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Research into wool coloration at
the CSIRO Division of Wool

Technology
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The Australian Commonwealth
Scientific and Industrial Research
Organisation’s Division of Wool
Technology is the largest wool research
laboratory in the world. The Division
of Wool Technology was formed in
January 1988 by amalgamation of the
former Divisions of Textile Industry
and Textile Physics with the Wool and
Leather Sections of the Division of
Protein Chemistry. The new division
forms part of the wool business system
incorporated in the CSIRO Institute of
Animal Production and Processing.

The three original laboratories were
established in 1950, following a deci-
sion of the Australian Commonwealth
Government in 1944 to take the
initiative in fostering off-farm wool
research. Then as now, wool process-
ing and product research is crucially
important if the demand for Australian
wool is to be maintained and increased.

Currently, the CSIRO Division of
Wool Technology is staffed by approxi-
mately 400 people working in three
laboratories. At Ryde in New South
Wales in the former Division of Textile
Physics, research is conducted into all
physical aspects of measurement,
processing behaviour and textile
properties. Work at the former Division
of Textile Industry in Belmont, Victoria,
is concerned mainly with fibre struc-
ture and textile processing. The
Parkville laboratory, formerly the
Division of Protein Chemistry, was
closed at the end of December 1991
and the projects on wool chemistry
and structure and the associated staff
positions were transferred to the
Belmont laboratory. The processing of
leather and sheepskins is now re-
searched in a new laboratory at
Clayton in Victoria.

Although CSIRO is an Australian
Government Statutory Corporation,
funding is actively sought from
industry. In the Division of Wool
Technology, approximately 64% of the
annual budget of $A36 m is financed
from external sources. Most of the
external support is obtained from the
Australian Wool Research and Devel-
opment Corporation, which adminis-
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One of the larger dyeing machines in the wet processing pilot plant

ters funds raised by a levy on the value
of Australian wool sold.

The CSIRO Division of Wool Tech-
nology has a close working relation-
ship with the llkley Development
Centre of the International Wool
Secretariat. This arises because the IWS
is also substantially financed by
Australian woolgrower levy contribu-
tions that are administered by the
Australian Wool Corporation. The roles
played by the two organisations are
somewhat complementary. CSIRO is a
science-based research body with a
strong commitment to the adoption of
its research by industry, whilst IWS is
mostly concerned with quality control,
technology transfer and product
development. Meetings are held in
May each year to coordinate the
activities of the two bodies, which are
financed from Australian sources.

The research programs at the
Belmont laboratory have always
contained a wool coloration compo-
nent. Over the years, a wide range of
topics have been covered in both
dyeing and printing and as a result of
this work a number of new processes
and pieces of equipment have been
introduced into industry. A list of the
broad areas in which research has been
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published is as follows:
Continuous top dyeing
Continuous loose stock dyeing
Continuous single-end yarn dyeing
Low-temperature dyeing
Vigoureux printing
Pigment coloration
Solvent dyeing
Resist dyeing
Blend dyeing, especially wool/
polyester blends
Dyeing mechanisms, both low-
temperature and conventional
Bleaching
Prevention of actinic degradation
Preparation for printing on wool
Melt transfer printing of wool
Sublimation transfer printing of wool
Printing of wool/nylon blends

Currently, research and develop-
ment on the coloration of wool at the
Belmont laboratory is carried out by
eleven technical and professional staff.

In planning the research effort to
meet the challenges of the 1990s, three
main issues are receiving special
attention. These are the maintenance of
the quality of dyed wool, the minimisa-
tion of the impact of wool dyeing upon
the environment and the development
of new wool products through novel



coloration effects. Substantial recent
progress has been made in the area of
improving the quality of dyed wool
and work on two projects in this area
will now be discussed in detail.

Dyeing wool at temperatures below
boil

It has been recognised for many years
that canventional methods of dyeing
wool at the boil can cause considerable
fibre damage. The amount of damage
incurred is greatest when prolonged
dyeing cycles are used and when the
pH of the dyebath is outside the
isoelectric region of wool (around pH
4-5). Damage in dyeing can adversely
affect yields in mechanical processes
such as carding and combing, and
productivity in spinning and weaving
[1]. An unacceptable level of yellowing
and an impairment of end-product
properties, for example abrasion
resistance and burst strength, can also
occur as a result of conventional
dyeing cycles [2].

