is a specialised field;
the factors taken into account include
product appearance, wearing properties
and the fastness. Whilst the number of
colours used in Wilton and tufted designs
is limited, an Axminster design can
contain at least 50 distinct colours. These
often comprise subtle combinations of
colour and graded ranges so that shade
matching and continuity of colour must
be of a high order. Slight variations in one
colour can result in an overall significant
change in appearance of the carpet. In
addition, carpets may be cut from a
number of rolls so that, in general and
with contract qualities in particular,
colour matching in the carpet industry is
very exacting, Tuft end matching must be
carried out for cut-pile qualities.

The use of colour atlases or specifiers
can assist in the selection and
communication of colour ideas from
designers to manufacturers and colourists
[1]. The Chromatone Carpet Colour Atlas
has been specifically developed, using
dyeings on wool yarn, to assist in this
way. The colours selected from the atlas,
or from other sources, can then be
matched and formulations provided
using instrumental colour formulation
technology [2]. For carpets special
attention must be given to the
preparation and presentation of the
sampies for measurement by the
spectrophotometer if reproducible results
are to be obtained.

Modern developments in colour
measurement have made it possible to
control colour continuity to finer limits.
Instrumental quality control of colour is
now well established and can yield
significant cost savings and quality
improvements. The use of single-number
shade passing and colour sorting can
greatly improve the consistency of colour,
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and this technology has been developed
to an advanced stage [3].

SECTION 2 - FIBRE AND YARN
DYEING

Fibre dyeing

Fibre dyeing methods are important and
widely used for the production of yarns
for plain carpets for both woven and
tufted constructions. By this means a
high standard of both levelness and
fastness can be obtained, any unlevelness
being corrected by blending and
spinning. The loose-stock dyeing method
is also used for the manufacture of
multicoloured yarns for the production of
tweed or heather mixture effects.

In this latter area the development of
the Wooltweed concept has been a
marked success, in which a large range of
colours and effects can be produced from
20 to 25 loose-stock-dyed basic colours [4].
A fashion-oriented product has been
produced which complements the
traditional Berber styles. Software is also
available to allow fibre blending to be
carried out using instrumental colour
formulation systerns; this technology can
be used to predict the proportions
required of the various fibre-dyed shades
to match a given blended sample [4].

Fibre dyeing is appropriate when large
weights of fibre per colour are required.
The methods and machinery employed
together with an indication of the dye
selections and application techniques
have already been discussed in detail [5].
With a fibre such as wool, developments
to conserve fibre properties have
included low-temperature dyeing
techniques and the use of the WRONZ
Soft-Flo system. This latter device
regulates liquor flow in the dyeing
machine, high flow rates being used only
during critical stages of the dyeing cycle.
The equipment also gives a saving in
energy, is microprocessor controlled and
can be retrofitted to existing machines.

A continuous dyeing range has been
developed by Smith Whitworth for both
natural and synthetic fibres using
dielectric heating for dye fixation. A
production rate of 750 kg/h can be
achieved with savings in labour, energy,
water and effluent compared with
conventional methods.

It should be stressed that the finish
applied after fibre dyeing is an important
factor since it is unlikely to be removed by
scouring in a later process, if dry-spun
yarns are used for tufting. Thus products
that give adverse soiling or static
properties must not be used. Uneven
application may also result in stripy
carpet, a particular fault in plain colours.

Yarn dyeing

Hank dyeing is widely used for the
production of yarns for Axminster
weaving, The technology employed in
the dyeing of carpets yarns in hank form
is basically similar to that described
elsewhere [6]. With yarns spun in oil
adequate scouring before dyeing is
essential to minimise the risk of stripiness
in the carpet as a result of differential
soiling during wear. Uniform
hydroextraction is desirable before
thermal drying on poles, since
differential moisture content at this stage,
leading to variations in yarn tension, may
also cause stripiness.

