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The use of polyester fabrics in a project to investigate the application of real wax batik print styles
necessitated the application of a low-temperature dyeing technigue. Consequently an ultrasonic
dyeing method was explored, in which the use of appropriate pre-swelling of the substrate had been
reported to give acceptable shade depths at 50°C. Experiments involving three separate disperse
dyes demonstrated little advantage for ultrasonic dyeing over conventional methods, particularly
when carrier was incorporated into the dyebath. The depths of shade obtained were considerably
inferior to those achievable in commercial dyeing at the boil with carrier included.

INTRODUCTION

Polyester is a structurally compact fibre with a high level
of crystallinity and without recognised dye sites. It can be
dyed using disperse dyes from aqueous dispersions with a
carrier at 100°C, but is preferably dyed at 120-140°C under
pressure or by Thermosol {thermofixation) dyeing at 175—
210°C. Alternative methods of dyeing have been explored
and include work carried out by Saus et al. [1,2] and
Saligram et al. [3]. Saus investigated the use of supercritical
carbon dioxide to dye polyester and other compact fibre
structures (such as aramids) with disperse dyes. Carbon
dioxide was used as a medium to replace conventional
high-temperature aqueous dyeing. The technique is
claimed to be more environmentally friendly. Saligram, on
the other hand, attempted to dye polyester using an
ultrasonic technique at 45-50°C, the optimum temper-
ature range to give the cavitation effects in water
identified as being essential to promote the dyeing process

The possibility of dyeing polyester at 50°C would be
ideal for applications such as resist printing using real
wax. Real wax resist printing is being utilised to produce
what are called African prints and batik styles. At the
moment the common materials used are cotton, viscose
and silk, where the over-dyeing can be carried out at low
temperature to prevent the melting of the wax resist.
Although the batik style is classified as a printing tech-
nique, the normal application of colorants can involve
dyeing and/or printing. Printing also includes the
application of the wax itself to replace the printing paste
involved in conventional printing.

The problem encountered in batik printing on poly-
ester and polyester/cotton blends is that at elevated temp-
eratures wax will melt, and so the resist effect will be
destroyed. The melting of the wax can be avoided either
by lowering the dyeing temperature (i.e. requiring a
modification in the method of dyeing the polyester with
disperse dyes) or by obtaining wax capable of
withstanding conventional dyeing processes on polyester
(i.e. a modification of the wax type used). The aim of the
present work was to explore the former approach. An

ultrasonic dyeing technique was applied to polyester
fabric pre-printed with the wax resist. Besides applicability
in batik printing, there is some potential for this technique
in low-energy dyeing processes for polyester.

APPLICATION OF ULTRASOUND IN WET
PROCESSING

Evaluation of previous work
According to Thakore et al. [4], the most promising use of
ultrasound in textile wet processing is in dyeing. The first
workers to study the possibility of dyeing textiles using
ultrasound were Sokolov and Tumansky [5]. Brauer [6]
evaluated the use of this method to reduce the time of vat
dyeing on cellulosics. Rath and Merk [7] studied the
effects of audio (1 and 8 kHz) and ultrasonic (22-175 kHz)
waves dyeing cotton, viscose and wool using direct and
acid dyes respectively. They also studied the adsorption of
disperse dyes on cellulose acetate. Their studies showed
that low-frequency waves only marginally affected the
dyeing rates of direct dyes, but had considerable effect on
the adsorption of disperse dyes onto cellulose acetate.
Alexander and Meek used 17.3 kHz waves created with a
magnetostrictive device {8]. They dyed cotton with direct
dyes, wool with acid dyes, and polyamide and acetate
fibres with disperse dyes. Their observations revealed that
significant increases in rate of dyeing were obtained with
disperse dyes on polyamide and acetate, and they
concluded that ultrasound is more beneficial to
hydrophobic fibres dyed with water-insoluble dyes.

Other studies on the potential use of ultrasound baths
have been reported in the literature [9-16].

The ultrasonic process

The term ultrasound refers to sound of very high
frequency, above the normal range of human hearing. The
ultrasonic waves can be focused, reflected and refracted
but require a medium with elastic properties for
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propagation. When they are propagated through such a
medium, the medium’s particles oscillate and transfer
energy in the direction of propagation.

In a solid both longitudinal and transverse waves can
be transmitted, whereas in gases and liquids only the
longitudinal waves are promoted [17]. In liquids longi-
tudinal vibrations of molecules generate compressions
and extensions, giving rise to cavitation, which is the
formation of microscopically small bubbles. In turn, these
expand and collapse violently during compression phases,
generating shock waves [4]. Another phenomenon related
to ultrasound is microsteaming, where a large amount of
vibrational energy is put into relatively small volumes
with little heating,

The combined effects of cavitation and microsteaming
result in intermolecular tearing and surface scrubbing
[18,19]. Work done by Saligram ef al. showed that the
optimum cavitation effect occurs at a temperature of 45—~
50°C [3]. According to Last and McAndless [20], the useful
cavitation frequencies are in the range of 5-50 kHz.
Cavitation occurs at higher frequencies, but is not so
effective in terms of the propagation of shock waves
(bubbles produced are too small to be of value). At the
lower frequencies there is more cavitation but too much
noise is produced for practical purposes.