Fibre damage caused by dyeing is
known to be reduced markedly when
wool is dyed at temperatures below the
boil. Several methods of dyeing wool at
85-90°C have been proposed [1,3].
These have not been widely used,
however, because of limitations on the
types of dyestuffs and depths of shade
that can be used to produce satisfactory
dyebath exhaustion and fastness
properties [4].

The program at the CSIRO Division
of Wool Technology, aimed at develop-
ing a new method of dyeing wool at
sub-soil temperatures, initially concen-
trated on two studies on the mechan-
ism by which dye molecules penetrate
waool fibres. These investigations were
necessary because workers had hith-
erto failed to resolve, unequivocally,
the mechanism of wool dyeing.

The first approach used a transmis-
sion electron microscope (t.e.m.)
together with specially synthesised
dyes [5]. The metal-complex dyes
contained platinum, palladium or
uranium atoms, but in other respects
were similar to conventional, anionic
wool dyes. The nuclear-dense, heavy
metal atoms on the model dyes have a
high electron-scattering power; this
property enabled their location on the
fibre to be determined with the TEM at
different stages of a dyeing cycle. The
high resolution of the TEM clearly
showed the dyes entering the wool
fibres at the junctions between cuticle
cells (scales) and not by diffusing
through the scales. Furthermore, this
study demonstrated the importance of
the nonkeratinous regions of wool as

pathways for dye diffusion throughout
the fibre cortex, in the early stages of
dyeing. The nonkeratinous compo-
nents of wool include the cell mem-
brane complex, endocuticle,
intermacrofibrillar material and nuclear
remnants. As the dyeing cycle pro-
ceeds, however, it was found that dye
progressively transfers from the
nonkeratinous regions into regions that
contain sulphur-rich proteins, namely
the matrix within the cortical cells and
the A-layer of the exocuticle. Finally, at
the end of the dyeing process the
nonkeratinous regions, which were
important in the early stages of the
dyeing cycle, are virtually devoid of
dye. The second approach to elucidat-
ing the mechanism of wool dyeing
employed u.v. fluorescence microscopy
to follow the diffusion of commercially
available fluorescent anionic dyes into
wool {4,6-8]. Although the lower
resolution of the light microscope,
compared with the t.e.m., restricts the
amount of information that can be
obtained by this technique, the results
showed that the above mechanism for
dye penetration inte wool also applies
to conventional wool dyes.

4411 several conventional dyeing
methods, distortions intro-
duced during dyeing have
undesirable effects on the
appearance of finished prod-
ucts, but permanent setting of
distortions into yarns and
fabrics can be avoided withanti-
setting dyeing technology. 7’

The fundamental studies on the
mechanism of dye diffusion into wool
led to several new approaches by
CSIRO for dyeing at temperatures
below the boil. These are based on
modifying the cell membrane complex
in an attempt to enhance diffusion
rates inside the fibre early in the
dyeing cycle, by pretreatment with an
enzyme, a polar organic solvent or a
certain type of surfactant [3]. The
proteolytic enzyme Pronase removes
lightly cross-linked proteins from the
nonkeratinous regions of the wool.
Polar organic solvents, such as n-
propanol/water or formic acid, extract
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both keratinous proteins and lipids
from these regions. Both types of
pretreatment increase the rate of dye
uptake by wool. A low-temperature
dyeing procedure based on an enzyme
treatment is impracticable, however,
because long pretreatment times are
required to produce significant im-
provements in dyeing rate. Cost and
environmental considerations preciude
the use of pretreatment involving
organic solvents.

