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INTRODUCTION
In the textile industry, fibres are wetted out, heated and
dried many times in their conversion from raw material to
final product, e.g. garment or cloth. Conventional heating
systems suffer major drawbacks in that heat |osses are high,
which is why the textile industry is one of the high users of
energy per kg of manufactured product. Thermal gradients
are impossible to overcome because a mass of fibres is not
homegeneous, and variations in the heating rate, and hence
the slowness of drying and variation in moisture regain, is a
standard phenomenon after dyeing.

The problems associated with conventional heating are
two-fold:

1. The rate of drying is related to the speed at which water
can be transferred from the inside of the fibre to the
surface, where evaporation takes place. This transfer or
diffusion is the rate-determining factor and conventional
heating in no way allows this slow diffusion rate to be
increased.

2. In conventional dyeing, bleaching and shrink-resisting
(wool), by slowing down temperature rises to avoid
thermal gradients reaction rates are reduced, and long
liquor ratios are employed to avoid unlevelness of treat-
ment.

With radio-frequency (r.f.} techniques, whether dielectric
or microwave, the majority of the above problems are
eliminated, but specific machine design and experience in
tuning the system are required to make optimum use of the
electrical energy applied. If this latter condition is fulfilled,
conversion of r.f. energy can be as high as 80%, whereas with
conventional heating systems it is no better than 37%. Thus,
despite the relatively high cost of electrical energy, the overall
thermal efficiency is higher than conventional systems using
externally generated steam, and the cost per unit weight of
fibre processed is approximately 40% of that of conventional
dyeing. The 'Fastran’ equipment described in this paper is
now commercially operating in the UK, USA, South Africa
and France.

PRINCIPLES OF RADIO-FREQUENCY HEATING

Radio-frequency heating utilizes the effect of a varying high-
frequency voltage on non-conducting (dielectric) material,
which creates cyclic strains due to rapid changes in vibrational
and rotational movement in molecules. With correct tuning
all the energy absorbed appears as heat generated within the
material. Liquid water is a8 useful medium for r.f. energy
absorption, since it is extremely ‘lossy’ and thus heat transfer
to wet textile materials is very efficient and rapid (Figure 1).
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Figure 1 — Comparison of conventional and dielectric
heating

The energy required is given by the expression:

=69.76xWx.S‘x T
60

(watts)

P

where

W = weight of material, kg
S = specific heat of material
T = temperature rise, °C

The correctness of the relationship has been confirmed
and is the basis of the practical application of the equipment
described in this paper.

With the Dawson ‘Fastran’ equipment, to utilize this
principle, and enable 80% energy conversion to be achieved,
the dielectric range of frequency {(up to 100 MHz) was selec-
ted, in preference to the r.f. microwave range (>100 MHz},
as' it allows simplicity of design and gives greater safety.
Generators are available virtually ex-stock and use a frequency
of 27.12 MHz. In choosing the system, the ‘through’ field
heating system has been utilized in which the material is
carried between two dielectric plates, spaced at the correct
distance. One plate can be moved to ‘tune’ the system; this
is carried out automatically by a servo mechanism to give
continuous control.

SAFETY ASPECTS

There has been considerable and somewhat unjustifiable
press comment, particularly in the USA, against the use of
microwave ovens. However, the 27.12 MHz frequency is
much fower than that employed in the microwave oven, and,
in fact, radiation of this frequency is used in the majority of
hospitals for deep-seated heat therapy.
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There are international safety standards to be met, e.g. the
maximum stray energy allowed is 10 mW/cm?® of exposed
equipment surface. With the Dawson equipment, the stray
energy is 0.01 mW/cm?,

DAWSON MACHINERY

Continuous Dyeing {Atmospheric)

The system has been employed to heat fibres as required, in
dyeing, bleaching and shrink-resisting. The original machine
had a throughput of 200 kg/h of dry fibre, using 24 kW di-
electric energy and two operatives. At 80% conversion
efficiency this requires 30 kW electrical energy from the
mains, and 40 kW at 60% conversion efficiency. The latter is
the figure for power consumption used for costing. In
addition, the water requirements in the above processes are
much lower, being reduced from a liquor ratio of 20:1 down
to 1:1, with a consequent direct saving in heat energy and
costs for water and effluent disposal.

