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This paper describes work carried out during the development
of a new ‘Flash’ continuous-dveing system for cellulose-based
fabrics. The new system was aimed primarily at the successful
application of vat dves, which worldwide still account for very
substantial vardages and form a high proportion of fabric which
is continuously dyed.

Earlier investigations had shown that novel methods held
promise, but perhaps not sufficient to displace current
technigues. The conventional pigment pad—hot flue- chemical
pad —steam sequence has long been preferred for high quality
‘vat dyeing, but changes in recent years have made it clear that
alternative systems could find favour. These changes include:

1. Much shorter runs per colour.

2. Blends with orher fibres, especially with polyester.

3. Higher operating costs (labour, water, energy, dyes, etc. )
which call for a reduction in downtime due to colour
changes, and the need for more accurate recipe
formulations without recourse to instrumental prediction
techniques.

These changes in trading conditions, along with the high
capital cost of the preferred conventional equipment, have
made economic processing more difficult,

The new process is a simple pad system with an ‘all-in’ dyve
bath, Deep dyeings of normal fastress can be readily obtained.
Recipe formulations for production can be predetermined in
the laboratory, The time for a complete change of colour
varies from 1 minute for pale—medium dyeings to 5 minutes
Sfor deep dyeings. Dye yield is excellent. Space requirements
are halved and energy {motive power and steam) demand is cut
by two-thirds.

Intreduction

In nearly all processes for the application of vat dyes to woven
cotton fabrics, the dyes are applied to woven fabric in
open-width form. Two methods predominate, the fully-
continuous ‘pad —steam’ process and the batch—jig method
(pad -jig combination). The former is increasingly expensive to
operate and lacks the flexibility to deal economically with
short runs per colour. Jig methods suffer from the inherent
deficiencies of the jig as a machine and the quality of the
product is dependent on a high degree of operative interest
and skills, as well as on the experience of the technical dyer.
The Standfast molten-metal machine was a unique contri-
bution to the art and science of continuous vat dyeing and it
was in worldwide operation between 1950 and 1960, How-
ever, relatively few Standfast plants are still in operation at the
present time.

The new ‘Flash Dye’ system employs a simple pad-
application technique with an all-in dyebath formulation,
without intermediate drying and usually without a steam-
fixation section. Insofar as the preceding sentence defines an
alkaline leuco padding system it is as well to state at the outset
that the new development differs materially from those
techniques of leuco padding which were in commercial use in
the late 1940°s. There were severe limitations in the use of that
technique, to the extent that it is rarely used today. Many
articles  {1,2,3] comment upon leuco padding, but the
following quotation from an ICl publication [4] is approp-
riate:

“Alkaline leuco padding.” “This method of application,
when carried out at normal dyeing temperature is confined
to the production of pale shades, mainly on account of the
low solubility of the vat dyestuff leuco compounds and
the poor fixation obtained due to the short period with
which the dye liquor is in contact with the fabric. The
colour yield is low; the dyeings possess inferior washing
fastness properties compared with normally produced vat
dyeings and a considerable loss of colour occurs during the
soaping after treatment.”

The key words in this quotation are ‘at normal dyeing
temperatures’ because other than the Standfast molten-metal
process (described in the same ICI booklet) it was not then
practicable to pad the leuco dye at elevated temperatures, e.g.
well above 50°C. As has just been quoted, the results at 50°C
were of a low standard and until now no one appears to have
considered how to obtain the known advantages of a Standfast
process without the use of molten-metal, as all the evidence
appeared to point to the necessity for a reduction—fixation
stage to follow the padding operation itself. No single method
of vat dyeing is without some disadvantages, and the current
techniques vary widely amongst themselves as to their respec-
tive advantages and limitations. Although the new method
does have some limitations, which will be referred to, it is

*Further papers presented at the Symposium will be published in future issues of the Journal
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considered that the advantages are so numerous and substan-
tial as to offer good prospects of extensive commercial usage.

The process methods and equipment are the subject of
patent applications.