Protein and lipid materials can also
be removed from biclogical membranes
by extraction with certain surfactants.
Thus, a novel method of dyeing wool
at temperatures below the boil has now
been developed, based on an aqueous
pretreatment (or medified scour) under
mildly alkaline conditions with a
special type of amphoteric surfactant
[1,3]. The method is called the Sirolan
LTD process. In the early version of this
method, the pretreated wool was dyed
from a fresh liquor at pH 4.5; this was
necessary to avoid suppression of dye
exhaustion by residual surfactant in the
dyebath. Further work, however, has
led to the development of an improved
version of the surfactant that does not
retard dye exhaustion. This modifica-
tion enables the pretreatment and
dyeing to be carried out from the same
liquor. The original, two-stage, method
can still be used whenever this is more
convenient; for example, piece goods
may be scoured and pretreated, dried
and stored until required for dyeing. In
this instance, the effect of the
pretreatment on the dyeing properties
of wool is stable to prolonged storage.
Besides increasing the dyeing rate and
dyebath exhaustion at sub-scil tem-
peratures, the pretreatment improves
the evenness of dye sorption along
fibres, compared with untreated wool.
An important consequence of the
improvement in levelness is the
superior coverage of affinity differ-
ences between fibre roots and tips.
Mostly, the degree of coverage is better
than that obtained with conventional
levelling agents at the boil. Wool dyed
by the Sirolan LTD process at 85-90°C
has fastness properties that are compa-
rable with those of wool dyed for the
same time at the boil.

Extensive industrial trials in the
woollen, semi-worsted and worsted
sectors of the industry have shown that
wool dved by the new method has
improved processing performance and
gives higher vields, compared with
material dyed at the beil [1]. An
important advantage of the Siralan
LTD method of dyeing wool is that
level dyeings are obtained without
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addition of electrolytes, such as sodium
sulphate, to the dyebath. Furthermore,
very high levels of dye exhaustion are
usually obtained, even with heavy
shades. These features result in a
reduced effluent load, compared with
other wool dyeing methods.

Micrographs of wool fibres in the very early
stages of dyeing with a fluorescent dye show
the difference in evenness of uptake of the
dye. Fibre (A) was dyed by a conventional
method and fibre (B) by the Sirolan LTD
method

The Sirolan LTD process is currently
being commercialised. An agreement
has been signed with a chemical
company, which will manufacture the
special auxiliary under licence. The
process will be launched, initiaily in
Australia, in early 1992.

Anti-setting dyeing technology
Work at CSIRO during the last seven
years has identified that permanent
setting of wool fibres during dyeing is
a major factor that contributes to
deterioration of the quality of dyed
wool. This is quite separate from
hydrolytic degradation of wool pro-
tein, such as amide bond hydrolysis,
that also affects wool quality. This
approach offers an alternative to low-
temperature dyeing as a means of
combatting changes to wool fibre
properties which occur during dyeing.
Methods which inhibit permanent
setting of wool fibres during dyeing
have been developed and these are
now referred to as ‘anti-setting dyeing
technology’. Through the course of the
research we have kept IWS informed of
progress and during the last two years,
work at the IWS llkley Development

Centre has been dove-tailed with the
CSIRO research programme.

Anti-setting dyeing technology
consists of dyeing methods that
incorporate dyebath additives to
inhibit permanent setting of wool
whilst it is being dyed. The primary
function of the dyeing assistants used
in anti-setting technology is to react
with and block thiol groups in wool.
This occurs by reaction of the anti-
setting dyeing assistant (ASA) with
thiol groups in wool.

W--SH + ASA —= W-S.ASAH

Blocking of thiol groups inhibits
permanent setting of wool by inhibit-
ing the thiol-disulphide exchange
reaction.

—§—=8,~ + —S;H —= —SH 4 —5,-S4—

The ability of wool to be set by
rearrangement of hydrogen bonds is
unaffected. Temporary set is imparted
to wool fibres every time they are wet
and dried and the configuration of the
fibres is determined by the physical
constraint present during drying.
Generally, the effects of restricting
permanent setting only become
apparent when the fibres are allowed
ta relax and dry from the wet state in a
relatively unconstrained way after
dyeing. It is only under these condi-
tions that the fibres may assume the
shapes determined by their disulphide
bond cross-links.

The key to preventing deterioration
on wool quality is the preservation of
the natural shape of the fibres. Wool

WITH ASA

fibres in their natural state are rela-
tively straight but may have a certain
amount of growth crimp, depending
on the fibre diameter and hereditary
factors. The shape of a fibre is origi-
nally ‘set’ during growth by the
formation of disulphide bonds between
the polypeptide chains as the fibres
became keratinised. The central tenet
of anti-setting technology is that
subsequent changes to the disulphide
cross-links almost always lead to
deleterious effects in processing and
product performance. Several practical
observations have been made that
support this thesis.

