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INTRODUCTION

There are twa distinct strategies emerging in the world

textile coloration industry brought about by increasing costs,

fashion demand, and quality awareness. These are:

1. Focusing on mass production through rationalisation,
with attention to unit cost, quality and reproducibility

2. Small-lot/rapid-response production with focused mar-
keting, focused production and dynamic response to
fashion demands, leading to high added value.

In fact it has been shown that the additional costs for not
‘getting it right first time’ range from 30% (for a shading
addition) to 150% (for a redye). Getting it right first time is
therefore a very desirable objective for all textile dyers and
printers.

The concepts of total quality management (TQM) are wel!
known and many organisations in the textile industry are
heavily involved in such programmes. The key features of
any TQM programme are:

- Attention to detail

- Ownership of responsibility

- Monitoring performance

- Solving problems at source rather than trying to put them
right at some later stage or, even worse, passing the
problem to a third party down the line.

The consequence of TQM programmes is a greater need
to know what is happening in practice, a greater awareness
of customer needs down the manufacturing chain, and a
greater emphasis on the quality of raw materials entering the
factory. Dyestuff suppliers have been subjected to demands
for tighter and tighter specifications to their preducts and
this aspect will be explored later.

The objective of the textile coloration process is to
produce a visually acceptable appearance on a piece of
fabric and enhanceits value. There are two aspects that have
to be considered. The first is the manufacture of the dye up
to the peint of delivery into a factory and the second is how
this dye is used once inside the factory.

DYE SPECIFICATION

Ideally the dyer wants to receive a dye of identical quality
from delivery to delivery, with an identical application
performance and with identical colour content. This is the
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concept of zero variance. But is this achievable, feasible or
even needed?

If we consider coloured solutions that follow the classic
Beer's law then it would be possible to specify the dye by its
absorbance at a given solution concentration for all wave-
lengths. However, not all dyes follow this simple model.
Some can aggregate, others are insoluble in common
solvents, and very often the dye contains such diluents as
electrolyte and buffers. Standard techniques have been
develeped [1,2] to enable such measurements to be carried
out. However, solution colour measurement is more suited
to the manufacture of dyestuffs rather than to their applica-
tion because, in the final analysis, it is the ability to colour
fabric that is important. This introduces two extra limitations
when assessing dyes for bulk suitability:

- How dye in solution ‘transfers’ onto the substrate to
produce a coloured textile
— How this colour is perceived.

DYESTUFF MANUFACTURE

It is useful to look at some typical dye manufacturing
processes, represented by the formulae shown in Figures 1
and 2. In order to make this insoluble coloured molecule
quoted in Figure 1 useful as a dyestuff it has then to be

ArNH, —  Ar=N* CIF
insoluble soluble \
ArN=NAr'+ NaCl
insoluble
Ar'OH Ar'O~Na+
insoluble soluble

Figure 1—Manufacturing sequence for insoluble (e.g. disperse)
dyes

SO; Na SO, Na*
Ar< - Ar<
NH, N=N* CF
soluble soluble Ar-N=N—Ar" + NaCl
/803 Na /803 Na"’/ SOS Na* 503 Na*
r — = Ar soluble dye
NH, \NEN+ cr
soluble soluble

Figure 2 ~ Manufacturing sequence for soluble (e.g. reactive
or acid} dyes



formulated to specific particle size distribution and convert-
ed into a solid dispersion or liquid form containing both
dyestuff and dispersing agent.
In the manufacture of a soluble dye, represented by Figure
2, the dye is made in a solution of salt, then either:
— Converted into a stable liquid (desalinated)
— Spray dried
— Precipitated, by adding more salt, then filtered-off and
dried.

These three methods will give products that have different
amounts of salt in them, and hence a likelihood to aggregate
and not to obey Beer’s law.

STANDARDISATION

At some stage between chemical formation, isolation of the

dye and final packing for sale, the product has to be stand-

ardised. Dyes in general are isolated with higher effective
agent concentration than is used for the final sales product,
to enhance the efficiency of the chemical plant, to keep
manufacturing costs to a minimum and to allow for stand-
ardisation. Therefore a dilution to sales strength is needed.

Owing to the complex nature of the chemistry, the colour
may be occasicnally slightly off standard. Such a batch would
be mixed with another batch, or with other batches, in order
to produce a blended dye equal in all respects to the sales
control. This is a very complex process and it is this that is
known as standardisation.