Use of Vat Dyes

Developing a process and machinery beyond the laboratory
stage implies that a study of the market has been made. In the
UK the market for vat dyes has undoubtedly declined largely
through the growth of synthetic fibres and the use of reactive
dyes on cellulosic fibre fabrics. Hard facts are hard to come
by, but it is thought that USA dye usage is more related to
worldwide conditions, and Table 1 indicates that, despite the
growth of disperse dyes and the introduction of reactive dyes,
there has been no fall in demand for vat dyes.

TABLE 1

Report of the US International Trade Commission — Dyes

Class of Dye Total Domestic Sales (£ x 10%)
1965 1973 1974

Azoic 3950 2496 1510
Azoic Coupling

Components 2429 2360 1643
Direct 33,663 37973 31,314
Disperse 13,522 45738 46,228
Reactive 1558 3445 3126
Suiphur * 17,471
Vats 52,439 51,293 55,565
All others 20,439 19,109

*Not reported in 1973 and 1974, but included in ‘All others’

THE STATE OF THE ART AND BACKGROUND TO THE
PROCESS

Reference has been made to the two main techniques
currently used for the application of vat dyes, and references
to relevant literature as well as a recent review by Stuart [5)
which is worth noting as it refers especially to some of the
technical expertise required for the successful working of the
pad—steam machine. Attention is drawn to the paper by
Boardman [3] on the Standfast molten-metal system which
not only reviews past processes in some detail, but follows
with the first and most comprehensive explanation of that
most ingenious process and equipment.

The new Flash Dye process stems directly from the
authors’ past experience in operating and maintaining molten-
metal machines and from a critical study of their operating
parameters with the benefit of that hindsight which the
passage of time often confers.

Two aspects of the Standfast molten-metal system need
special mention. Firstly that dyeing can be completed in as
short a period as 2 seconds, and secondly the part played by
the molten metal.

Boardman [3] referred to the various patented processes
devised by Hannay and Kilby as follows:

“The principle involved in the process is the use of
molten metal as the medium in which fixation of the dye
oceurs, the cloth is simply impregnated with the dye liquor
and passed through molten metal where the dyeing is
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completed.”

“So that at 30 yards per minute the cloth is immersed
for 0.44 seconds in the dyebath and 6.7 seconds in the
metal. At 120 yards per minute we have 0.11 seconds in
the dyebath and 1.67 seconds in the metal. At the end of
these times the dyeing is completed™.

“It will be obvious that the molten metal plays an
extremely important part in the process™.

There is no denying the truth of these statements — the
molten-metal machine in practice, accomplished exactly what
the inventors intended. The then ICI Dyestuffs Division
published a technical circular (ca 1951} which reported an
independent investigation into the merits of the Standfast
molten-metal machine [6] and this work confirmed all the
claims made by Standfast —

“The passage of cloth through the dye liquor . .. isso
rapid that little more than mechanical impregnation of the
material with the leuco dye can take place. Fixation in situ
is then completed by the passage of the cloth through the
molten alloy”.

In recent years some shortened versions of the normal
pigment pad—dry—chemical pad—steam sequence have been
reintroduced, but they do not seem to have become generally
applicable. One such method dispenses with the drying after
pigment padding, but the passage of wet fabric into the
chemical pad-liquor poses many additional problems. Another
method has sought to eliminate the steamer itself by using
minfature ‘Williams units’ or booster boxes and a chemical
reduction accelerator. In such cases full reduction can be
achieved in 5—10 seconds, but the liquid volume of these units
is still too great and tailing remains a probiem. Furthermore
such booster boxes tend to preserve pockets of dyeliquor
which are not uniformly replaced by fresh feed liquor and in
consequence there may be a build up within the dyebath of
over-reduced leuco dye resulting in adverse effects on colour
dye yield and fastness properties.

Steps Towards a Flash Dye Process

It is reasonably clear from the literature and from a large
number of supporting patents that Standfast sought a method
of developing and fixing a vat dye after impregnation in the
leuco state, without the use of liquid booster boxes or by way
of steaming chambers. A molten-metal bath was the resultant
inventive step.

