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Three different binary mixtures prepared by mixing disperse dyes having close hues were applied
to polyester fabric at 4.0% total depth. The compatibility of dyes in these binary mixtures was
assessed qualitatively through use of various plots constructed from the differences in the CIELAB
colour coordinates AL*, Aa*, Ab* and AC*,, with respect to the undyed substrate, as well as the
hue angle and K/S values. The compatibility behaviour shown by the three binary mixtures in the
absence and the presence of levelling agent has been explained on the basis of molecular mass

and colour strength of the component dyes.

INTRODUCTION

Compatible dyes, when applied in admixture, give an
on-tone dyeing, in which the colour increases at
constant hue. Different parameters affect such a
dyeing, e.g. time of half dyeing [1], rate of diffusion of
dye (which depends on the relative molecular mass
(rm.m.) of the dye) in the fibre [2], solubility and
interaction of a dye with other dyes in the dyebath [3],
etc.

Parameters related to colour such as hue angle [4,5],
differences in hue and brightness [6], lightness and
chroma [7] and Munsell colour values [8] have been
made use of to assess the compatibility of dyes. We
have reported some results on the basis of CIELAB
colour coordinates for qualitative assessment of the
compatibility of dyes having close hues in a tertiary
mixture dyed in the absence and presence of a nonionic
levelling agent [9-11]. A survey on different dyeing
systems and levelling agents used to obtain uniform
and barré-free dyeings on polyester has been given in
these earlier papers.

The present paper describes how the characteristics
of component dyes can influence their compatibility in
binary mixtures, as assessed by CIELAB colour
coordinates. The effectiveness of a nonionic levelling
agent used to cover behavioural incompatibilities is also
discussed.

EXPERIMENTAL

Materials

Heat-set 100% polyester texturised fabric was used for
dyeing. Acetic acid, sodium hydroxide and sodium
hydrosulphite of ‘chemically pure’ grade were used.
Lyogen DFTI (S) liquid was used as a nonionic levelling
agent.
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The following commercial disperse dyes were used

for dyeing;:

- Foron Brilliant Orange E-RLI (5, CI Disperse Orange
25) (Aa 470 nm, rm.m. 323.3)

— Foron Yellow-Brown S-2RFLI (S, CI Disperse Orange
30) (A4, 430 nm, rm.m. 450.2)

— Tulasteron Fast Brown 3RD (Atul, CI Disperse Brown
1) (A, 460 nm, rm.m. 433.6)

All the three dyes fall into the red-yellow quadrant of
colour space and have similar absorption maxima. The
structures of these dyes have been reported earlier [9].

Dyeing method

Three binary mixtures of these disperse dyes in equal

proportions were prepared as follows:

— Mixture M1: CI Disperse Orange 30 + CI Disperse
Brown 1

~ Mixture M2: CI Disperse Orange 25 + CI Disperse
Brown 1

- Mixture M3: CI Disperse Orange 25 + CI Disperse
Orange 30.

Polyester fabric was dyed with these binary mixtures at
a total applied depth of 4.0% by the usual high-
temperature dyeing technique (liquor ratio 50:1, pH 5.5
adjusted by adding acetic acid). The dyeing was started
at 40°C and temperature was raised to 130°C at a
heating rate of 1 degC/min. The dyeing process was
continued for further 60 min at 130°C, the total dyeing
time being 150 min. Two sets of dyed samples were
produced.

In set 1 (based on the time/temperature profile of the
dyeing process), twelve samples were withdrawn from
the dyebath at the intervals of 10 min from 70°C
onwards. The penultimate sample was taken out after



40 min at 130°C and the last one at the end of the
dyeing process.

The ten samples in set 2 (based on different con-
centrations of the total depth of dyeing) were dyed at
increments of ten percentage points up to 100% of the
total applied depth of the dye mixture, again with
equal proportions of dyes, at 130°C for 60 min. After
dyeing, all the samples were given a reduction clearing
treatment followed by washing, soaping, washing and
finally air drying.