It has been suggested that ultrasound could have three
advantages in dyeing [3,4,10,15]:

(a) Dispersion, breaking up of high rm.m. aggregates

(b) Degassing, expulsion of dissolved or entrapped air
from fibre capillaries

{(c) Diffusion, accelerating the rate of diffusion of dye
inside the fibre.

In the case of the dyeing of polyester fibres with disperse
dyes, disaggregation of the dye assists dye uptake. The
removal of any entrapped air facilitates the fibre diffusion
process and the ability to induce this diffusion at low
temperature would be beneficial.

EXPERIMENTAL

Equipment and materials

Ultrasonic dyeings were undertaken using a Kerry KS 451
ultrasonic bath rated at 38 kHz, powered by a Pulsaton
Generator, type KS 375. This unit was chosen because it
was readily available commercially and it emitted a noise
level that could still be considered acceptable on health
and safety grounds with the appropriate ear protection.
Conventional dyeings were carried out on a John Jeffreys
Ether Mini Dyer with full temperature control.

The polyester fabric used was a plain-weave 142 g/m?
construction, with 147 warp and 107 weft threads per
centimetre. The dyes used (all Zeneca) were Dispersol
Blue B-2G (CI Disperse Blue 26:1} rm.m 298, Dispersol
Navy D-3GR (CI Disperse Blue 79:1) rm.m. 323, and
Dispersol Orange B-2R (CI Disperse Orange 25) rm.m.
640.
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Fabric pretreatment

Previous work indicated the need to pre-swell the
polyester fibres in a suitable solvent [3]. Prior to the
swelling treatment a pre-scour was applied using 0.5 ml/l
nonionic detergent for 15 min at 50-60°C, followed by
rinsing and drying.

A preliminary trial was undertaken to establish the
need for the chemical pre-swelling of the polyester fibres.
Fabrics samples were treated in four different solvents at
different swelling times and temperatures. The solvents
used were methanol, acetone, n-propanol and benzyl
alcohol, and treatment times of 1-5 h were used at
temperatures ranging from 20 to 50°C. In addition, with
benzyl alcohol a swelling time of 1 h at 100°C was used.

Various centrifuge and mangling techniques were
employed to achieve an even solvent distribution. The
most effective method was found to be squeezing to give a
wet pick-up of around 80%, followed by hot and cold
rinsing, a final centrifuge and air drying.

Dyeing procedures

All dyeings were undertaken with a 2.0% o.wf. dye
concentration at a liquor ratio of 50:1. Each dyebath
contained 1.0 ml/l dispersant (0.1% o.w.f) and dyeings
took place with and without the inclusion of the carrier
Matexil CA-MN, an anionic methyl naphthalene formul-
ated as an emulsifiable liquid (1% o.w.). Conventional
dyeings were carried out for 30 and 60 min at 50 and
100°C. Ultrasonic dyeings were performed only at 50°C,
but again using 30 and 60 min dyeing times. After dyeing,
the samples were hot (50°C) and cold rinsed, then finally
air dried.

Pre-swelling conditions

Initial trials to establish the pre-swelling conditions used
Dispersol Blue B-2G in a conventional dyeing at 100°C
with and without carrier and in ultrasonic dyeing at 50°C.
The K/S values at 1, (wavelength of maximum
absorption) were measured for each fabric after dyeing,
using a Spectrogard Color system (Pacific Scientific).
When these results were expressed as a percentage depth
of shade compared to a standard (taken as the conven-
tional dyeing at 100°C with carrier), it was seen that
prolonging the time of dyeing to 60 min at 50°C improved
the colour strength only slightly in both conventional and
ultrasonic dyeing (Table 1). Raising the temperature to
100°C for conventional dyeing appreciably improved the
depth of shade but only when dyeing for 60 min. Further
improvement in the shade could be obtained by adding
carrier to the dyebath, but its effect was less marked in the
ultrasonic baths.

All the above work in developing the control samples
excluded the pre-swelling treatment previously found to
be essential [3]. In order to establish the appropriate
swelling conditions, Dispersol Blue B-2G was applied to
pre-swollen samples using conventional dyeing for 60 min
and ultrasonic dyeing for 30 min, both at 50°C. Varying the
swelling times from 1 to 5 h had little effect on the



Table 1 K/Svalues of Dispersol Blue B-2G — control samples, expressed as percentage of standard

Conventional Ultrasonic
Dyeing
temp(°C) 30min 30min+C &0min 60min+C 30min  30min+C ©60min 60min+C
50 2.91 11.33 3.07 11.65 0.31 0.56 0.69 0.70
100 3.40 12.14 7249 100
C = carrier

Table 2 Average K/S values for conventional dyeing and
ultrasonic dyeing without carrier

