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This paper reports on the investigation of the application of reactive dyes at ultra-low liquor ratios.
Various types of reactive dye were included in the study, and it was found that acceptable dyeing
results could be obtained by reducing the liquor ratio from the conventional 10:1 to 5:1. The accom-
panying reduction in electrolyte additions could offer several commercial benefits in both fabric and

yarn dyeing.

INTRODUCTION

Recent developments in exhaust dyeing machinery have
focused on designs to reduce the liquor ratio at which it
operates. This trend was observed at ITMA 87 and contin-
ued at the latest ITMA in Hannover in 1991.

The jet machine began as a low liquor ratio/high-
temperature design for processing polyester filament fab-
rics without the use of organic carriers; it was adapted to
the softer-flow, longer liquor conditions necessary for
processing natural staple fibre fabrics over a period of
some ten years. Later developments were aimed at reduc-
ing the liquor ratio but maintaining the softer action, par-
ticularly for processing weft-knitted cotton constructions
with reactive dyes.

Modern exhaust dyeing machines now use air as the
means of fabric transportation, either alone {pneumatic
designs for synthetic fibres) or in combination with dye
liquor (pneumatic/hydraulic designs for synthetic and
natural fibres). Liquor ratios as low as 3:1 for synthetics
and 5:1 for cellulose-based substrates are possible with
such machinery.

Developments in package dyeing technology have
focused on both ancillary equipment and the design of the
dyeing machine. Digital precision winding to increase
package densities, interlocking package centres to increase
the loading per spindle and the air-pad principles have all
contributed to reducing liquor ratios to as low as 4:1 for
cellulosic fibres.

Application of reactive dyes under ULLR conditions

The application of reactive dyes at ultra-low liquor ratios
(ULLR) presents a situation in which the transfer of dye
from the aqueous medium to the fibre is no longer solely a
consideration of chemical thermodynamics and kinetics.
The mechanical pick-up of liquor by the substrate has an
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increasing influence on dyeing behaviour. The
substantivity and final exhaustion of a reactive dye are sig-
nificantly influenced by liquor ratio. Therefore in the
present study the relationship between substantivity,
liquor ratio and electrolyte concentration has been investi-
gated.

EXPERIMENTAL

Dye selection

The dyes used in this study were of the following types:

— Bis-monochlorotriazine, Procion Navy H-EXL (ICI)

- Bifunctional monochlorotriazine/vinyl sulphone, Sumi-
fix Supra Navy BF (NSK, CI Reactive Blue 222)

— Vinyl sulphone, Remazol Navy Blue GG (HOE, CI
Reactive Blue 203)

- Bifunctional monofluorochloropyrimidine/vinyl sul-
phone, Levafix Navy Blue E-BNA (BAY, CI Reactive
Blue 225)

- Monofluorotriazine, Cibacron Navy F-G (CGY, CI
Reactive Blue 184).

These represent the main commercial reactive dye sys-
tems used in exhaust dyeing application, and cover the
different substantivities, chemistries and application tem-
peratures currently adopted for the coloration of cellulosic
fibres.

Substantivity and exhaustion profiles

Stage one of the experimental work was to establish
substantivity and exhaustion profiles for the individual
dyes at liquor ratios of 10:1 and 5:1; this was done by
spectrophotometric analysis of the exhaust liquors. The
absorbance values of the dye liquors were measured at set
points throughout the dyeing procedure. Neutral
substantivity and alkaline exhaustion values were then
calculated by expressing the amount of dye absorbed as a
percentage of that applied, using Eqn 1:

s=Ac=4As 100 (1
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Figure 1 Comparison of substantivity/exhaustion profiles at liquor ratios 5:1 and 10:1 for three different reactive dyes

where S is substantivity expressed as a percentage, A, is
the absorbance of the control dyeing (related to the
amount of dye applied) and A, is the absorbance of the
sample (related to the amount of dye remaining in the
dyebath prior to alkali addition, with the substrate re-
moved to prevent further dye absorption).