For mixtures M2 and M3, all the dyeings of both the
sets were repeated in a similar fashion but with the
addition of 1 g/l Lyogen DFTI to each of the dyebaths.
The dyed samples were given same aftertreatments as
mentioned above.

Colour measurement

Colour on the dyed samples, observed under the three
commonly used sources, namely daylight (illuminant
Dgs), artificial light (illuminant A) and cool white
fluorescent light (CWF), was measured for the 10°
standard observer on a (Spectro Sensor I
spectrophotometer (Applied Color Systems) attached to
an IBM PC, over a visible range from 400-700 nm. The
differences in the CIELAB colour coordinates namely,
AL*, Aa*, Ab* and AC*,, (where C*,, = (a*2 + b*3)172)
with the indications of lighter/darker, redder/greener,
yellower/bluer and the differences in saturation with
respect to the standard undyed fabric were obtained
from the computer, along with the hue angle values.
The K/S values were also obtained through the strength
evaluation program.

RESULTS AND DISCUSSION

Compatible dyes in admixture simplify the control of
dye exhaustion, since such dyes tend to behave as a
single entity. The colour on the dyed textiles can be
evaluated through the use of colour measurement
systems and the compatibility tests based on these
measurements have been reported previously [4-11].

For a totally compatible dye mixture, the depth of
shade after absorption of each successive 10% dye
portion during the course of dyeing should almost
match the corresponding shade of the samples taken
out at each successive 10 min interval at a constant
heating rate of 1 degC/min. The degree of compatibility
of a tertiary mixture of the dyes selected has been
demonstrated earlier qualitatively by the closeness of
approach or complete overlap between the two curves
for the two sets (set 1 and set 2 as described in the
experimental section) of dyed samples, constructed
using differences in the colour coordinates as well as
the hue angle k and K/S values [9-11]. It was found that
the tertiary mixture was incompatible in the absence of
levelling agent, particularly at higher depths (3.0 and
4.5% total applied depths). Only at the lower depth of
1.5% did it show excellent compatibility.

In order to find out which particular dye contributes
the most towards the incompatible behaviour in such a
mixture, binary shades were dyed at the total applied
depths between 1.0 and 4.0%, and the same technique
of assessment was employed. The results are given only
for 4.0% depth of binary mixtures. The dyeings of set 1
and set 2 were carried out with and without addition of
Lyogen DFTI to each of the dyebaths, wherever
necessary, and the colour on the dyed fabric was
evaluated for the differences in CIELAB colour
coordinates, hue angle and K/S values. Different plots
namely, ~AL* vs AC*,,, —AL* vs K/S, +Ab* vs +Aa*, +Aa*
vs K/5, +Ab* vs K/S and h vs K/S were constructed. The
significance of these different plots with respect to
compatibility of dyes in mixtures and also with respect
to the changes in different colour coordinates
throughout the dyeing process have been explained in
our earlier papers [9-11].

All the three binary dye mixtures (M1, M2 and M3)
showed single peaks at 4,,, values of 450, 470 and 460
nm respectively (Figure 1). The tertiary mixture using
these dyes also had given only one peak at 470 nm [9].

The two dyes in dye mixture M1 showed excellent
compatibility at all the depths studied. Figure 2 gives a
typical plot for mixture M1 at 4.0% depth. In all the
plots the curves for set 1 and set 2 samples overlapped
each other almost entirely. For mixture M2 {Figure 3),
however, the two curves were separate for most of their
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Figure 1 Plot of K/S vs wavelength for the dye mixtures
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Figure 2 Plot of ~AL* vs K/S for mixture M1 without auxiliary
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length, overlapping each other only towards the end of
the dyeing cycle. The mixture M1 thus showed
excellent compatibility, whereas mixture M2 showed
incompatible behaviour. The addition of levelling agent
for improving the compatibility was therefore not
necessary for mixture M1.