Let us now consider standardisation in practice. For a dye
that comprises one unique coloured entity which exhausts to
100% in practice, e.g. some basic dyes on acnylic, it may be
reasonable to assume transmission data alone are sufficient
to characterise it. The vast majority of dyes do not fit this
model. Many are not just single-component products, e.g.
mixed isomers are often used to create synergistic higher
exhaustion in disperse dyes, but are complex mixtures and
most soluble dyes do not exhaust to 100%. For all these,
transmission data alone are insufficient and can even be
misleading. Reflectance data are also needed for the majority
of products, and have therefore become central to the
requirements of standardisation procedures.

The most complex class of dyes to consider is that of
reactive dyes. The absorbance of these dyes provides a
measure of chromophoric content only and not the ‘reac-
tive’ content. Consider two examples of the same reactive
dye (Figure 3). Species A in Figure 3 contains no hydrolysed
dye while species B is completely hydrolysed. A and B could
have the same absorbance at a given concentration, but
would give totally different dyeing performances. One would,
in fact, be totally useless to the dyer as a reactive dye, but
could have been formulated to precisely the same absorb-
ance as the other.

Equally, two reactive dyes could have the same chromo-
phoric content (the same absorbance at the wavelength of
maximum absorption) and the same hydrolysed dye content
{the same dyeing performance), but could contain isomeric
impurities which would give a shade variation (and not
necessarily the same shade variation on the fabric as that in
solution).

There are two important consequences for the dyer.

1. The dyer who switches from one product in bulk, or more
precisely from one supplier to another, would obtain
different results and would undoubtedly find right-first-
time impossible to achieve,

SO;Na

/
QN:N N—{
SOW
NaQ,S S0;Na
A — 100% reactive species

SO;Na N=

N

O L
DO

NaO,S SO,Na

B — 100% hydrolysed species

Figure 3 — Reactive and hydrolysed dye species

2. The number of ‘impurities’ could have a significant
implication for product registration, etc., and hence
additional safety data might be required.

Let us look at two very real examples of how constitution
can vary significantly. Figure 4 shows h.p.l.c. traces for two
samples of soluticns of CI Reactive Yellow 84 (samples A
and B), supplied by two different manufacturers at the same
price after adjustment for relative absorbance. Sample A
was an ICI product (Procion Yellow H-E4R) and sample B
was from an alternative supplier. The relative strengths

Solution transmission

Sample A Sample B
Amax (NP1 409.7 410.9
Absorbance 1.84 1.42
{(100) (113 weaker)
Chromatography
Sample A main band
(retention time, s) Area (%)
2.27 85.5
Sample A
L
K Sample B

Sampie B main bands

(retention time, s) Area (%)
0.83 18.0
18.4 6.37
2.27 64.3
Strength by exhaust dyeing
Sample A Control
Sample B Weaker (120:100)

Shade — 4 traces redder

Figure 4 - Properties of Cl Reactive Yellow 84 from different
suppliers
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Figure 5 — Reactive dye species (CI Reactive Yellow 84)
achieved by exhaust dyeing are also shown. H.p.l.c. shows Solution transmission ‘
that the two samples have completely different constitutions i amy Sggg:’;e A 56%"292'6 B
and that this difference has a practical significance in terms Absorbance 168 152
of dyeing strength. The reason for this difference is a result (100) (110 weaker)

of the complex manufacturing process of such dyes. The
balance of components must be controlled in manufacture
by transmission analysis, while the overall performance is
controlled by careful dye selection.

Figure 5 displays more details of the chemical structure of
sample B. H.p.l.c. reveals it to be typical of manufacture in
which the ratio between the dichloro derivative and the
linking diamine is not stoichiometrically exact. Species 4 is
the main product, which has a retention time of 2.27 min,
and it can be seen in Figure 4 that this constitutes only 64.3%
of the total composition. In comparison, the proportion of
this constituent in sample A was 85%. The other major
constituents of sample B were: the monocondensate 3
(retention time 1.84 min) and unreacted component 1 and
the chlorohydroxy species 2, with the same retention times
{0.83 min) and proportions. The key point here is that
species 1, 2 and 3 will not have the same affinity or reactivity
and will therefore give different solution colour measurement
data and application strengths.

A second example to show how dye constitution can vary
from one supplier to another is displayed in Figure &, which
presents data on samples of Cl Reactive Blue 171 from five
different suppliers. It can be seen that they differ not only in
absorbance but also in dyeing performance. In addition, not
only do we see different peak absorption wavelengths for
samples A and B on their respective spectral absorbance
curves, but also different constitutions {Table 1). Ini this case
the two samples were formulated to produce the same shade
on the fabric. Clearly, they required different shading for-
mulations to produce that shade, which is revealed by thin
layer chromatography {t.l.c.).

