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The commercial dyer (and printer) incurs severe financial penalties if right-first-time production,
using blind processing techniques, is not achieved. The philosophies of quick response and just-in-
time processing also require that corrections and reprocessing are eliminated. The laboratory must
be the nerve centre of the dyeing or print works if the above techniques are to be successfully
exploited. The functions of the laboratory servicing the coloration processes are discussed briefly.
Many of these functions depend cn laboratory dysing technigues that have often been justifiably
criticised in the past for lack of accuracy and reproducibility, particularly when scaling-up into bulk
procedures. Evidence is included to substantiate some of these criticisms and reasons for the lack
of reproducibility are given. Finally methads of achieving a high degree of accuracy in laboratory

dyeing, which allows results to be transferred directly into bulk, are mentioned.

INTRODUCTION

A number of important reasons can be advanced for the
need to obtain a high degree of reproducibility in the bulk
dyeing process. Some of these are concerned with the
need for a quick response to the market place, just-in-
time processing to minimise stock holding and the
achievement of right-first-time production if the previ-
ous two requirements are to be met.

Perhaps the most important reason for obtaining re-
producibility in bulk dyeing is that of economy. The
exhaust dyer incurs severe financial penalties if right-
first-time processing is not achieved, as illustrated in
Table 1. The continuous dyer or printer seldom has the
opportunity to correct faulty production.

Table 1 Cost comparisons

Technique Relative cost
Blind dyeing 100
Dyeing with correction 130
Strip and redye 170

Dye, strip and redye 300

Many dyehouses still operate a just-in-case concept
and accept substantial reprocessing and redyeing as the
norm. Increasing commercial pressures, the need for
efficient, short, robustand reproducible dyeing processes,
often in conjunction with automation, have increased
the importance of and pressures placed upon the labora-

tory function in the dyehouse. High-quality laboratory
dyeing allows blind dyeing techniques with high success
rates to be employed with the financial rewards outlined
above.

Thelaboratory should therefore have become the nerve
centre of the dyeing operation.

IMPORTANT FACTORS FOR
REPRODUCIBILITY

To obtain reproducible dyeings and at the same time
achieve a tight tolerance for standard/batch colour match-
ing, approximately 15 factors must be either controlled or
changes in them monitored. These factors are listed in
Table 2. Asimilar series of factors applies to aftertreatment

Table 2 Important factors for achieving
reproducible dyeings

Quality of water supply

Preparation of substrate

Dyeability of substrate

Weight of substrate

Weighing of dyes and chemicals
Dispensing method for dyes and chemicals
Selection of dyes

Standardisation of dyes

Moisture content of dyes

Moisture content of substrate at weighing
Dyebath additives

Liguor ratio

pH ot dyebath

Machine flow and reversal sequence
Time/temperature profile
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processes. Thelaboratory hasanimportant part to playin
setting up procedures, then carrying out the control and
monitoring of these parameters.

There is no point in trying to carry out blind dyeing to
high standards without a tight control on these factors.
For example, in an“average’ dyehouse, where only aver-
age or typical control and monitoring strategies were in
place, 29 dye lots were blind dyed to the same colour with
a standard formula. These showed an average colour
difference between batch and standard of AE 1.8, but the
spread of colour differences was from AF 0.4 to 2.81.

FUNCTIONS OF A DYEHOUSE
LABORATORY

Many of the functions of the laboratory are based on
dyeing techniques and these activities can be categorised
as follows:

(a) Evaluation and selection of dyes and chemicals to-
gether with the development of appropriate applica-
tion techniques for the related production machinery
in use

(b) Preparation of database for the rationalised range of
dyes selected from the above for computer colour
matching (CCM)

(c) Colour matching by computer-assisted or conven-
tional methods together with correction dyeings
(d)Evaluation of substrate deliveries, particularly for
dyeability, and the preparation of correlation dyeings
to update database to allow for substrate changes

when using CCM technology

(e) Checkingof dye deliveries for strength and hue against
a standard.

ACCURACY OF LABORATORY DYEING

Many criticisms, often justifiable, have been made re-
garding the accuracy of laboratory dyeing results, al-
though few quantitative studies have been published to
support these criticisms. Many practical dyers have been
highly suspicious of laboratory matchings, their first
action being to subtract 10 to 15% from the quantities
specified in laboratory recipes before proceeding to bulk
dyeing. This is, of course, counterproductive, since in
most instances at least one colour addition is guaranteed
when the subtracted quantities (or more) have to be
added subsequently to the batch. This immediately in-
curs the cost increases shown in Table 1.

To achieve a satisfactory service from the laboratory in
any of the functions discussed earlier, two main con-
ditions must be met:

{a) Thelaboratory dyeing procedure must correlate with,
and preferably imitate, bulk practice

(b) Accuracy of weighing and measuring must be of a
high order in both the laboratory and the dyehouse.

