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A preliminary investigation has been made of the concept
of using transmission of solutions of diluted dyebaths as a
means of monitoring the baths prior to use in bulk-dyeing
processes. So far this has been done only by calculation,
using the methods of computer match brediction, to establish
a correlation between the colour of the diluted pad-Liquor in
the application of Dispersol T and Procion T dyes to a poly-
ester—cotton blend fabric by a pad-bake process, and the
expected colour of a dyeing made from it. The correlation
obtained suggests that the method justifies further develop-
ment work, in circumstances specific to its intended use,

as a means of checking that a prepared dyebath is suitable
to produce a dyeing which is within specified tolerance
limits,

INTRODUCTION

The effect which errors in the make-up of a dyebath or pad-
liquor can have on the colour of the resultant dyeing has
been investigated in some detail by Sumner (1]. His work
showed that such errors ecould be an important cause of non-
reproducibility of colour, One way to eliminate this is by
refinement and control of the procedures for weighing and
dispensing the dyebath constituents. An alternative or com-
plementary method would be to monitor the suitability of
the prepared bath before starting to dye from it. So far as
the dye components are concerned, the use of transmission
measurements on a suitably diluted sample of the dyebath
suggests itself as a feasible approach.

It is possible in principle to analyse guantitatively the
composition of a bath containing known dyes, from the
measured transmission curve of a suitably diluted sample
of the bath and a knowledge of the transmission curves of
the constituent dyes in the same solvent as that used to
dilute the bath. In practice, the accuracy of this method
depends on the absence of interaction between the dyes in
the chosen solvent, and is in any case limited if there is much
overlap in the transmission curves of the dyes. Even when
an accurate analysis is possible by this method, it is not easy
to relate any deviations from the specified composition to
the expected effect on the colour of the dyeing, except in
cases of gross error.

From the practical point of view, it would be preferable
to develop a method in which the measured colour of a
suitably diluted sample of the dyebath could be related
directly to the expected colour of a dyeing made from it.
It should then be possible to set tolerance limits for the
colour of the dyebath, to meet whatever colour tolerance
limits must be satisfied in the dyeing. Provided the colour
difference between a formulated bath and a standard dye-
bath lay within these limits, dyeing could safely proceed.
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If it did not, corrective action would be needed before the
bath was used for bulk dyeing. The development of a satis-
factory method of this kind should guard against the produc-
tion of off-shade dyeings, particularly for established recipes.

EXPERIMENTAL

So far this approach has been investigated only by calcula-
tion, to obtain an impression of its thearetical feasibility,
In order to do this, use was made of the methods of match
prediction to compute the expected colour of dyeings made
from dyebaths of various compositions. A madification of
these techniques was used to compute the colour, as deter-
mined by transmission measurements, of diluted samples of
the same baths. The correlation between the two sets of
colours was then investigated.

The system chosen for the trial calculations was the appli-
cation of Dispersol T and Procion T dyes to polyester—cotton
blends by the recommended pad—thermofixation process for
these products. Calibration of these dyes for a colour match
prediction service has been carried out fairly recently, and
subsequent use of the service has shown that accurate first
predictions are generally cbtained, Consequently, the calibra-
tion data can be used with confidence as a reljable guide to
the expected colour of a dyeing made from a pad-liquor of
known composition. In this match prediction system, the
colour of the polyester component is separately related to
the concentrations of the Dispersol T dyes in the pad-liquor,
and the colour of the cotton to the Procion T dye concentra-
tions. In both cases the fractional reflectance (Ry) at wave-
length X is related to the concentrations of the dves in the
liquor (Cy, €, etc.) by the expression

(Ki=R\)? . (K, =Ry?
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where R is the reflectance of the undyed substrate at wave-
length XA, R, is a constant (Ro = 0.005 in the system) and
Ky =1+ Ry A,y is the absorption coefficient of Dye 1 at
wavelength X, and these absorption coefficients are deter-
mined by the individual dye calibrations referred to above,
A, values can be calculated for any pad-liquor composition
{Cy, Cy, etc.) from Eqn. 1, and from the Ry velues it is
possible to catculate the colour of the dyeing. In this work,
the colour was expressed in ANLLAB 40 units, under |Humi-
nant C using 2° field Standard Observer Data. The R values
were calculated at 16 wavelengths from 400 nm te 700 nm
at 20 nm intervals.