PRACTICAL REPERCUSSIONS FROM

ANALYTICAL DATA

From this work some important messages emerge.

1. Transmission data alone are inadequate — and can be
misleading — as a means of communicating the likely
performance of a dye.

. The composition of the dye preparation offered for sale
can be influenced by the manufacturing process.
What appears to be the same generic product {and what
is often claimed to be the same generic product) can vary
in composition and performance from one manufacturer
to another. Switching from one producer to another, or
from one supplier to another, can clearly have an adverse
effect on right-first-time performance.

4. Any health and safety information provided by a manu-
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Strength by exhaust dyeing

Sample A Control
Sample B Weaker (107:100}
Shade — equal

Figure 6 - Solution measurement studies of Cl Reactive Blue
171
TABLE 1

T.l.c. comparison of samples of CI Reactive Blue 171
from two different suppliers

R;
Sample A (IC]) Sampie B (Non-ICl)

Main band 0.43 0.43

2nd band blue 0.405 0.405

3rd band red-blue 0.380

4th band red 0.305

5th band red-blue 0.295

6th band blue-green 0.265




facturer relates specifically to that preparation which was
subjected to the testing protocol.

If we accept that the dye supplier cannot use transmission
data alone as a method for standardising dyes, how can each
product be checked? Traditionally this was done by skilled
colourists assessing each batch in alaboratory. More recent-
ly reflectance colour measurement techniques have been
introduced.

VISUAL ASSESSMENT VERSUS

SPECTROPHOTOMETRY

There will always be considerable debate amongst colourists

on the question of which of these is the better method, and

those in ICI Specialties are no exception! Detailed. and

repeated, comparisons have led to the conclusion that each

technique is equally useful — in the right context, but that

there are significant advantages in using both together.
These are the advantages of using a spectrophotometer:

~ It performs equally well at all hours of the day

— It assesses each shade unemotionally and is immune to the
pressures of priority that are inevitable in a production
situation

— It gives results that are more repeatable than those of any
individual colourist, even disreqarding inter-assessor dif-
ferences

- It gives a standard assessment without inter-assessor
differences or bias

— And finally, with a batch that is either too weak or strong,
it is better able to quantify the correction needed to bring
it to standard.

The advantages of the human eye are:

— The human eye is the final arbiter anyway

~ A skilled colourist is more able to judge difficult shades,
such as bright yellows which build up redder

— The human eye is much better at eliminating the effects of
micro-defects, such as slubs or neps of dead cotton, and
integrating the effects of macro-defects, such as barriness
or where presentation of the substrate and directional
effects can be important

- Visual methods do not suffer from the problem of sample
illumination and heating (changes in shade caused by
photochromism, thermochromism and moisture regain);
for some dyes such problems inevitably occur when
measurements are made with a spectrophotometer that
uses a continuous light source

- The human eye, given the right conditions of illumination,
is better placed to make the correct decision when fluor-
escence occurs; in this context, fluorescence occurs more
widely than might be assumed — it occurs not only in the
dazzling shades of high fashion, but very much more
generally

- Invisual assessment the human eye correlates to the spec-
trophotometer in terms of measurement, but the human
brain offers more sensible interpretation of data since it
does not involve a computer program using mathematical
algorithms, which are not perfectly valid in all cases.

If visual and spectrophotometric assessments are used
sensibly, in tandem, then all the aforementioned advantages
will be realised. In addition, when a number of skilled
colourists are working alongside a spectrophotometer any

drift or malfunction in the spectrophotometer will be obvious
immediately. Furthermore, a colourist whose judgement
may appear anomalous when compared with parallel
spectrophotometric results will often be induced to recon-
sider his assessment.

In conclusion, reflectance colour measurement techniques
are vital tools in helping skilled colourists to standardise dyes
quickly and efficiently, with the colourists being the final
arbiters. ICl does not look upon colour measurement as a
replacement for the human eye, but rather as a means of
reducing dependence on it and over-use of it,

RELIABILITY OF REFLECTANCE COLOUR

MEASUREMENT

It may seemn strange not to have listed instrumental tech-

niques as being more accurate than use of the human eve.