Considerably later, we began to question the precise role
played by the molten metal because, although some of the
advantages of the molten-metal machine are outstanding,
operators did find a few drawbacks. Most of these concerned
the use of molten metal itself. Firstly, the ‘expression’, or dye
pick-up was too high (see section on dye yield). Secondly,
clinging of molten metal to the fabric was a source of
considerable reprocessing and in some cases of outright fabric
rejection. The cost of metal usage was also quite high. So we
began by postulating that whereas the molten metal certainly
provided efficient heat transfer and the complete exclusion of
air, in reality it was primarily a low pressure nip or squeezing
device which forced liquor back to the surface of the
bottomless dye trough. We considered that most of the
immersion length between the surface of the dye-liquor in the



trough and the bottom roller was leuco dyeing time, or
continuous exhaust dyeing at a high temperature in a small but
changing, liquor:goods ratio. The upward passage of the fabric
on the exit leg to the salt bath would be an extension of this
principle, but at a now constant liquor:goods ratio. If this
were so, could the molten-metal squeeze be replaced by a
mechanical nip and what would be the resultant dyeing from
immersion in a leuco dyebath at a high temperature without
any additional fixation stage? Farly trials with a small dye
trough fed with preheated pad-liquor and a 2-bowl pad gave
promising resuits. Eventually it was realised that feed liquor
preheating must be carried out within certain close limits and
for basically different reasons from those in the molten-metal
machine.

Reverting back to the molten-metal machine, it seemed that
two aspects became obvious during early experiments, both
being concerned with the possibility of partial solidification by
cooling of the molten metal, and with the clinging of particles
to the fabric. Thus fabric preheating was essential for reliable
continuous running as otherwise there could be unpredictable
abstraction of heat from the liquor in a very small dyebath.
Secondly, and even more obviously, a cold dye-liquor could
not be fed to the dye trough, and as the all-in dye-liquor
would decompose if heated within the dye-liquor storage
tanks, it had to be stored cold and heated on route to the
dye-liquor trough to a temperature well above the melting
point of the selected alloy. The tendency to cling was also
aggravated by any sulphur products in the dye-liquor. All the
key Standfast patents stated that the dye-liquor emerging from
the dye-liquor heater need not be completely reduced, thus
underlining the old theory that impregnation was basically
mechanical and that the passage of molten metal, under
air-free conditions, gave complete reduction, dye diffusion and
fixation. This of course was perfectly true. Different designs of
heaters were produced by Standfast for varying reasons —
reliability, ease of cleaning, etc. — and it is somewhat academic
if in some cases the feed of dye solution was fully reduced
because from a chemical engineering standpoint the meolten
metal provided all the conditions to ensure that reduction was
completed within the molten-metal passage.

COMPARATIVE REDUCTION TIMES

At the temperatures employed in jig dyeing (say 30-60°C),
vatting usually takes 10-15 minutes. In the steamer of a
pigment pad—dry—chemical pad range the dwell time is 20--30
seconds. Fabric and chemical pad—liquor are usually at room
temperature, (ca 20°C) and it is known that in the presence of
saturated steam at 99—101°C fabric and retained liquor will
attain steam temperature in around 2 seconds and it follows
that between 18 and 28 seconds are required for reduction or
fixation, or both, to proceed to completion.

In the molten-metal machine it was common practice in
most cases to operate with a total immersion time of less than
5 seconds, whether the dye was fully reduced or not at
delivery from the preheater, and it followed that dyeing-
fixation could be almost instantaneous, occurring as soon as
the dye-liquor was fully reduced. This indicated that flash
dyeing to a standard as good as or better than the molten-
metal machine could be achieved, provided that the reduction
of the dye-liquor was carried to completion before impreg-
nating the fabric, and that dyeing/fixation would then occur
almost instantaneously at temperatures between 85 and 95°C.

BASIC PRINCIPLES

These ideas had crystallized to a promising stage some time
ago, but had not been investigated further since it appeared as
if the remarkable advantages of reactive dyes would increas-
ingly displace the use of vat dyes. That this has not been the
case has already been remarked upon, and with the pressures
to produce economies in plant, power, steam, water, materials,
etc., it became timely to develop the ideas further.

