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INTRODUCTION

When different substrates are presentin the same dyebath,
energy cansiderations dictate which of the substrates the
dye will tend to favour. The resulting dyeings usually
show marked shade differences on the different
substrates. This is analogous to a situation of intercon-
nected liquid-containing vessels sited on different levels.
The liquid will tend to accumulate in the lower vessel, i.e.
the one that is favoured by a lower energy level.

The model of interconnected vessels is no longer valid
when a combination of several dyes is considered. As a
rule, the different elements of a combination do not
favour the same substrate. The situation is further com-
plicated by the fact that the dye distribution also depends
on dye concentration and electrolyte content, and that
the same amount of dye present on different substrates
can produce quite different colours.

It is conceivable that, under given conditions, a
trichromatic combination will by chance dye two
substrates tone-in-tone. However, the selection of such
an optimum combination of dyes, like the most favour-
able dyeing conditions with respect to tone-in-tone re-
sults, needs much laboratory work. In this article we
discuss a procedure that facilitates this task.

From the sorption behaviour of individual dyes on
homogeneous substrates, characteristic constants can be
derived which allow computation of the sorption behav-
iour of combinations of these dyes on mixed substrates.
The ideas on which these calculations are based are
discussed and their practical application demonstrated
with examples.

The theory and experimental methods of determining
the required characteristic data have already been de-
scribed in detail [1].

THEORY

The dyeing equilibrium established with an individual
dye on an individual substrate is characterised by the so-
called substantivity ratio S (Eqn 1):
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where C; (g/kg) and C; (g/1) represent the equilibrium
concentrations on the substrate and in solution. The

substantivity ratio depends on temperature, dye concen-
tration, electrolyte content of the dyebath and particu-

larly on which other dyes are involved in the sorption
process,

Nevertheless a quite simple mode for expressing the
substantivity ratio can be found with the aid of the Gouy-
Chapman theory. To make the expression simple, how-
ever, it is necessary to express the ionic character of the
dyebath by the so-called Debye length, 1/2, which is
defined by Eqn 2:
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where J, the ionic strength in mol/, is (Xz;2C;)/2.
The higher the ionic strength, i.e. the higher the electro-
lyte content of the dyebath, the shorter the Debye length.

Using the Debye length as the measure of the electro-
lyte content, Eqn 3 can be written:
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With the constants Ay, A; and A,, the substantivity ratio
is obtained as a function of the variables 1/ and 3zCy;.
The substantivity ratio is dependent on the electrolyte
concentration (expressed by 1/@) and the total amount of
the charges brought onto the substrate by absorption of
the dye anions (expressed by z;C;;). This expresses the
fact thatthe substantivity of a dye in the presence of other
dyes is always less than that of the individual dye.

If the equilibrium concentration C; and C; is defined
for a series of tests with different dye concentrations and
different electrolyte contents, the constants Ay, A;and A,
characterising the dye-substrate system can be calcu-
lated by multiple regression. With the Gouy-Chapman
theory Eqns 4-6 can be written for these constants:
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The standard affinity Au can be calculated from Ag; this
isa value that characterises the dye-substrate interaction
and is therefore of particular interest. A; is proportional
to the charge density ¢ and is thus a measure of the
charge status of the substrate. The expression for A,
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contains the specific surface Oy, accessible to the dye. The
larger the dye anion the smaller the accessible surface
and therefore the larger the A; value. This is therefore a
characteristic value for the accessibility of the substrate to
a dye, and deserves special attention when comparing
different substrates with respect to their dyeability.

CHARACTERISTIC SUBSTANTIVITY
CONSTANTS FOR DIRECT DYES

Table 1 shows the experimentally determined values Ag,
A; and A, for selected direct dyes on bleached cotton
tricot at 98°C. These data are available for all dyes of the
Solar and Indosol ranges on different cotton and regen-
erated cellulose qualities. The column z indicates the
number of sulphonated groups, i.e. the charge of the dye
anion.