True, a spectrophotometer will produce a single figure that

could be used to characterise one batch of dye against

another. The key questions are how reproducible is this

figure and what should it mean? It is important at this stage

to differentiate between repeatability, precision and accuracy.
Let us consider repeatability first of all. There are several

types of error that arise during the comparison of one

manufacturing batch with another by reflectance measure-

ment. These fall into three broad categories:

1. Measurement errors: those that arise from the instru-
ment itself.

2. Presentation errors: those that arise from loading sam-
ples into the instrument.

3. Preparation errors: those that arise from preparing
pieces of coloured substrate.

We have found at ICI that the best that can be achieved
in practice by using the most modern equipment with highly
skilled operatives is a mean error of AE 0.17 for a repeated
measurement on the same piece of fabric (CIELAB units,
10° observer, illuminant Dyg).

In practice, however, two separate dyeings are compared,
one of the standard material and the other of the batch being
standardised. This introduces yet more sources of random
error into the overall assessment process. These new errors
arise from variations in the components, construction and
preparation for dyeing of the substrate and from variations
in the setting of the dyebaths, in the dyeing process itself and
in whatever post-dyeing treatment is applied. Sumner [3]
showed that, in the period immediately before 1976, the
mean error in repeating laboratory contral dyeings was AE
0.30. Much more recently, and with the benefit of automated
dispensing and computer-controlled dyeing machinery,
Harvey and Park [4] estimated the mean repeatability of
dyeing to be AE (.25, even when substrate and water
qualities were carefully monitored to ensure consistency.

So in real life, in a standardising laboratory or in a
dyehouse, it is likely that any measured colour difference
cannot be relied upon to be better than 0.3 CIELAB units
from its true value. Coincidentally, the figure of 0.3 CIELAB
units is usually accepted as being the minimum colour
difference (a "trace’) that an experienced colourist can detect
under ideal conditions. A colorant manufaciurer cannot.
therefore, reasonably be asked to be able to standardise
his products to a greater accuracy than this: still less
could he claim to such an ability. After all, this is all he is
allowed by the precision of his assessment techniques,
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whether visually or instrumentally based.

Is zero variance therefore feasible? The answer today is
‘no’. We aim at obtaining it but the techniques available do
not allow it to be guaranteed. What we cannot see we cannot
assess. Measurement beyond the scope of instrumental
techniques is impossible. Today the best that can be confi-
dently achieved is for the colour difference between standard
and batch material to be just less than one trace, i.e. 0.3
CIELAB units, even in a sophisticated and carefully controlled
laboratory environment.

This equates to £2.5% in strength terms, and this is the
practical limit that ICI achieves with complex products such
as reactive dyes. I will go on to show that these levels are
adequate to achieve right-first-time production, but that any
wider tolerance will reduce the probability of its achievement.
In a paper presented to the AATCC [5], it was demonstrated
that there were clear differences in the standardising limits
of some other manufacturers’ products, with some reactive
dyes exhibiting a batch-to-batch variation of up to 20% in
strength alone.

IMPLICATIONS OF DYE STANDARDISATION

Let us consider a dyehouse with a pass/fail tolerance of AE
1.2, such as would be required by the Marks and Spencer
specification 83A, and assume that a AE of 0.3 is attribut-
able to the standardisation of dye. In order to meet the
objective of 100% right-first-time all dyeings would have to
be within AE 1.2 Therefore the maximum batch-to-batch
variations caused by errors in bulk dyeing would have to be
less than AE 0.9. The processing parameters that can be
responsible for such random errors are:

— Variation in weight and quality of substrate

- Accuracy of machine temperature

— Liquor ratio

- Accuracy of dyes and chemicals weighed out

- Accuracy of pH control.

Control of batch-to-batch variation to within AE 0.9 can
be achieved with correct process and management control
but only by using dyes standardised to the appropriate limits.
(This will be explored in more detail later.)

It is possible to carry out a statistical analysis to calculate
the effect of dye standardisation on first-time passes for a
dyehouse processing a range of shades comprising 80%
three-colour and 20% two-colour combinations.

In Figure 7 it is shown that, working to a specification of
AE 1.2 and allowing a AE value of 0.9 for random bulk errors

100
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20

Cumulative frequency, %

0.4 0.8 1.2 1.6 2 24
AE

Figure 7 — Effect on dyehouse reproducibility of dyes with
the ICI standardising limit of £2.5%
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in dyeing, we find that dye standardisation of +2.5% gives
a probability of right-first-time passes of 93%. The dye lots
requiring some form of shading addition would therefore be
7%. In Figures 8 and 9 the effect on dyehouse reproducibility
of standardising limits of +5% and +10% respectively are
shown, These two latter diagrams illustrate dramatically the
true value of standardisation. Again, allowing a AE value of
0.9 for random dyeing errors in bulk, the probability of
achieving right-first-time production is reduced drastically
when standardisation limits of £ 5% and £ 10% are imposed.
The actual figures are less important than their relativity.
Moving the standardisation limits from £2.5% to +5%
increases the probability of redyes by a factor of 7.4, and by
moving to a standardising limit of £ 10% by a factor of 12.