Sharp bends permanently set into
wool fibres during conventional dyeing
increase the probability of fibre break-
age if the fibre is straightened under
tension during processing or in
products. This is the so-called ‘wish-
bone’ effect, whereby fibre is initiated
on the inside of bends due to local
build-up of stress [9]. When loose stock
is dyed at high packing density, bends
and entanglements become perma-
nently set into many fibres and this
leads to fibre breakage during carding,
On the other hand, loose stock dyed in
the presence of anti-setting dyeing
assistant is much more open after
drying an the wool can be processed
with significantly reduced fibre
breakage. Typical results with combing
wool dyed at a density of 300400 g/l
show a 20% improvement in fibre
bundle strength, a 15% increase in
average fibre length and a 30% reduc-
tion in noil.

In conventional top dyeing, fibres
become permanently set almost

WITHOUT ASA

This shows the improved ‘openness’ of loose stock dyed with anti-setting agent (ASA), compared
with a conventional dyeing. The equal weights of fibre were dyed at a density of 400 g/!
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Some of the smaller dyeing machines in the wet processing pilot plant

straight, particularly when dyeing is
carried out at high packing densities.
This causes loss of bulk in subsequent
products. In top dyeing with anti-
setting technology, fibre growth crimp
is retained so that worsted-spun
knitted products have been found to
have higher bulk after wet finishing
than those made from conventionally
dyed top.

Irretrievable loss of bulk in yarn
during package dyeing is a conse-
quence of yarns becoming perma-
nently set in extension [10,11]. Yarns in
packages are usually extended due to
the tension applied in package wind-
ing. It has been shown that with anti-
setting dyeing technology, yarn bulk
after dyeing is comparable with that
obtained with hank dyeing, provided
that after dyeing the yarn is dried
without tension. Because of reduced
handling in suitably designed systems,
considerable cost savings can result
form the replacement of hank dyeing
by package dyeing,

Strength and elongation at break of
package dyed yarn are not decreased
to the same extent when permanent set
is restricted, as in conventional dyeing.
Applications are under investigation
with fine weaving yarns that are prone
to breakage in weaving,

In several conventional dyeing
methods, distortions introduced during
dyeing have undesirable effects on the
appearance of finished products, but
permanent setting of distortions into
yarns and fabrics can be avoided with
anti-setting dyeing technology. Several
different applications of this type have
been investigated. For example, it is
possible to decrease the severity of
running marks in piece dyed fabrics.

Loss of tuft definition is minimised
during piece dyeing of carpets made
from permanently set yarn (such as
Chemset yarn).

Weave crimp set into fabric during
conventional piece dyeing can cause
large increases in hygral expansion of
fabric during piece dyeing are re-
stricted [12]. This results in improve-
ments in both the tailoring behaviour
and garment appearance of piece-dyed
worsted fabrics.

When anti-setting dyeing technology
is used in piece dyeing, the physical
properties of fabrics (such as Stoll and
Martindale abrasion and tear strength)
are not decreased as severely as in
conventional dyeing. This is potentially
important in maintaining the strength
of lightweight fabrics,

If the temperature of dyeing is raised
several degrees above 100°C, to shorten
the dyeing time and improve the
productivity of the dyeing machinery,
anti-setting dyeing methods are
beneficial in reducing fibre damage.
Also, wool/polyester blends can be
dyed at temperatures above 100°C with
reduced deterioration in wool fibre
properties. In this application, certain
dyeing assistants are just as effective as
formaldehyde-based commercial
products that are ecologically less
acceptable.

It is anticipated that specific details
of the anti-setting technology will be
released to industry during 1992. This
is dependent on negotiations now
being conducted by CSIRO and IWS to
ensure the commercial supply of
suitable dyeing assistants. Research is
continuing to find optimal treatments
tailored to the various possible applica-
tions [13,14]. At present, there are still
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some practical limitations on the most
economical technology for the use of
certain types of dyes and dyeing
methods. Many confidential trials
already have been conducted in the
laboratory and in industry and these
have demonstrated benefits resulting
from use of the technology. Some
results from these trials have been
indicated above. When the technology
is more generally released, the tangible
benefits obtained in each particular
application will have to be assessed
against the cost of the treatment.
Currently, it appears that the anti-
setting technology may be beneficial in
a wide range of dyeing methods.
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