In order to evaluate the colour of the corresponding
diluted pad-liquor, the same dyes were calibrated for trans-
mission characteristics in 50% aqueous pyridine, This is a
suitable solvent for both the Dispersol T dyes and the
Procion T dyes, in which the Beer—Lambert law is obeyed,
i.e. the absorbance is proportional to the concentration of
dye in solution. Hence an analtogous relationship to Egn 1
can be formed to relate the fractional transmission {T,) at
wavelength A to the concentration {x1x5...) of the dyes in
the diluted liquor, viz,



—10g;oTy = —togio7s + Barx1 + Baaxa + Braxs... (2)

Here T is the transmission of the solvent at wavelength A
and B, is the absorption coefficient of Dye 1 at that wave-
length, The 8, values were determined for each dye used by
separate measurement of transmission of solutions of the
dye in 50% aqueous pyridine over a range of concentrations,
From T, values, calculated from Eqn 2 for a diluted pad-
liqguor of known composition [x;, x,, etc.), the colour of
the diluted liqguor was computed. Again, this was expressed
in ANLAB 40 units under [lluminant C and using 2° field
Standard Observer Data, from T3 values calculated at the
same 16 wavelengths as the A, values,

A number of target recipes were set up, using Dispersol T
or Procion T dyes separately. The colour of the dyeing and
that of the diluted pad-liquor were computed for the target
recipe, and for a pattern of variations about the target
recipe as follows:

Recipe No. Target 1 2 3 4 5 6 7 8
Dye 1 0 + - - — 4+ 4+ 4+ -
Dye 2 0 -+ - + - + + -
Dye 3 0 - -+ + + - + -

where 0 = target concentration of dye
+ = 1.1 X target concentration of dye
— = (0.9 X target concentration of dye

The correlation between the computed colour of the diluted
pad-liquor and of the dyeing for each of these variations was
then investigated.

This investigation is complicated by the fact that devia-
tions from the target colour of the solution and of the dyeing
occur in three-dimensional colour space, The approach taken

(a) Uncorrected

to resolve this difficulty was to split the deviation into a
strength component and a second component representing a
combined difference of hue and brightness. This is more
informative about the nature of the deviation from target
colour than an overall colour difference measurement, and
it permits a simple interpretation of the results. The split for
the dyeings was made using the concept that Integ value is
directly proportional to the depth of a dyeing [2], where
Integ is defined by:

A=1T700 2 2
Integ = {(Kl_ﬁ?\) _ KAyl }I (% +75 +20)...(3)
Q A Rol 2R, — RS ™ P

i), is the spectral power distribution of lHuminant C, and
%y, P 2y are the 2° field Standard Observer Data. Integ
value was calculated for the target recipe and for each recipe
variation, and the ratio gave a measure of the strength devia-
tion produced by each variation to recipe. Correction for
this strength deviation was then made to each recipe, and the
ANLAB 40 L, A, B values recalculated at equal strength to
the target. These recalculated values were compared with the
L, A, B values for the target recipe. Once the strength devia-
tion has been allowed for in this way, a two-dimensional A,
B diagram may be used for the comparison without loss of
accuracy.

The same device was used to clarity the transmission
results on the diluted liquors, using the analogous function
Integ, to represent the overall strength of a solution, where

A=700

T
Integg = 3 (—Iogm TE)IA(XA+7;\+ZA) {4)
A=a00 s

The procedure was then identical to that used in the dyeing

calculations, to correct the solution measurements to equal
strength to the target recipe.