1. Throughout this paper colour differences are quoted using the
CMC (2:1) equation
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LABORATORY PROBLEMS

Many of the problems of obtaining laboratory-to-bulk
reproducibility are associated with the lack of a
commonality of methods, inaccurate weighing and meas-
uring, and the absence of standard operating procedures
(SOP).

In asurvey carried out on alarge number of dyehouses
worldwide, itis surprising how many of the factors listed
in Table 2 are different in the laboratory and the works.
Those most commonly found at variance are:

- Water supply used

- Different substrates

- Source of dye sample

- Dye application method

- Liquor ratio

- pH of dyebath

— Time/temperature profile

— Weight basis of substrate

— Method of assessing colour.

Typical of the results obtained from the dyehouse
survey mentioned above are those shown in Table 3.

Table 3 Accuracy of laboratory dyeing (four colours dyed
four times by five technicians)

Within-technician Between-technician

variation variation
Average (AE) 0.83 t.44
Spread (AE) 0.2-3.4 0.22-4.7

The use of CCM techniques also suffers from the
inaccuracies of laboratory dyeing, even if high-quality
database is available, as shown in Table 4. This is typical
of the results obtained from the ‘average’ dyehouse even
when, as in this example, the predicted formulae were
dyed on the same substrate as that on which the database
had been prepared.

Table 4 Results with CCM technology (recipes
predicted for ten colours)

Colour difference from target!®

First prediction  After correction

Average (AE) 2.9 1.8
Spread (AE) 1.32-5.3 0.8-38

(a) Well run system will give first predictions below AE = 1.0

TRANSFER TO BULK

The use of standardised procedures and a common level
of accuracy between the laboratory and bulk processing
will largely guarantee reproducibility in the scaling-up



procedures. To achieve reproducibility within the lab-
oratory, dye solutions or dispersions must be prepared
accurately, the substrate mustbe weighed accurately, the
calculated amounts must be dispensed accurately and
the dyeing procedures must be carried out with care.

As already mentioned, dye selection is an important
factor and simple product substitution is no longer an
option when high levels of reproducibility are required.
Testing of dye and substrate deliveries must also be
carried out. Cleanliness and orderliness in the laboratory
are equally important as accuracy.

COMMUNICATION

Dyeing reproducibility depends on the control of a
number of parameters. As in many other areas, lack of
communication can cause serious problems. It is appar-
ent from the above that many problems can occur if
specifications are not established with the suppliers of
various materials and accepted by both parties as the
basis for a working arrangement. This means that a
continuous dialogue must exist between supplier and
user, whether the commodity involved is dyes, chemi-
cals, substrates or even water.

In this respect, the laboratory supplies a service to the
production unit and in this area also requirements must
be specified and a continual dialogue must exist between
laboratory, technical and production staff.

AIDS TO IMPROVED LABORATORY
ACCURACY

Although there is no substitute for adequately trained
laboratory statf together with well documented and stand-
ardised procedures, a number of developments have
occurred to assist in the reproducibility of laboratory
dyeing. The initial steps in the laboratory dyeing process
of solution/dispersion preparation, substrate weighing,
recipe calculation and dyebath preparation can be auto-
mated. Although a fully automated system of this type is
expensive and perhaps difficult to justify in many labora-
tories, the author’s laboratory has developed a low-cost
system based on an automatic burette and electronic
dispensing pipettes (EDP) which allows a high degree of
accuracy to be obtained.

Laboratery dyeing machines with sophisticated con-
trollers, multi-product injection facilities and even robot-
ics are now available.

LIMITS OF ACCURACY

It is perhaps appropriate to summarise the limits of
accuracy that can nowbe obtained in the dyeing operation,
taking note of some of the limitations that can be imposed
by variables outside the dyer’s control but which must be
monitored. This information is summarised in Table 5.

Table 5 Limits of accuracy

AE
Matching tolerance 1.0
Substrate variability in dyeing Upto 4.0
Vartability in water supply Up to 3.0
Instability of dye solutions/dispersions 3.0-5.0
Computer prediction — typical system 2.5-3.0

— optimum system Below 1.0

Variation in weighing of 5% 25
Repeat knitting or card-wrapping for

colour assessment 0.15
Batch leveiiness 0.2
Repeatability in bulk 0.2
Laboratory dyeing repeatability 0.12

Spectrophotometer reproducibility 0.051t0 0.2

CONCLUSION

This paper has indicated that it is now possible to obtain
a high degree of accuracy in laboratory dyeing, and
methods are available for these results to be transferred
to bulk with success. Many dyehouses throughout the
world are achieving a high level of right-first-time blind
dyeings to tight matching tolerances.

However, for this process to be successful, many fac-
tors must be controlled, including the selection and con-
trol of dyes, the control of substrates, the preparation of
adequate database for computer colour matching tech-
nology and accuracy of laboratory dyeing. Many organi-
sations find it impossible to undertake this work in their
own laboratories, and assistance in these areas is often
sought from companies specialising in this field.
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