Table 1 Characteristic substantivity constants for certain
Solar dyes on bleached cotton

A;x10° A, x 10

Dye z Ay {m) (kg/{mol m))
Yellow BG 2 8.48 1.65 2.44
Discharge

Orange 3LG 4 765 153 1.73
Scarlet BL 3 7.78 136 1.45
Brilliant Red BA 6 7.20 166 1.85
Turquoise FBL 1 6.82 1.73 7.96

Among the data given in Table 1 the A, value for
Turquoise FBL is remarkable. This strikingly large value
is typical of a large dye anion, i.e. for a particularly small
accessible surface. In order to compare the characteristic
substantivity constants for different substrates, the Ag
values were converted by Eqn 4 to the standard affinities.

The following conclusions can be drawn from the data
given in Tables 2, 3 and 4, which are representative of
about 50 direct and reactive dyes investigated:

(@) The affinities of the dyes for different cellulosic sub-
strates are not significantly different, with the excep-
tion of Solar Turquoise FBL (which is representative
of all the phthalocyanine types investigated)

(b) The affinity of Solar Turquoise FBL for viscose staple
and modal fibres is much lower than for cotton

(c) The A, values for regenerated cellulose are slightly
higher than for cotton, i.e. the surface charges are
slightly greater

(d) The A, values decrease after causticising and mercer-
ising, i.e. the surface accessible to the dye anions
increases according to Eqn 6

(e) The accessible surface of regenerated cellulose fibres
roughly corresponds to that of mercerised cotton

(f) The surface accessible to Solar Turquoise FBL is small-
er on all cellulose substrates (larger A, values).

With respect to the distribution of the dyes on cotton
and regenerated cellulose, the findings can be summa-
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rised as follows:

(a) Direct dyes often preferentially dye mercerised cot-
ton and regenerated cellulose because, along with the
same level of affinity, a greater surface is available on
these substrates

(b) The phthalocyanines preferentially dye cotton be-
cause their affinity for regenerated cellulose is small-
er, despite its slightly larger accessible surface

(c) The preference of the dyes for mercerised cotton over
regenerated cellulose with the same affinity and same
surface is due to the lower surface charge of cotton.

From Eqn 3 and the data in Table 1, the following rule
can be deduced: the more electrolyte the dyebath con-
tains, the more equal the partitioning on different
substrates.

Since the affinities or the Ay values are the same for all
substrates and the second and third terms on the right-
hand side of Eqn 3 decrease with increasing electrolyte
content (where the value of 1/2 becomes progressively
smaller), in the end the substantivity ratio would have to
become the same for all substrates.

Owing to increasing danger of unlevelness and de-
creasing migration power with increasing electrolyte
content, limitations are placed on the addition of electro-
lyte. However, the salt addition should tend to approach
an upper limit.

CALCULATION OF DYE DISTRIBUTION
ON MIXED SUBSTRATES

When the required substantivity constants Ag, A; and A,
are known, the partitioning of a dye on two substrates a
and b can be calculated by the following Eqns 7 and 8:

IN(Cra/Cs) = Aga - Ao - A22ZCha 7
& @
In(Cep /Cs) = Aob - Ay _AzbCep {8)
& 4
with the mass balance being defined by Eqn 9:
E=maCra+mbCep + Vs &)
where E = dye available, g/kg
m,, m, = fractions by weight of the substrates (m, +
my = 1)
Cia Cip = dye absorbed respectively by substrate a
and b, g’kg

V = liquor ratio, Vkg.

Normally the determination of the amount of dye
adsorbed onto the substrate is carried out with the aid of
the mass balance by colorimetric measurement of the dye
concentration in the residual bath. This procedure is not
possible for experimentally testing calculations of this
type. The dye concentrations C; , and C;, on two substrates
dyed in the same bath must be measured directly.