Cumulative frequency, %

0.4 0.8 12 1.6 2 24
AE

Figure 8 — Effect on dyehouse reproducibility of dyes with
standardising limit of £5%
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Figure 9 — Effect on dyehouse reproducibility of dyes with
standardising limit of £+10%

The implications of these results are shown in Table 2, in
which the standardising limits of a number of suppliers
selling what are described as dyes of the same Colour Index
generic name are quoted. Changing from one manufacturer
to another clearly will carry a major risk of significant
reduction in productivity and an increase in redyes.

In Figure 10 the performance of four different dyestuffs,
described in terms of their Colour Index generic names, are
compared. Naturally, any manufacturer is free to choose his
preferred standardising limits. There is nothing wrong in
choosing values wider than the + 2.5% used by ICI Specialties.
The purpose of Figure 10 is simply to show the variations
that do exist and that will have an implication on perform-
ance expectation.

This is not an academic consideration as anything that
increases redyes has significant financial implications. A



TABLE 2

Strength differences found between dyes of same Colour Index generic
name from different manufacturers sampled over different deliveries

Range of strength relationships (IC! standard = 100)

Dye

{CI Reactive) ICH Others

Yellow 84 598-W102 100-W139
Orange 84 S98-W102 100-W120
Red 120 598-W102 585-W132
Red 141 S98-W102 S97-W127
Blue 160 598-W102 S99-W102
Blue 171 S98-W102 598-W207

S - stronger, W - weaker

16

Cl Reactive Yeliow 84

Number of samples
ok —h —
N B ® O N A

80 100 120 140

Cl Reactive Red 141

Number of samples

N e o o

140

80 100 120

Cl Reactive Red 120

Number of samples

80 100 120 140

16 -
Cl Reactive Blue 71

14
12 -

Number of samples

100

80 120 140

Figure 10 — Strength comparisons of different dye samples with the same Colour Index generic names (ICI standard = 100)

study by Farrington [6] has shown the financial implications
of changing the percentage of right-first-time production in
a UK dyehouse, taking into account both cost savings and
the extra income derived from the extra capacity made
available by not having to do redyes {Figure 11). As an
approximation, if the amount of right-first-time production
isincreased by 10% then extra profit generated in a medium-
sized knitgoods dyehouse amounts to about £135,000 per
annum. Conversely, if the proportion of right-first-time
production decreases by the same amount then £135,000
is removed from the bottom line!

CONCLUDING REMARKS ON STANDARDISATION
ICI’s aim is to standardise dyes to a tolerance that makes
them trouble free in use in processes for which they were

devised and for which they are recommended. The upper
limit of that tolerance must be defined by the user’s practice
and expectation. The lower tolerance is governed by the
limitations of the techniques and technology currently avail-
able, and cannot therefore be lower than AE 0.3 (or one
trace in visual terms). With respect to the strength attribute
alone, this means +2.5%. This is the limit to which ICI
manufactures its reactive dyes, where such tight limits are
needed in the typical fashion colours in which they are used.

Let us assume that the dyestuffs are made by the most
sophisticated of manufacturers and have been standardised
to the limits of what is available today. The next step is to use
these dyestuffs to produce coloured fabric. In this respect
two issues are important: the physical form of the dyestuff
and the actual chemical constitution.
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Assumption for calcuiation:

— Weekly average production = 45000 kg

— Average batch size = 250 kg

— Average price per product = £2.20/kg
Blind dye cycle time 10.5h
Average time per addition 2h

40% of sales value
60% of sales value

Variable costs
Contribution to fixed costs + profit
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First time production without additions, %
Total effect from savings and

———————— increased contribution from
extra first-time production

Savings on variable costs by
improved no-add dyeing

Figure 11 — Effect of increasing the proportion of right-first-
time passes on dyehouse profitability

PHYSICAL FORM

This is an area in which all the major manufacturers have
been active with the development of non-dusty granular
forms and liquid and dispersed forms.