{b) Corrected to Target Strength
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Figure 1 — A, B Diagrams for Transmission Measurements — Recipe 1
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The clarity introduced into the results by this device is
demonstrated in Figure 1. In the left-half of the figure, the
uncorrected A, B values are plotted for transmission measure-
ments on the target recipe and the recipe variations, numbered
according to the scheme given above, It is apparent that mark-
edly different variations to recipe are poorly differentiated
in the A, B diagram by this approach, In particuiar, variations
7 and 8, which represent differences in overall concentration
of dye only with the ratio of the component dyes remaining
constant, show similar deviations to recipes in which the
ratio of the component dyes has been varied. In the right-
half of the figure, the varied recipes have been corrected for
strength deviations as described above, before the plot has
been made. The different recipes are now clearly differen-
tiated from each other, and the hue/brightness differences
for variations 1 to 6, in which the component dye ratios have
been changed, are displayed. Variations 7 and 8, which are in
overall concentration only, now virtually coincide with the
target recipe.

RESULTS AND DISCUSSION

A, B diagrams for dyeings and solutions to five different
target recipes are given in Figures 2 to 6, after correcting the
recipe variations for strength differences in both the dyeings
and the diluted dyebaths, It is apparent that in each case the
pattern of deviations from the target colour in the solutions
correlates well with the deviations from target colour in the
dyeings, although of course the absolute values of the target
colours in the two media differ considerably. This suggests
that it would be possible to establish for each colour a toler-
ance ellipse for solution measurements, which would ensure
that the resultant dyeing was within a specified tolerance of
the target for combined hue and brightness, provided all
other variables in the dyeing process were adequately con-
trofled. The strength correction made to the solution measure-

ments in the course of the calculation could also be monitored
against a pre-determined strength tolerance in the resultant
dyeing.

This last statement merits further discussion, since the
situation with regard to strength will differ between a padding
system, used here as a model, and an exhaust-dyeing system,
In the former case, if constant expression at the pad is
obtained, there will be a nearly one-to-one relationship
between the strength of the dyeing and the strength of the
pad-liquor from which it is made. In exhaust dyeing, how-
ever, the strength of the dyeing is not related to the concen-
tration of dye in the dyebath in such a simple way. In any
such system where the final exhaustion of the bath is reason-
abty high, the amounts of dye to be used are properly
specified as percentage on fibre weight. If dyes are weighed
accurately according to this specification, but the liquor-to-
goods ratic differs from the standard value, the concentration
of dye in the liquor will differ accordingly, This difference
in dyebath concentration will have a much smaller effect on
the strength of the dyeing in an exhaust system: in the limit
at 100% exhaustion it will have no effect at all. On the other
hand, a similar difference in dyebath concentration produced
by an error in weighing one or mare of the compenent dyes,
at constant liquor-to-goods ratio, will have a nearly one-to-
one relationship with the strength of the dyeing, as in the
padding system. This limits the usefulness of the strength
measurement on a diluted dyebath as a control, unless the
liquor-to-goods ratio is strictly controlled. It does emphasize,
however, the value of this approach in which the strength
factor is separated from hue and brightness indications. The
latter can still be monitored accurately in exhaust-dyeing
systems, even when variations in liquor-to-goods ratio make
the strength of the diluted dyebath of doubtful value as a
control variable.

Consideration must be given to the dilution of the dyebath
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Figure 2 — A, B Diagrams for Dyeings and Solutions — Recipe 1 fcorrected for strength)
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Figure 3 — A, B Diagrams for Dyeings and Solutions — Recipe 2 {corrected for strength)
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Figure 4 — A, B Diagrams for Dyeings and Solutions — Recipe 3 {corrected for strength)
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Figure 5 — A, B Diagrams for Dyeings and Solutions — Recipe 4 (corrected for strength)
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Figure 6 — A, B Diagrams for Dyeings and Solutions —
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Recipe 5 (corrected for strength)



at which the transmission measurements are made. It is
important that this is such that very low transmission values
at the peak absorption wavelengths of the transmission curve
are avoided. In practice a dilution to give an absorbance of
about 1.5 at the peak absorption wavelength will give the
best overal! accuracy. With this proviso, the correlation
between the colour of the solution and of the dyeing does
not depend critically on the dilution factors. For example,
the target recipes in Figures 4 and 5 differ only in the total
concentration of dyes used, and the same solution concentra-
tion has been used for each. Thus the dilution factor is 100
in one case and 300 in the other, but the correlation between
the colour of the solution and of the dyeing is equally good
in both cases.