The determination of C; , and C;;, was made by reflect-



Table 2 Standard affinities of some direct dyes for various substrates

Standard affinity Au (kJ/mol)

Cotten Cotton Cotton
Dye z bieached causticised mercerised Viscose Modal
Yellow BG 2 26.1 25.4 26.6 241 25.2
Discharge Orange 3LG 4 23.6 22.0 22.2 226 23.2
Scarlet RL 3 240 21.1 237 215 23.8
Brilliant Red BA 6 222 22.4 204 21.8 25.7
Turqueise FBL 1 210 21.2 13.3 13.0

Table 3 A, values of Solar dyes listed in Table 2

A, x107° (m™")

Cotton  Cotton Cotton
Dye z bleached causticised mercerised Viscose Modal
Yeliow BG 2 1.65 1.21 1.32 1.72 1.90
Discharge Orange 3LG 4 1.53 1.03 0.99 2.24 207
Scarlet KL 3 1.36 0.92 1.73 1.75 1.83
Brilliant Red BA 6 1.66 1.69 1.02 2.95 3.95
Turquoise FBL 1 1.73 1.25 2.33 1.35
Mean value 1.59 1.21 1.26 2.20 2.22

Table 4 A; values of Solar dyes listed in Table 2

Az x 107! (kg/(mol m}))

Cotton Cotton Cotton

Dye z bleached causticised mercerised Viscose Modal
Yellow BG 2 2.44 2.05 1.60 1.60 1.77
Discharge Orange 3LG 4 1.73 1.20 0.88 0.91 0.87
Scarlet RL 3 1.45 0.79 0.40 0.75 091
Brilliant Red BA 6 1.85 1.68 1.04 1.09 0.95
Turquoise FBL 1 7.96 5.18 6.16 5.08
ance measurement. Figure 1 shows the K/S values of 14
Indosol Blue SF-2G as a function of the amount of dye 12
adsorbed on different cellulosic substrates. Calibration 10
curves plotted previously for the dye formed the basis of
the determination of C¢, and Cy, by reflectance measure- o 8-
ment [2]. 2 6 @ Cotton sateen
In this case it happened that the K/S values as a s © Cotton tricot
function of the amounts of dye absorbed by the different ; mﬁgfe
substrates lay on the same curve, i.e. the same dye con- 2
centration on the fibre coincidentally produced the same 3 4 g ,'3 1'(, 1'2

visual effect on different cellulosic substrates. G, akg

Figures 2-4 show a comparison of the dye distribution
as experimentally determined (from K/S measurements)  Figure 1 Calibration curves for determining the amounts of dye
and Calculated according to the Gouy_chapman (GC) absorbed by different substrates for Indosol Blue SF-2G
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Figure 2 Partitioning of Solar Brilliant Red BA on mercerised cotton
(CO) and viscose staple (CV)
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Figure 3 Partitioning of Indosol Biue SF-2G on mercerised cotton
(CO) and viscose staple (CV) (for key see Figure 2)
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Figure 4 Partitioning of Indosol Blue SF-2G on mercerised cotton
(CO) and modal fibres (MO)

Table 5 Partitioning of Solar Yellow BG and Solar Briiliant Blue
BL on equal parts of mercerised cotton and viscose fibre

Absorbed dye (g/kg)

Glauber's salt Glauber’s salt

2 g/l 10 g/l

Dye

available
Dye {g/kg) Cotton Viscose Cotton Viscose
Yellow BG 2 2.55 1.17 268 1.24
Brilliant Blue BL 2 1.57 045 209 0.74
Yellow BG 8 758 5.18 815 6.20
Brilliant Blue BL 8 3.38 0.97 6.07 215

model for blends of mercerised cotton and viscose staple
as well as mercerised cotton and modal fibres. The data
relate to dyeing at the boil at a liquor ratio of 20:1 and an
addition of 2 g/l Glauber's salt.

The same procedure can also be used for calculating
the partitioning of several dyes on different substrates.
However, in the computing algorithm account must be
taken of the fact that the surfaces occupied by the dyes
overlap only partially. As examples of the application of
the calculation procedure on dye combinations, Table 5
may be used, where the computed values for both dyes
are given. The usefulness of the procedure for evaluating
dye combinations with respect to their partitioning on
different substrates has been demonstrated by the good
level of agreement between the calculated values and
visual assessment of the dyeing.
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