Mixture M2 showed better compatibility only at the
total depth of 1.0%, which decreased with increasing
depth, as assessed by the degree of separation between
the two curves for the two sets. Addition of Lyogen
DFTI imparted excellent compatibility with uniform
build-up in hue to this mixture applied at higher total
depth, as can be seen from the almost complete overlap
between the two curves for the two sets given in Figure
4 for 4.0% depth.

The binary dye mixture M3 behaved in a very similar
manner to mixture M2, i.e. incompatible in the absence
of levelling agent and perfectly compatible in presence
of Lyogen DFTI at all the higher depths.

It thus appeared that CI Disperse Orange 25 behaved
incompatibly when used in mixtures M2 and M3. The
various plots obtained supported this finding.

The plots of +Ab* vs +aAa* for mixtures M1 and M2
in the absence of levelling agent showed a decrease in
the final yellowness value, the effect being greater for
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Figure 3 Plot of —AL* vs K/S for mixture M2 without auxiliary (for
key see Figure 2)
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Figure 4 Plot of —AL* vs K/S for mixture M2 in the presence of 1 g/l
Lycgen DFTI liquid
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Figure 5 Plots of h vs K/S for mixture M2 without auxiliary (white
symbols) in presence of 1 g/l Lyogen DFTI liquid (black symbols} (for
key see Figures 2 and 4)

M2. As explained previously [9], CI Disperse Orange 25
is removed to a somewhat greater extent during
reduction clearing due to its low molecular mass and
higher colour strength, and so contributes more
towards this decrease in yellowness. Also the presence
of this dye in mixture M2 increases the redness of the
total shade, although only slightly. Plots of +Aa* vs K/S
and +ab* vs K/S confirmed this observation.

Plots of & vs K/S for M1 and M2 indicated that the
hue of the total shades shifted towards the red axis of
colour space in both the cases. Here also the shift was
more pronounced for mixture M2 because of the
presence of CI Disperse Orange 25. Comparison of the
curves in Figure 5, giving the plots of h vs K/S for M2,
show that in the presence of Lyogen DFTI the shift
towards red axis of the colour space was somewhat
reduced, indicating that the contribution that the red-
der dye made to the hue value of the total shade was
decreased.

The excellent build-up in hue observed with mixture
M1, even in the absence of Lyogen DFTI, was attributed
to the closeness of the molecular mass values of the
individual dyes: CI Disperse Orange 30 450.2, CI
Disperse Brown 1 433.6. Moreover, the colour strengths
of these two dyes in their commercial forms are quite
close to each other [12]. In view of these characteristics,
it is possible that when these two dyes are applied
together they build-up on the fibre at almost similar
rates, particularly during the heating phase of the
dyeing cycle, thereby giving an excellent on-tone
dyeing. This is an essential requirement for a uniform
build-up in hue of the total shade.

For mixtures M2 and M3, however, not only the
molecular masses, but also the colour strengths of the
component dyes differ widely [12]. This led to different
strike rates during the heating phase, which caused
non-uniform build-up in hue of the total shade for
these two mixtures at higher depths.

The improved uniformity in the hue build-up for
mixtures M2 and M3 in the presence of the nonionic
levelling agent Lyogen DFTI was due to its effect on



dyebath exhaustion, releasing the dyes from the
aqueous phase in a controlled manner [10].

All three dye mixtures gave similar results under the
other two illuminants used (A and CWF), although the
actual values of the coordinates were slightly different.

CONCLUSION

It may be concluded that the technique based on the
use of colour coordinates, h and K/S for the qualitative
assessment of compatibility of dyes in binary and
tertiary mixtures works well. The compatibility
behaviour has been found to be affected significantly
by differences in molecular mass and in colour
strengths of the component dyes. Therefore, while
selecting disperse dyes to be applied in mixtures to

produce on-tone dyeings, the closeness of these
parameters should also be borne in mind.
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