Solids
Originally the only solid form of dyestuffs was powder. This
has the advantage of being relatively easy to make but
presents a number of problems to the user, such as difficulty
in dissolution or dispersion, difficulty or impossibility of
dosing automatically due to poor flow properties, and (of
greatest importance) a high propensity to cause dust. The
creation of dust is a health hazard, it causes contamination
of other dyes and the working environment, and its unwanted
presence leads to weighing errors. All the major manufac-
turers have studied this problem at length. Initial approaches
were to incorporate anti-dust agents onto the powder dye
surface but these did not overcome the solubility or dispersion
problems. The agents themselves are in general oily prod-
ucts, which can give rise to an oily surface to pad liquors, etc.

Today granular brands of various types are produced.
These require sophisticated, highly capital-intensive equip-
ment, as the object is to produce a stable, uniform, non-dusty
grain form that will not break down during transportation but
will readily dissolve or disperse and be suitable for automatic
dispensing.

Because dust more than anything else is a major issue
BASF, Bayer, Ciba-Geigy. Hoechst, ICl and Sandoz have
developed equipment and a protocol for assessing the dust
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levels of dyestuffs. The equipment is being commercialised
by Roaches Engineering Ltd and the procedure is currently
under evaluation as an ISO standard method.

Liquids

There are two types of liquid form: true solutions and disper-
sions. The former are used for acid, metal-complex, basic,
direct and (more recently) reactive dyes.

For true solutions two essential requirements exist: the
dyes have to be both chemically and physically stable to
storage and transportation, and should be as close to the
strength of the solid brand of the dye as possible. It can be
safely said that the technology is still being developed to
obtain the ideal profile. Chemical stability is conferred by the
use of buffers, which prevent hydrolysis of the molecules.
Satisfactory performance has been obtained with most
reactive dyes, but it is interesting to note that the more
reactive types are still not available in liquid form.

Physical stability and strength are linked. The higher the
strength of the dye solution, the more risk of supersaturation
and precipitation. One key step is to reduce the level of
electrolyte in the dyestuff formulation (increasing solubility
and reducing the tendency to aggregate) by desalination
methods. All major manufacturers are currently active and
patenting methods to improve solubility through the use of
‘state of the art’ technology.

With dispersions the physical chemistry is more complex.
Here the objective is to produce a uniform dispersion of
insoluble particles that are physically stable at all tempera-
tures they encounter (-25 to 125°C) and show no propensity
to precipitate or settle during storage. This is an extremely
complex set of requirements to fulfil and manufacturing
know-how is closely quarded. There is also no easy way of
assessing dispersibility or dispersion behaviour, and a range
of specific tests are needed to determine the performance of
a dye in practice. These have recently been reviewed [7].

Usually the formulation of a dye dispersion is a compro-
mise between several conflicting requirements, e.g. high
temperature stability, non-settling during storage, compat-
ibility with reactive dyes or non-staining of cotton when used
on polyester/cotton, compatibility with printing thickeners,
whether the agents should be anionic or non-ionic, and cost-
effectiveness, amongst others.

Dispersion characteristics tend to vary from manufacturer
to manufacturer. The user will soon discover those products
most suitable for his particular processes but, as with other
dyes, mixing products from different suppliers is not rec-
ommended. Neither is just buying on price. There is a cost
to the user of these techniques that build robustness and
‘insurance’ into the dyestuff formulations {liquid, dispersions
and solids}. The dyer does not have to buy these products,
but he does have to accept the consequences of purchasing
a cheaper but less sophisticated formulated alternative.

CHEMICAL CONSTITUTION
Some years ago it appeared that there would be less scope
for the development of new dye molecules once product
legislation and increased toxicological testing were, intro-
duced. This has not been the case and development has
continued. There are three areas where this has happened:
1. The traditional development of more cost-effective
chromophores, e.g. replacement of anthraquinone dyes
2. The development of new dyes better able to meet the



new, more demanding fastness criteria

3. The development of ranges of dyestuffs — together with
application processes — that provide greater reproduci-
bility or more cost-effective dyeing processes.

In the latter two instances it is interesting to note that, with
the greater financial awareness in today’s industry and the
focus on overall cost performance, the dyestuffs introduced
have in general been more expensive to manufacture. In use
they have either been more cost-effective {total dyeing cost
including costs associated with reduced redyes) or they have
opened up new consumer outlets for the products.

THE BULK DYEING SITUATION

So far we have considered manufacture, standardisation and
supply of dyes to the user, Let us now consider what
happens next. We have assumed that even with dyes bought
from the most sophisticated suppliers with a high-quality
standardising laboratory there will be a variance of AE .3
likely from random batch-to-batch errors. Therefore, in
order to have the probability of achieving 100% right-first-
time production, the bulk operation can only introduce a
further variance of AE 0.9 units {to achieve a target of AE
1.2). As already stated, Sumner’'s work in 1976 [3] also
demonstrated that the random error obtained with control
dyeings had a mean of AE 0.3, which further demonstrates
the need for very tight process contral in bulk.