Circulation in conventional hank-
dyeing machines may be relatively poor.
Exceptionally large hank-dyeing
machines have been developed
specifically for carpet yarns. For these
machines in particular, level-dyeing
performance is an essential criterion for
dye selection. Several machines may be
linked together to accommodate up to
4000 kg loads; in such units circulation
between the vessels must equal that
within each machine.

In view of the design characteristics of
Axminster carpets, a large number of
relatively small dye lots are also required
so that the carpet hank dyehouse usually
has a wide spread of machine sizes.

The development of very large or
‘jumbe’ hanks, weighing up to 10 kg has
reduced the handling required for a
given weight of yarn. Jumbo hank
processing can be introduced into the
dyehouse without capital expenditure,
improved or modified winding
machinery being the only additional
requirement. Indeed, the introduction of
jumbo hanks has been a major
contribution to the low penetration of
package dyeing for carpet varn
processing, since many of the advantages
and savings associated with the latter can
be obtained from the jumbo hank.

Dyeing machinery developments have

centred on the need for larger sizes of
Hussong-type vessels, together with the
use of hank carriers in high-temperature
circular machines to allow polyester
yarns to be dyed. Improved drying
equipment has also become available. In
addition, radio-frequency (RF) drying, as
illustrated in Figure 2, is now widely used
as a final drying process for hanks.

Minnetti has developed handling
devices that allow hanks to be
automatically loaded onto the frames of
the dyeing machine and then after
drying to be squeezed, unloaded, dried
and the hanks packed into bags. This
robotic system has been adopted by a
number of carpet yarn dyehouses.
Wool/nylon blends, often in proportions
of 80/20, are important in the carpet
industry. Successful dyeing to obtain
solid colours on the two components of
the blend depends on careful dye
selection and the use of an appropriate
blacking agent to restrain the dye from
the nylon [7].

Package dyeing of carpet yarns

There has been much discussion over the
years about the viability of package
dyeing methods for carpet yarns. Interest
has been further stimulated since itis a
method that lends itself to ‘quick
response’ to market demands and
fashion trends. In general the carpet
industry has been slow to adopt this
technology, although there is now
renewed interest, partly because many of
the traditional hank dyehouses are
nearing the end of their useful life. The
introduction of jumbo hank technology
also reduced the need to consider
package dyeing.

The technology and advantages of
package dyeing of carpet yarns have
been well documented in a number of
papers [8-10]. There are several
advantages in the areas of yarn and
carpet manufacture and production
planning,. As far as dyeing itself is

Figure 2 Radio-frequency dryer for hanks of carpet yarn (photo courtesy Strayfield Inter-

national)
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concerned the main advantages could be

summarised as:

* less handling and labour

*» high fasiness properties with high
degree of levelness

* improved reproducibility

* large batches produced

+ elimination of scouring since dry-spun
yarn should be used

+ improved working conditions for
operatives

*+ high-temperature dyeing possible

+ automated hydroextraction and RF
drying

*+ savings possible in dyes, chemicals,
water, effluent, steam and space

Savings in handling are a major
contribution since hanks can be handled
up to eleven times during the dyeing
process, and this is reduced to four or five
times in the package route. Package
weights in the range of 1-5 kg can be
prepared on a variety of package centres
for both staple and continuous filament
yarns, and these are ideal for direct
tufting. Factors of importance in package
dyeing include package size and density,
type of centre used, type of winding
machine, winding tension, compression
of packages on the dyeing spindles by
press packing, liquor flow rate and
reversal sequence [6].

Most, if not all, yarn types can be
package dyed. The method is extremely
useful for dyeing singles yarn, used in
making marl or ‘stipple’ yarns for either
weaving or tufting, often for contract end
uses. Intermingled yarns containing
differential-dyeing components, in
continuous filament form, are available
from several fibre producers and these
can be dyed with advantage in package
form ready for tufting.