With very simple Laboratory equipment it can be demon-
strated that a cotton fabric can be dyed and fixed in a
fully-reduced vat liquor at 90-95°C with a total immersion
time of around 1 second, and that such a dyed material will
possess the desired fastness properties. The target is then to
design the process and equipment to ensure that fabric may be
continuously and satisfactorily dyed and be under process
control at all times. The basic needs may be summarized as
follows (see Figure 1):

1. The fabric should be prepared to a high and uniform
degree of absorbency.

2. The fabric, preferably preheated, is impregnated with a
fully-reduced vat dye solution at 90--95°C by immer-
sion in a very small trough of dye-liquor for 0.5 to
2 seconds.

3. The impregnated fabric is squeezed using a 2-bowl pad
nip with the shortest passage possible from the liquor
level to nip contact to an expression preferably less
than 100%.

4. The liquor level in the dye trough is held constant with
minimum deviation, irrespective of weight of fabric or
running speed.

5. The feed of ‘all-in’ dye-liquor is stored cold and
preheated to the required temperature by passage
through a heater/mixer or combination of such, so that
the components of the liquor are mixed homogene-
ously, agitated to a high degree of turbulence, and
heated in such a way that the emerging liquor is fed to
the dye trough completely reduced, but without the
possibility of over-reduction occurring.

6. The volume and shape of the dyebath should be such
that all the contents are renewed with new feed liquor
before any portion of the batch of dye-liquor is
over-reduced by excessive dwell time.

7. The squeezed fabric is immediately rinsed cold and
then oxidized and soaped in the known manner.

8. Simple automatic controls must maintain the selected
conditions.

The more important of these items are covered by the
geometry of design and inter-relationship between the heater/
mixer, the pad-liquor trough, the pad-liquor and the pad itself;
additional refinements are described later.

THE PREHEATER/MIXER

It was found that complete reduction could be achieved for
any vat dye or combination, in an average period of 10
seconds, provided the temperature was in the range 80-95°C
and under conditions of turbulent flow. There are several
designs capable of providing the correct conditions as heat
exchange and mixing devices are legion. However, such a unit
must give a dwell time for liquor passing through the unit, of
5--15 seconds, irrespective of rate of flow of dye-liquor which
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will vary with fabric construction, weight of fabric and
production speed. The liquor passageways should be calculated
using a high Reynolds number related to that degree of
turbulence which provides a high heat transfer and intermixing
of contents. The heating medium should be capable of rapid
response to signals from the temperature sensor and should be
free from capacitance effects.

TROUGH CONTAINING THE PAD-LIQUOR

The capacity of this must be very small; it must be insulated
and/or heated to prevent loss of heat, and a uniform
concentration of the dye-liquor must be maintained by an
internal liquor agitation system. In the case of fabrics of extra
wide width this is achieved by pump recirculation of the
dyebath contents. A temperature sensor relays signals to the
heater/mixer and the volume of liquor delivered to the trough
is automatically adjusted to maintain a constant level.

FEED OF DYE-LIQUOR

The cold feed of dye-liquor, as an ‘all-in’ formulation, contains
the vat pigment and the reducing agents along with auxiliary
chemicals. The total quantity is mixed in advance and kept
gently stirred. The quantities and proportions of caustic soda
and sodium hydrosulphite allow for considerable variation, but
it is convenient to keep to a standard proportion irrespective
of the constitution of the dye.

PAD NIP

The speed of reaction eliminates almost any combination
except a single dip single nip pad. A horizontal padder with
dye-liquor above the nip has several advantages, but was ruled
out mainly because the immersion length was too short and the
liquor surface area too large. There are methods of overcoming
these and other problems of liquor recirculation and bath
reheating, but only at the expense of considerable mechanical
complexity and the intention was to maintain simplicity. A
2-bowl horizontal padder with the dye trough under the nip
providing a completely vertical fabric run was also attractive,
but was discarded because accessibility is reduced and, above
all, process conditions at the liquor trough cannot readily be
observed. The preferred arrangement was found to be a 2-bowl
pad with the top bowl inclined at 45° facing the fabric entry
and with the dye trough almost level with the bottom bowt
axis. Liquor can be run back directly into the trough by a
doctor blade on the rear lip of the liquor trough. This
arrangement gives a very short path from the liquor surface to
the nip, which being vertical up to the first point of contact
ensures both sides of the fabric are heavily flooded with
dye-liquor which in turn shields the surface of the fabric from
premature oxidation.