Average K/S values

Swelling Swelling Conventional  Ultrasonic

temp. (°C) chemicals (60 min) (30 min)

25 Acetone 0.31 0.30
Propan-1-ol 0.18 0.21
Methanol 0.30 0.26
Benzyl alcohol 0.56 0.50

40 Acetone 0.30 0.31
Propan-1-ol 0.19 0.22
Methanol 0.18 0.22
Benzyl aicohol 0.61 0.64

50 Acetone 0.43 0.31
Propan-1-ol 0.32 0.24
Methanol 0.26 0.20
Benzyl alcohol 0.69 0.68

resulting K/5 values. Consequently the K/S values
obtained by swelling for various times were averaged and
are shown in Table 2 against the associated swelling
temperatures. The results show that benzyl alcohol was
the preferred solvent for pre-swelling, with pre-swelling
at 100°C giving the best result. Comparison between
ultrasonic dyeing for 30 min at 50°C on the pre-swollen
and unswollen substrates showed that the swelling
process created a 54% improvement in the depth of shade.
However, relative to the standard chosen in Table 1,
depths were still very much inferior.

Dispersol Orange B-2R and Dispersol Navy D-3GR
were later added for evaluation in dyeing using
conventional and ultrasonic techniques.

In all these experiments the longer dyeing time was
used at 100°C only during conventional dyeing. At 100°C
the need for carrier became more pronounced as the dye
molecular size increased, and with Dispersol Navy D-3GR
(class D dye) in particular its inclusion markedly improved
the colour yield.

Conventional versus ultrasonic techniques

Using the pre-swelling techniques identified, a direct
comparison was then made of ultrasonic versus
conventional dyeings at 50°C. Conventional dyeings were
undertaken with and without carrier for 60 min only, but
ultrasonic dyeings were performed at both 30 and 60 min.
In addition a 0.13% carrier solution (the same

concentration as that used in the dyebath) was introduced
into the swelling bath used on certain samples to establish
whether its use might then prove more effective at 50°C.

RESULTS AND DISCUSSION
In Figures 1 and 2 the relative depths of shades obtained
for Dispersol Blue B-2G during the various dyeing
processes are schematically represented. Both the
unswollen and swollen substrates are depicted. These
plots allow the relative performance of conventional and
ultrasonic dyeing techniques to be evaluated in terms of
the influence of time, temperature and presence of carrier.
At 50°C the unswollen fabric samples gave very low K/S
values, considerably inferior to the values obtained in
dyeing at 100°C, with or without carrier. The ultrasonic
dyeing technique did give marginally the better results
when carrier was absent from the baths, but still much
worse than the identified standards. Pre-swelling the
fabric noticeably improved the depth of shade achieved
by both dyeing methods, rendering the results obtained in
each case to be similar, but again not commercially
acceptable.
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Figure 1 Relative percentage depth of shade of Dispersol Blue B-2G
(control unswollen samples); all dyeing at 50°C uniess otherwise
stated
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Ultrasound 30 min with carrier in swelling bath
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Conventional 60 min with carrier
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Conventional 60 min with carrier in swelling bath
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Conventional 60 min at 100°C {unswollen sample)
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Figure 2 Relative percentage depth of shade of Dispersol Blue B-2G
(pre-swollen samples); all dyeing at 50°C unless otherwise stated

Similar trends were observed for the other two dyes
investigated.

The effect of increasing the dyeing time during
ultrasonic dyeing produced only marginal improvements
in the depth of shade obtained. By far the greatest factor
influencing dyeing performance was the inclusion of
carrier in the dyebath. However, at 50°C, although its use
gave noticeable improvements in depth, the results were
still poor. In fact only Dispersol Blue B-2G, a relatively low-
energy dye, gave K/S values above 14% of standard depth,
approaching one-third standard depth when carrier was
used for the longer dyeing time.

CONCLUSIONS

This work has attempted to evaluate the possibility of

using ultrasonic techniques for effective low-temperature

dyeing of polyester. The results obtained were not
encouraging for the following reasons.

(a) The ultrasonic dyeing depends very much on a pre-
swelling process that would be both expensive and
difficult to carry out commercially (particularly in
terms of health and safety aspects).
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{(b) Performance also depends on the energy levels of the
dyes used. The results obtained for the dyes of higher
rm.m. were very much worse than those obtained
when using carrier at the boil (although raising the
dyeing temperature would be expected to provide
notable improvements in depth).

(c) Little advantage would be gained over conventional
dyeing methods, particularly when carrier was
incorporated in the dyebath.

An ultrasound dyeing unit with a lower frequency level
(around 26 kHz), to generate more pronounced cavitation
effects, may have given better results. However, the unit
chosen had a frequency rating that was both readily
available commercially (38 kHz) and could still be con-
sidered operationally viable. The noise levels associated
with lower frequency units would be unacceptable in
commercial use.

In order to satisty the specific aim of this work, to
explore the possibilities for batik styles on polyester or
polyester/cotton substrates, the authors are now investi-
gating the use of high-temperature waxes, and this will be
reported at a later date.
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