The starting point to produce a bulk dyeing is usually a
laboratory dyeing, assessed by instrumental techniques.
Neither the laboratory dyeing nor the assessment techniques
is error free, as has been shown by recent workers (4.8].
Even if the dye manufacturer has provided colouristic data
(e.g. L*a*b*} obtained under the manufacturer's conditions
on the manufacturer’s instrument, these cannot be directly
used for input into a second machine.

Machines differ considerably and differences between the
same sample measured in different machines can be in the
range 0.5-1.5 AE units. New machines, such as the ICS
Spectraflash 500 and Macbeth Color Eye 7000, claim
reproducibility from machine to machine to be below 0.5 AE
units. But such machines have only recently been introduced.
Using data from one machine to predict shades on a second
will give very poor reproducibility.

Therefore the starting point must be to do a laboratory
dyeing, using identical conditions to bulk, on every new dye
introduced and to measure the dyeing on the locally available
instrument. This does not mean assessing every batch, but
it does mean assessing every alternative supplier.

The situation has been helped by the European dyestuff
manufacturers establishing common testing procedures and
pubiishing them so that users can compare data on, for
example, solubility [9-11]. The variables that influence the
resultant dyeing in bulk are listed below.

1. Dye selection
2. Dye standardisation
3. Consistency of material

- Homoegeneity of construction and preparation

- Consistency of preparation (and conditioning)

— Weighing errors (substrate and chemicals)

~ Weighing procedures (e.g. some operations weigh

fabric in the bulk in the grey state and in the laboratory
in the prepared state, and et use the same recipe on
both; this could introduce a variable error as great

as 10% on occasions)

4. Methods (using different methods in laboratory and bulk)
5. Robustness of shade to process variable

- pH

— Temperature

— Liguor ratio

— Salt concentration

- Chemical quality

- Water quality

Let us now look at some typical examples ICI has
encountered of how these factors can introduce processing
errors, taking evidence from real industrial situations.

Dyehouse A

Completely ignores the importance of water quality. Assumes
water quality is consistent and takes no steps to check for
variations. How safe are these assumptions? And if they
involve any degree of risk, how real is that risk?

The use of a water-softening plant is widespread in
indusiry. The major concern surrounding the use of hard
water lies with the rernoval of calcium and magnesium ions.
Softening by cation exchange, however, leaves residual
bicarbonate. Seasonal, and even daily, variations of bicar-
bonate are not uncommon and can lead to both unlevelness
and loss of reproducibility with reactive dyes. AE variations
as great as 3.75 units have been found by Harvey and Park
[4] to be caused by differences in water supply alone.

Dyehouse B

Uses different techniques to weigh the substrate in the
laboratory and in bulk. Fabric is weighed in the grey state in
bulk and in the prepared state in the laboratory, but the same
dye recipes are used in each case. This automatically
introduces an error that can vary according to the degree of
preparation and that can be as great as + 10%.

Dvyehouse C

Does not use the same dyeing method in the laboratory as
in bulk (this is very common!), and does not use the same
auxiliaries in the laboratory as in bulk (even more common!).
Anicnic auxiliaries can reserve dye yield and do not always
offer the same reservation of yield when used alone as when
used in admixture.

This dyehouse was having difficulty supplying goods dyed
to a pink and a grey shade to Marks and Spencer @olerance
AE 1.2, M & S 83A). ICl found the inherent error between
applying the same dye recipe by the laboratory and bulk
methods was AE 1.1 for the grey shade and AE 2.3 for the
pink shade.

Dyehouse D

Had poor temperature control and poor management of the

total dyeing time. It was applying reactive dyes by isothermal

techniques, adding dye and salt, dyeing for 30 min at 80°C,

adding alkali and continuing to dye for 60 min at 80°C,
The variation of a blue shade due to poor control of time

and temperature is shown in Table 3.