As will be discussed later, the load on the pad nip need not
be heavy to give an expression from a hot liquor of around
100%. The normal applied load is in the range 20—40 Ib per
linear inch (360—720 kg per linear metre) instead of more
usual 100-200 lbs per linear inch (1800—3600 kg per linear
metre) of dye padders, which helps considerably in reducing
bending moments and of course requires much less power.
Quite early on we experimented with a top bowl made of
rubber and a bottom bowl made of metal and surprisingly, in
view of current beliefs on the importance of bowls for padding
dye being of equal resiliency and hardness, there was little
evidence of two sidedness. For some fabrics and for some
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end-uses it may be necessary to fit two rubber bowls, but it is
clear that a metal bottom bowl can be of general use and it
possesses striking advantages with regard to ease of cleaning
arid in controlling bath temperature.

REFINEMENTS OF DESIGN

One of the most important requirements is the need to change
the colourway very quickly. Because there is no intermediate
drying in a hot flue and because there is no chemical pad
steamer, much of the problem of cleaning is already solved.
However, the padder is working with a hot leuco vat dye and
staining of rubber rollers is more pronounced, at least visually,
than a dye padder dealing only with suspensions of vat
pigment. The dye-liquor trough shown in Figure 1 is therefore
modified by supporting a shallow trough adjacent to the rear
lip, within which the bottom bowl would be partially
immersed if liquor is within the trough.

FABRIC
LEVEL
CONTROLLER — =~ DOCTOR
————— DYE LIQUOR
THERMOSTAT
_——STEAM SUPPLY
MODULATING
VALVE
DYE LIQUOR \
MODULATING —-—X HEATER MIXER
VALVE

2
DYE FEED
TANKS

f>.-~ PUMP

~— MOTOR
Figure 1 — Dye-liquor trough

During a dyeing run, the rear shallow trough will be
empty. When changing colour from one lot to the next the
machine will be stopped at the short interconnecting wrapper
and the dyebath itself drained. The inlet to the dye pump is
then switched from a dye-supply tank to a cleaning-liquor
tank, containing cold caustic soda and sodium hydrosulphite
solution, which is then fed to the pad-liquor trough via the
heater/mixer. The level control is now bypassed so that
cleaning solution fills the dye trough and overflows into the
shallow rear tank from which in turn it overflows back to the
cleaning tank. During this operation, the main range is
stationary, but the padder and bowls are rotated under load so
that both rollers are cleaned whilst cleaning liquor also
recirculates through all the pipes which feed the dye. Although



this works remarkably well, a turret device can be provided so
that a reserve roller is kept for pastel colours and this latter
device, if used against a metal bottom roller, is also a solution
to those problems of tracking caused by very thick selvedges
or extreme width changes which cannot be dealt with by
fabric traversing motions. Design refinements are shown in
Figure 2.
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Figure 2 - Design refinements to the dye-tiquor rrough

DYE YIELD

The yield obtained is superior to any other existing method,
basically because there is no wastage at any point and few
rejections. A comparison with the molten-metal machine is
again instructive as that machine was regarded as economical
for similar reasons. Any given colour is matched by the same
g/l dye concentration whether on the molten-metal machine or
by the new flash dye machine, but whereas the molten-metal
machine operates with an average 140% expression the flash
dye machine operates at less than 100%.

In practice, the expression obtained with the molten-metal
machine frequently exceeded 140% being as high as 160%.
This particular variability could not always be foreseen on the
laboratory scale. Consequently, there were problems of higher
cost owing to a high expression, and it became difficult to
predict just what quantity of dye-liquor should be made up in
advance.

ANCILLARY EQUIPMENT

The description above as well as Figures 1 and 2 have shown
that the new ideas centre around the padding unit only, but
normally a complete range would include oxidizing, soaping,

washing and drying sections. Many dyeworks already possess
equipment suitable for oxidizing and scaping and we have
found that the flash dye—pad section, followed by a simple
cold rinse unit with an airing frame and draw nip, will batch
fabric safely for completion of the treatments on other plant,
whether such plant be continuous plant or batch units such as
large jigs.