It has been found that with fibres dyed in this way there
is an increase in yarn yield of approximately 4%. Cost bene-
fits, therefore, are considerable. The cost of dyeing has
been reduced to 48% of that of conventional hatchwise
dyeing and there is also the cost benefit of increased yields.

The equipment consists of a hopper feed (for loose fibre)
or creel {for tops and sliver), followed by an arrangement for
controlled delivery using, in the case of loose fibre, a chute
and photo-cell. Thence the material passes to the pad. The
impregnated fibre {1:1 liquor:material ratio) is then dropped
into a subsidiary hopper and transported hetween the elec-
trodes by a pair of PTFE-coated fibre-glass belts. The dwell
time between the electrodes is 10 min. The fibre is carried
within the confines of a rectangular cross-section glass
envelope, up to 10 min dweli time being required for the
deepest dyeings. It is then washed and finally dried.

The machinery is self sealing and there are no steam exits
from the fixation chamber. The unit has also been used for
bleaching. In both dyeing and bleaching, cost benefits are
normally considerable. In the case of bleaching, the con-
sumption of peroxide used is 70% of that in conventional
bleaching. No special ventilation of the building is necessary
as virtually no steam escapes to the atmosphere.

Transfer Printing

A second commercial machine, using an 8 kW generator was
constructed in order to print sweaters from the ‘Fastran’
transfer printing system, where up to one dozen sweaters at a
time are printed in multi-layer sandwich form, laid within the
confines of the dielectrically heated press. Again, benefits
accrue due to uniform heating, short heating time, low fiquor
ratio processing and a reduction in the number of operatives.
This machine has been operating for eight years. Additionally
a continuous printing machine is in production.

In the press itself the dielectric-heating principle is applied
by making the bed and the head the electrodes. In the full-
load position the dwell time, per sweater, is 1.25 min. Effi-
ciency in the use of paper is greatest when samples and panels
are printed; there is some wastage of paper when using it for
fuliy seamed-up sweaters.

The amount of liquor required to be applied to give the
correct water/chemical content is such that, if necessary,
sweaters can be padded and stored overnight, prior to trans-
fer printing. The printed sweaters (in the case of wool,
printed in oil) are subsequently scoured and milled in the
normal way.

Package Drying

A machine for drying packages directly from the dyeing
machine, without hydro-extraction, at a rate of 250 kg/h,
was constructed. In this case also, advantages were found
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with respect to uniformity, short dwell time and reduced
energy consumption. This is now built under licence by
Strayfield International of Reading. The machine is based on
the carouset principle and the efficiency is obtained by
circulating air under reduced pressure, whereby in the early
stages of drying {directly from the dyeing machine) the butk
of the water is sucked out. Additionally, the r.f. heating
increases the pressure within the fibre and hence physically
forces out further water long before the evaporation stage
is reached. Evaporation occurs when the moisture within the
fibre is of the order of 20—30%, depending on the fibre type.
In practice this can be double-banked and hence gives twice
the production.

A comparison with steam-heated dryers showed that
dielectric drying was three times as effective. For example,
1 kW of electrical energy from the mains would evaporate
3 kg of water from woollen yarn, whereas the eguivalent
amount of steam would only remove 0.8 kg of water. As the
machine utilizes air flow through the packages, it is possible,
by suitable adjustment of the air velocity and the electrical
energy, to dry packages at any temperature. For example, by
increasing the air flow and reducing the energy input, the
packages can be dried at 60°C; this gives benefits with respect
to colour stability and reduced fibre damage. On the other
hand, reducing air flow and increasing the dielectric energy
enables packages to be dried at 100°C.