Although the trial calculations have been confined to a
single dyeing system, it is probable that the correlation found
would apply to any direct dyeing system in which the colour
of the dyes in solution broadly parallels their colour on the
fibre. For each system, of course, it would be necessary to
establish a suitable solution measurement method, and to
assess this critically for precision according to the stability
of the dyes in solution and the reproducibility of the instru-
ment to be used. Such an examination hasnot been attempted
in the present work, since it is obviously specific ta a parti-
cular dyeing system and instrument.

PRACTICAL APPLICATION
Practical application of this method of monitoring the suit-
ability of a dyebath for use in bulk would require the labora-
tory dilution of a sample from the formulated bath, and
measurement of this diluted sample on a transmission spectro-
photometer. The resultant transmission data would then be
compared with standard data for the recipe in question.
This could be obtained by a second measurement of a
laboratory-prepared solution representing the correct com-
position, which would eliminate the possibility of error due
to insufficient absolute accuracy in the spectrophotometer.
Alternatively, it this accuracy was found to be sufficient,
the reference data for the recipe could be stored from a
prior measurement, far example from the first dyebath used
to produce the colour in question without shading additions.
The colour difference between the diluted sample from the
pulk dyebath (corrected for strength) and the standard solu-
tion would then be computed, and compared with the toler-
ance limits in an A, B diagram. These tolerance limits could be
set in different ways. |f quantitative limits had already been
established for the dyeing, these could be translated into the
corresponding solution limits by the techriques described
in this paper. {f not, the limits could be established over a
period of time by monitoring each bulk dyebath in the way
described and correlating the results with the acceptability
of the resultant dyeings.

It is clear that this approach to improving the repro-
ducibility of dyeings is feasible only if appropriate spectro-
photometric and computational facilities are available.
However, the increasingly widespread use of such facilities
in dyehouses, for purposes such as recipe prediction, shade
passing and shade sorting makes this less of a restriction than
it would have been some years ago. Employment of the
equipment in this additional way could well represent a
valuabie saving in the avoidance of shading additions or off-
shade material. It would also be of value, in cases where off-
shade material was produced in spite of correct dyebath
composition, to know with certainty that this was the case
and that some other reason should be sought.
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APPENDIX

Pad Liquor Recipes used in Calculations

Dilution for

Salution
Measurement
Recipe 1 20 g/l Dispersol Yellow T—8G Liquid 500:1
{C.I. Disperse Yeliow 183}
5 g/l Dispersol Red T—2B Liquid
(C.l. Disperse Red 288)
5 g/l Dispersol Blue D—5G Liquid
(C.1. Disperse Blue 288)
Recipe 2 15 g/l Procion Yellow T—7G Liquid 100:1
{C.l. Reactive Yellow 132)
20 g/t Procion Red T—2B Liquid
(C.l. Reactive Red 177)
30 g/l Procion Blue T—G Liguid
(C.l. Reactive Blue 172}
Recipe 3 5g/l Dispersol Yellow T—8G Liquid 100:1
5 g/l Dispersol Red T—2B Liquid
20 g/l Disperso! Blue D—5G Liquid
Recipe 4 15 g/l Dispersol Yellow T—8G Liguid 300:1
15 g/l Dispersol Red T—2B Liquid
60 g/i Dispersol Biue D—5G Liquid
Recipe 5 5g/l Dispersol Yellow T—BG Liquid 100:1
20 g/l Dispersol Red T—2B Liquid
5 g/l Dispersol Blue D—5G Liquid
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