Colour matching is done by using a scaled-down version of
the pad unit. It is particularly simple, as it does not require
any of the equipment to ensure continuous running, and the
aftertreatments are carried out in existing bench apparatus.

Experimental

Equipment

A 2bowl padder was constructed according to the basic
requirements outlined in the sections dealing with ‘Basic
Principles’ and ‘Pad Nip’.

Fabrics

A variety of fabric lengths were obtained from commercial
sources, all being in the bleached state. The types of fabric are
described later. The absorbencies, as measured by the AATCC
drop test. varied from 1--5 seconds.

Dye Recipes

Eight different vat dyes were selected at random, to give a
reasonable range of colours. Self colour and mixture recipes
were formulated to give light, medium and dark dyeings with a
range of concentrations from 2 to 80 grams per litre. Chemical
auxiliaries were standardized as follows:

Dye x g/l

Caustic soda 100°Tw 21 mifl

Sodium Hydrosulphite 30 ¢/l

Proprietary wetting agent 1 g/

Stabilizing agent 5¢gl
METHOD

The ‘aliin® dye-liquor was mixed at room temperature,
preheated to 90°C over a period of 20 seconds and fed into
the dyebath of the special padder. Successive fabric lengths
were immersed in a fully-reduced dye-liquor at 90°C at a
machine speed calculated to give an immersion time of two
seconds.

The fabric nip was loaded to 20 Ib per linear inch (360 kg
per linear metre) and the dye add-on or pick-up varied from 80
to 90%, according to the type of fabric being processed.
(Polyester—cotton 66:33 fabrics had a pick-up value of 55%).

‘Dyed’ fabric emerging from the pad nip was immediately
rinsed with cold water, then oxidized, soaped and washed by
normal batch methods.

Procedures and Results

Pattern cards showing dyed and test samples of various fabrics
were prepared embodying the foregoing details. The cards
illustrated three types of trial.

1. Visual Appearance of Dveings Made on Widely Different
Types of Fabric

Terry towelling
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Corduroy

‘Bolton’ twill

Workwear drills

Heavy brocade (jacquard)
Dobby furnishing repp
Tufted pile fabric
Cotton—linen casement 50:50

All cotton

All dyeings had a clear appearance, and were free from
skitteriness. They were well-penetrated with the dead cotton
fully covered.

2. Depth of Dyeing and Fastness Tests

Dyeings were made in the three depths referred to, with
different dyes, on all but the cotton drill fabric. All dyeings
were tested for wet fastness according to ISO No. 4 Test, and
for fastness to dry rubbing. Dyed and test fabrics were
mounted on the cards and the results were equal to those
recorded on the respective dyemakers pattern cards.

3. Comparison of the Standfast Molten-meral Process with the
Flash Dye Process

Medium depth dyeings were produced on an all-cotton fabric
with identical dyebath recipes on

(a) the molten-metal equipment, and
(b) the flash dye equipment

The speeds of the respective machines were adjusted to give
equal dyebath dwell times of 2 seconds at 90°C. In the case of
the molten-metal machine the 2 seconds included time in the
molten metal. The figures for pick-up of dye were as follows:

Molten-metal machine 140%
Flash dye—pad 90%

The respective dyed samples and fastness test samples were
identical in hue, depth and fastness except that for similar
dyeings the flash dye method consumes less dye and chemicals
than the Standfast molten-metal machine in the ratio of
90:140.

PROCESS TOLERANCE AND QUALITY
The new system is very tolerant of conditions which in other
continuous-dyeing systems would produce faulty dyeings.

The following are some examples:

(a) Run back of liquor at the nip does not cause
streakiness.

(b} Variations in hardness of the respective bowls or of
bowl camber have less effect on change of colour.

(c) Substantial changes in pad ‘expression’ or machine
speed cause little change in colour.

We can only speculate on the reasons, but offer the
following:

‘Dyeing’ takes place entirely in the immersion length
between entry inte the dye-liquor and the pad nip. The lIatter,
in the main, removes excess surface liquor whilst at the same
time it contributes to final penetration of the liquor within the
fabric interstices. Thus the colour is primarily a function of
the concentration of the dye, and since dyeing has been
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completed on arrival at the nip, the precise nip conditions are
not critical. This is not the case with the molten-metal
machine, which shows heavy bleeding of dye into the exit salt
bath and first rinse, the bleed into the first rinse in the flash
dye process is much less even for deep colours.