By fitting a microprocessor control system, the machine
can he made fully automatic so that it can be programmed
according to fibre type. 1t then tunes into the load with the
correct energy and air velocity for drying at, e.g., 60°C. This
ensures the optimum use of energy and gives the benefits
mentioned above. Automation of loading and unloading is
being completed.

Continuous Dyeing {Pressurized)

As there is a demand for dyeing to be carried out above
100°C, a machine operating on similar principles as the
machine for continucus dyeing at atmospheric pressure has
been used. Here the rectangular glass envelope has been
replaced by a cylindrical tube in which the maximum temper-
ature attainable is increased by suitable pressurization within
the container through which the fibre is passed. This allows
cotton, and acrylic and other man-made fibres, to be dyed
well above 100°C. The major feature of this machine is that
the higher temperatures are achieved by allowing the steam
pressure within the fibre to rise, not by applying external
pressure. The final benefit of this is that the mass of fibres
remains very open and lofty. Thus, instead of a cake- or
mass-fibre breaker being required, the fibres can be subse-
quently processed without the tearing that would normally
occur. In addition, with pale dyeings, little or no washing
off is required due to the very high level of dye fixation.
Therefore, saving in dyes is an additional benefit.

Machines with a throughput from 15 to 500 kg/h have been
constructed that can handle tops or sliver with a Petre-type
pad. If loose fibre is involved the horizontal-type pad,
similar to that used on the lower temperature loose-fibre
machine, is used. The benefit from using this machine for
tops, apart from those aiready mentioned (low cost and
little or no effluent) is that the fibres can be spun without
recombing, normally necessary after top dyeing. This in-
creases fibre yield, and therefore reduces costs, as recombing
can remove 2 to 6% of the fibre by weight, in the form of
noil. The large machines are built under licence for Dawson
Internationa! plc by Smith Whitworth Ltd of Rochdale.

FUTURE APPLICATIONS
Currently there is interest in a garment-drying machine and
also a topdrying machine, utilizing the air-flow principle



which is the main feature of the Strayfield/Fastran ‘Carousel’
package dryer, previously described. The principle benefit in
garment drying is that after hydro-extraction, tumble drying,
paris pressing and Hoffman pressing are standard procedures,
The difficuities associated with tumble drying — contro! of
garment size and surface fibre together with wrinkling, means
that measurements and additional work have to be carried
out in order to achieve the size range for that particular
batch of garments required for sale. Additionally, because of
a combination of rib structure and plain-knitted structure in
the same sweater, there will inevitably be variations in
moisture regain within garments — either the plain-knit parts
will be over-dried, with the coliars, cuffs and welts at the
correct regain, or the plain-knit body will be adequately dry
and the coliars, cuffs and welts damp. Radio-frequency dry-
ing overcomes all three problems. After hydro-extraction,
the garment is framed and conveyed between two paraliel
plates tuned to a 27.12 MHz generator, with the result
that the moisture regain will then be absolutely uniform

throughout the sweater. At the same time, any wrinkles
will have been eliminated, and there will be no problems
regarding variation in garment size and surface fibres. Drying
becomes a two-stage instead of a four-stage process, with
consequent savings in labour and energy. Equally, as the
drying time is very short, a 15 kW generator is able to look
after the production of five garments per min. Colour varia-
tions or changes due to drying for 20 min are not encountered.

CONCLUSION
With commercial exploitation of these principles and
equipment, it is now possible to select the correct tuning
and construction of equipment to attain the optimum condi-
tions for a particular process. As little or no heat energy is
radiated, the extensive use of lagging is no langer necessary.
Reduction in labour, water, chemical and total energy
costs, therefore, are the major features which must take us
into the next decade, with continuing needs for equipment
using r.f. energy.