These four brief case studies show that errors introduced
into the dyeing process can completely negate the technology
built into dyes that are standardised to the most accurate
levels possible. In other words, even the most accurately
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TABLE 3

Influence of time and temperature on variance

Difference in AE {CIELAB units) at different
fixation time following addition of soda ash

thread fleece, dyed to a mid-grey shade

— Eighteen batches of 1500 m (690 kg) were to be dyed over
a twelve week period to meet Marks & Spencer’s off-take
requirements

— A maximum shade tolerance of AE 1.2 (M & S 83A) was
permitted, which is equivalent to approx AE 0.7 CIELAB
units

Temp. — Eighteen batches were dyed by the New Select process in
Q) 45 min 60 min 75 min 90 min a Thies Eco-Soft machine (5000 1) at a liquor ratio of 7.2:1
— The dyeing of the 18 batches over the twelve week time-
scale involved changes in drum deliveries (different mix-

75 2.00 1.00 0.86 1.30 ings) of four of the six dyes used
gg (1)28 g‘czlnotrol 132 ?28 — All dye lots were blind-dyed following acceptance of the

standardised and sophisticated dyestuffs only give trouble-
free operation in well managed dyehouses. Poorly standard-
ised dyestuffs are unlikely to prove satisfactory even in well
managed dyehouses.

WHAT IS POSSIBLE IN PRACTICE?

The influence of dye selection on process reproducibility is
a major factor and has been covered previously [5]. If dyes
are used that are sensitive to likely variables in processing
conditions, then no matter how tightly they are standardised
they will still give poor reproducibility. The variances that [C]
found when using a number of different reactive dye systems
according to the supplier's recommended application con-
ditions to produce a grey shade are reported in Table 4.
Process conditions were varied in a deliberate and carefully
controlled manner.

Erom all the above comments it might be assumed that
right-first-time is an impossible dream. This is not the case.
When proper care and attention is taken, impressive results
can be obtained. For example, a joint programme of work
was carried out involving a major knitgoods dyehouse in the
UK, and ICI Specialties. The objective was to assess the bulk
reproducibility of the New Select (ICI) process by a data-
gathering exercise followed by a statistical analysis of the
results. The complete background was:

— The UK knitgoods dyer received an order from Marks &

Spencer for 27 000 m of 30/70 polyester/cotton three-

TABLE 4

first batch

— The maximum difference observed between 18 dye lots
after dyeing and finishing was AE 0.7 (M & S 83A) or AE
0.5 (CIELABY), i.e. 100% right first-time.

CONCLUSIONS

1. Extended use of colour measurement in conjunction
with built-in visual inspection can result in standardisa-
tion which gives a variance of £2.5%.

2. A ‘trace’ difference is what the human eye can see and
this approximates to the same levels of accuracy that
current state-of-the-art instrumental systerns can give
{AE 0.25-0.30).

3. Standardisation to more exact levels is impossible. What
we canriot see, we cannot measure. Zero variance is the
target, but current technology only allows +2.5% to be
obtainable.

4. The ability to achieve right-first-time production in bulk
is directly related to the degree of standardisation used
by a supplier, and becomes significantly less if levels
+2.5% exist.

5. The physical form and chemical constitution are impor-
tant in determining the performance and suitability of
dyes in practice.

6. Standard tests have been published that enable users to
assess the properties of individual dyes.

7. Other factors that significantly influence the ability to
reach right-first-time level of acceptance are:

- Choice of dye
— Choice of supplier

Dye selection and robustness to processing conditions

Salt Alkali Fixation Liquor
concn conen time Temp. ratio
Reactive
dye
system 210%  +10% -10%  +10% -15min+15min -5°C  +5°C -2:1 +2:1
System 1 0.20 0.70 0.70 0.80 0.20 0.70 0.70 060 070 0.40
System 2 (2.30) {2.00) (2.20) (1.80) (2.00) (2.00) (2.00) (2.00) (1.50) (2.20)
System 3 1.20 0.90 1.00 {2.60) 1.20 0.70 {1.80) (1.80) 0.60 0.70
System 4  0.70 (1.60) (1.40) - 1.00 (1.40) (1.90) 1.10 060 (1.30) 1.00

AE* values in CIELAB units
Colour difference from standard dyed under recommended conditions
Bracketed figures indicate results outside AE* 1.2 specification
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- Choice of process

— Process control

— Ensuring laboratory and bulk practice are the same

- Forgetting common sense, putting blind faith in
technology.

8. The errors that can be produced in a badly managed

practical situation are greater than the rcobustness or
‘insurance’ that can be built into the most accurately
standardised product.

. The formula for success is to operate standardised pro-
cedures. Once they are established they should be kept
running, and the temptation to take short cuts or to
switch from supplier to supplier without first analysing
the likely consequences on production should be resist-
ed.

10. Levels of right-first-time performance significantly greater -

=90 NS

—

than 90% can be obtained.

11. The integration of all these aspects is what is covered by

the phrase ‘customer/supplier partnership’, a concept
that ts becoming increasingly attractive within the indus-
try at large.
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