Regarding quality, sufficient has been said to emphasize
the ease of colour matching and the uniformity of dyeing.
Fastness properties are appropriate to the particular dye or
dyes being used.

It only remains to comment on penetration and skitter-
iness. Skitteriness is a characteristic feature encountered in the
exhaust dyeing of vat dyes on to semi- or fully-mercerized
cotton fabric and varies from exceedingly small dark points on
the surface which give a ‘pepper and salt’ mixture effect to
quite large spots, almost tufts on the surface. These latter vary
with the quality of the cotton staple, the yarn and fabric
construction and also the efficiency of the early penetration
processes such as shearing and singeing. There is a tendency to
equate skitteriness with lack of penetration, in that both may
occur together and both are largely cured by pigment-pad
techniques, which incidentally do not improve the coverage
of dead cotton.

In our opinion, lack of penetration and skitteriness are not
directly related. Treatment of cotton with caustic soda of
semi- and fully-mercerizing strength greatly increases the
affinity of cotton for dyes applied by the exhaust techniques,
but restriction of shrinkage during the caustic treatment
reduces the gain in affinity. Skitteriness, therefore, is due
mainly to the cut-ends and tufts of cotton fibre on the yarn or
fabric surface whose shrinkage can not be restrained or
recovered by stretching during normal mercerization and
which therefore retain much greater affinity to dyes than the
main body of the fabric. This difference in affinity is masked
by pigment-pad methods because the concentration of dye in
the fibre always exceeds the concentration of dye in the liquid
phase during reduction and fixation, whereas the reverse is the
case in exhaust dyeing, at least until equilibrium is reached.
Preparation methods using caustic soda (up to ca 8%) greatly
improve dye economy without producing these differential
affinity effects. The use of steamers or booster boxes after the
pad nip only marginally improve skitteriness.

It has been estimated that more than half of the vat-dyed
cotton, worldwide, is not mercerized, this being especially so
in the case of polyester—cotton fabrics where the new process
is especially suitable for ‘filling-in” the cotton after dyeing the
polyester component.

With so much fabric available to take advantage of the
merits and simplicity of the standard flash dye process, it
would seem better to concentrate on such constructions which
include the following categories:

Work wear

Casements and furnishings

Industrial fabrics

Sports wear (camping and field sport fabrics).
Linings

Shoe fabrics

Household fabrics and sheeting

Towelling and pile fabrics

Other Classes of Dyes
Sulphur dyes have been successfully applied using sodium



hydrosulphite as the reducing agent, and with minor machine
modifications soluble vat dyes and azoic dyes can also be
applied.

Conclusions
The new flash dye process offers simple continuous vat dyeing
for a wide variety of cotton material, as yarn or fabric. It is
applicable to many important blend fabrics and the process
and equipment can also be used for other classes of dyes. The
processed material possesses normal fastness properties.

The economics of the process and equipment are especially
attractive and the results may be summarized as follows:

ADVANTAGES

Quality

Uniform dyeings in width and length

Simple colour matching

Minimum of tailing effects

Normal fastness behaviour

Simple, but automatic, control equipment
Standard recipe formulations

Good coverage of dead cotton

Solid dyeings on cotton—viscose

Easy fill-in of cotton on polyester—cotton blends.

Economics
Substantial reduction in operating costs per unit of output
via reduction in:

capital cost

depreciation

space

steam, power, water, effluent

Reduction in direct labour cost, and improved produc-
tivity by less down time for colour changes.

Reduction in dye and chemical consumption.

Reduction in ‘Damaged and Kept’ fabric and ‘seconds’.

LIMITATIONS

Penetration is inferior to pigment—pad, pad—steam, but

superior to jig (and molten metal) systems. Some mercer-
ized cotton fabrics may show a ‘skittery’ appearance.