The traditional types of package dyeing
machine can all be used for carpet yarn
production. Many machines are now
available that can dye at liquor ratios
down to 4:1, with savings in resources [6].
Horizontal-loading machines, such as
those produced by Longclose and Obem,
allow the advantages of press packing to
be maintained but do not require the
large headroom or pits associated with
the more conventional types of machine.

Package dyeing machines are
amenabile to a high level of automatic
control which, when coupled with an
appropriate dye selection, application
technique, loading and liquor ratio, flow
sequence and time/temperature profile
will lead to a high degree of
reproducibility and ultimately to the use
of blind dyeing techniques.

Rapid drying techniques, although
costly in energy, will conserve the
integrity of the package with reduced

labour costs. Alternatively, automatic
centrifugal extraction machines, such as
the Dettin Berta 24, coupled with RF
drying methods offer an extremely cost-
effective drying system while conserving
the properties of the fibre.

Automatic loading and unloading
systems with the use ot robotics have
been developed by a number of
companies. A major point of discussion is
the pay-back period for equipment,
which is much longer than for simpler
machine control equipment.

Despite all these advantages, there has
as yel not been a widespread adoption of
the technigue. This is largely due to the
high cost of the plant, the installation
costs, the current economic climate and
the fact that many of the advantages of
package dyeing can, in part, be achieved
by the use of jumbo hank processing
without the need for major investment.
This situation may change with the
demise hank-dyeing equipment.
Furthermore, the ever escalating costs of
resources such as water, effluent disposal,
energy and labour may also alter the
calculations as regards viability.

A number of companies have,
however, used the technique successfully
and some of the published information is
based on practical experience [10].

Continuous yarn dyeing

Several attempts have been made over
the years to produce continuous dyeing
processes for varn, without significant
cornmercial success. However, Superba
has developed continuous dyeing
equipment and Mageba has
demonstrated that yarn can be processed
onits narrow fabric ranges.

The setting of twist in carpet yarns is
carried out for a variety of reasons
including :

* theimprovement of tuft definition in
cut-pile carpets

* the development of special pile
textures to improve carpet stability in
piece dyeing or printing

+ the improvement of appearance
retention during wear.

The process is usually carried out in hank
form, either in hank dyeing machines or
in basket cages, using boiling water (with
or without chemical addition), in
autoclaves or in tape scouring machines.
Yarn setting can also be carried out as an
integral part of yarn package dyeing. A
continuous process based on a four- or
five-bath unit for the package-to-package
processing of yarn has been developed,
called the ANDAR/WRONZ Chemset
process [11,12]. This reduces handling
since it takes yarn on a twister or
spinning package, scours, sets, insect-

resists, dries and backwinds the yarn
onto package ready for tufting. Chemical
setting depends on the use of sodium
bisulphite at pH 7.0.

The introduction of this technique has
given impetus to the production of wool
carpets by the piece dyeing and printing
routes. If stock-dyed material is to be set
by this method, careful selection of dyes
is necessary to avoid colour changes
during the chemical processing.

Dye selection and application

The dye selection and application
methods have been discussed eisewhere
for fibre methods and for yarn dyeing,
and this information is still largely valid
[53,6]. Increasing use has been made in
both wool and nylon dyeing of acid
donors, which allow the pH to be
developed as dyeing proceeds. Several
developments in wool dyeing for carpet
use have occurred, many of which are
designed to minimise fibre damage.
These include dyeing at low
temperatures and dyeing in the pH range
of 4.2-4.8 [13]. Low-chrome methods
have been introduced to minimise the
effluent load when using chrome dyes.
Rationalised dye ranges containing
compatible dyes have also been
introduced, notably the Lanaset (CGY)
and Sandolan MF (S) dyes, together with
the Lanasan CF (5) concept.

In Part 2 we will consider batchwise piece
dyeing procedures and some of the
services that are essential for a successful
carpet dyeing operation.

The author wishes to acknowledge the
valuable assistance of Mr K Dunkerley in
preparing the manuscript.
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