References

1. The Application of Vat Dyes AATCC Monograph No. 2
AATCC 1953).

2. Fox, Vat Dyestuffs and Vat Dyeing, (Chapman & Hall,
1946).

3. Boardman, J1.5.D.C., 66 {1950) 397.

4. ICI, in “Vat Dyeing of Cotton Piece’, 2nd edn, (1959) p.
95,

5. Stuart, Amer. Dyestuff Rep., 65 (Mar 1976).

6. 1CI Technical Circular ‘Vat Dyeing. The Standfast molten-
metal process’.

DISCUSSION

G. L. Boardman: Whilst I would agree that fixation of vat dyes
is extremely rapid under certain conditions at 95°C, [ am very
doubtful about full fixation and fastness with very deep

dyeings in times of 1% to 2 seconds that are being considered.
It will be remembered that Standfast developed a short
steamer for the exit side of the molten-metal machine to
overcome this problem with deep dyeings on certain fabrics.
Would Mr Duckworth give his views about producing these
very deep dyeings by the Flash Dye method?

Mr Duckworth: The standard molten-metal machine would
give dyeings of a satisfactory fastness standard at ‘D’ depth of
the old classification system of the Association of Piece Dyers,
and we have found that the Flash Dye method will dye to
similar depths with equal standards of fastness. For very deep
dyeings we agree that the machine would have to be siowed
down to give longer immersion times, or use be made of a
small steamer as indicated only briefly in the text, because
very deep dyeings are not usually economically attractive to
the dyer and so we imagine dyers would try to limit their
dyeings to ‘D’ depth or less.

G. L. Boardman: Tailing can be a probiem with leuco padding
of vat dyes. But if the pad-bath volume is small enough, the
speed is fast enough and replacement of dye rapid enough, it
can become just a few yards which is acceptable. I would like
to know what is the volume of the pad bath for a machine of
width of fabric of 60in, and what range of running speeds are
being considered?

Mr Duckworth: The dyebath volume for fabric of this width is
approximately 3 gallons, including a recirculation system of
the dycbath contents. For the first production series of
machines we think 50 yards per minute would be sufficient.
This is because the Flash Dye machine is not seen as an
alternative to pad—steam machines, but rather as a new and
attractive alternative to the tens of thousands of jigs in
worldwide use.

C. D. E. Jones: Whai about diffusion rate in short period
dyeing and its effect on (a), ring dyeing and (b}, fastness to
rubbing, particularly on deep dyeings ?

Mr Duckworth: Undoubtedly ring dyeing exists, but rather less
than in molten-metal dyeing, because the dye pad can be used
to improve penetration beyond that possible on a standard
molten-metal machine. The molten-metal machine established
an excellent reputation for the quality of dyeing in respect of
wet fastness and fastness to rubbing, and as indicated in the
text and a previous answer there is evidence that the Flash Dye
method is equal to and in many cases superior to molten-metal
results.

J. McCartney: What is the effect on hydrosuiphite stability of
preheating the feed of dye-liquor?

Mr Duckworth: The all-in dyebath will remain stable for
several hours at toom temperature. During passage of the feed
of dyeliquor through the special preheater/mixer, the vat dye
is fully reduced to the leuco state in an average time of 10
seconds depending on the constitution of the dye.

The hydrosulphite:caustic soda ratio is 2:1 (solid:solid)
and should not be less to avoid acid leuco formations.

With the exception of the Blue RC-type dyes, the bath
remains stable and in alkaline reduction for up to 10 minutes,
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and a series of check dyeings covering different delay times has
established the maximum delay times under varying conditions
of temperature, reducing agent concentrations and the effect
of added stabilizing chemicals. There appears to be ample
safeguard under all operating conditions.

J. V. Butcher: T do not see any bright blues on the sample
cards. Is there any special reason for this omission as blues of
the Blue RC type are notoriously difficult?

Mr Duckworth: The omission is only accidental as we have
done plenty of bright blue dyeings with the Blue RC type. The

dyebath is admittedly less stable and is easily over-reduced or
otherwise degraded.

A lower temperature of operation was found desirable
(85°C) and a stabilizer addition is useful if not essential,
because there is no molten metal to react with sulphur
produced in the dyebath decomposition and there is no scum
complex.

The dyebath liquor is stable for at least § minutes, and
since the dyebath is completely replenished every one minute,
no difficulties need arise if the various controls are correctly
set.
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