A second control including the recommended concen-
tration of alkali was used for those samples taken after the
alkali addition. The results obtained confirmed that
substantivity increased as liquor ratio is reduced. Figure 1
shows the increase in substantivity that was typically ob-
tained when reducing the liquor from 10:1 to 5:1 for a 4%
depth of shade. The curves are characteristic of the various
dyeing systems studied. In particular the vinyl sulphone
system exhibits low substantivity in the neutral electrolyte
phase, when the dyestuff is in the sulphatoethyl sulphone
form. As the alkali is added the dyestuff is converted to the
vinyl sulphone structure. This corresponds with the high
secondary exhaustion.

Dyestuffs based on homobifunctional triazine chemis-
try have a higher substantivity in the neutral exhaustion
(migration) phase, and a much lower secondary exhaus-
tion on addition of alkali.

Reduction in electrolyte concentration

The second stage of the study examined reductions in
electrolyte concentration made possible by the increased
substantivity values at lower liquor ratios. As the
substantivity profile can be controlled by altering the elec-
trolyte concentration, reducing the electrolyte concentra-
tion at 5:1 liquor ratio can be achieved while maintaining a
constant substantivity/exhaustion profile.

At this stage in the experimental work all the dyebaths
were made up to a 5:1 liquor ratio. With the exception of
the control (which contained the electrolyte concentration
normally recommended at 10:1 liquor ratio), all the
dyebaths contained reduced electrolyte concentrations,
varying from -20% to -50% of the standard recommenda-
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tions. The absorbance values of the remaining liquors
were again compared with a control by spectro-
photometric analysis. The dyeings had been carried out to
the equilibrium substantivity points, immediately prior to
alkali addition.

The neutral substantivities were then calculated for
each dyebath using Eqn 1. The results obtained for each
dye were displayed graphically; those for Procion Navy
H-EXL plotted in Figure 2 were typical. This shows that
the relationship between electrolyte concentration and ex-
haustion in the neutral phase was linear. Using the graphs
it was possible to predict the exact electrolyte concentra-
tion required at 5:1 liquor ratio to attain the same equilib-
rium substantivity value as at 10:1 liquor ratio with normal
electrolyte recommendations. The results for the different
dyes are given in Table 1. The postulated relationship be-
tween liquor ratio, electrolyte concentration and
substantivity value was therefore confirmed by actual
dyeings.
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Figure 2 Determination of electrolyte reduction possible to maintain
similar substantivity at reduced 5:1 liquor ratio with Procion Navy
H-EXL, compared with conventional dyeing at 10:1 liquor ratio




Table 1 Colour yield® of dyeings carried out at liquor ratios of
10:1 and 5:1

Colour yield at liquor ratios of

Dyestuff 10:1 5:1

Procion Navy H-EXL 100 100
Cibacron Navy F-G 100 100
Levafix Navy Blue E-BNA 100 100
Remazol Navy Blue GG 100 596
Sumifix Supra Navy BF 100 100

(a) Assessed by the method of Derbyshire and Marshall integ values

After further investigation it was found that the
relationship between percentage electrolyte reduction and
liquor ratio was linear, i.e. as the liquor ratio was reduced
from 10:1 through to 5:1 the electrolyte concentration
could also be reduced in direct proportion whilst main-
taining the same equilibrium substantivity value. It is
therefore possible to derive the reduced electrolyte con-
centrations for ULLR application that will maintain those
yields obtained under conventional processing, (Table 2).

COMMERCIAL IMPLICATIONS

There are several economic considerations from the ex-
haust application of reactive dyes under ULLR conditions.
These include a reduction in the use of chemicals, electro-
lyte, alkali steam and water. Processing time and effluent
loading could also be cut, while the shorter wash-off
procedure would lead to increased productivity

The reduction in electrolyte necessary to maintain
substantivity is illustrated in Figure 3. This shows the
double saving that can be achieved with reactive dyeing
under ULLR conditions, in this case a 300 kg batch ata 2%
depth of shade. The dashed line represents the linear
reduction of electrolyte, achieved by a straightforward
reduction in liquor volume, while the solid line displays
the additional saving in electrolyte. At a 5:1 liquor ratio
only 58 kg is required to maintain the equilibrium sub-
stantivity value.
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Figure 3 Reduction in electrolyte consumption possible under ULLR
conditions for 300 kg batch at 2% depth of shade; dashed line indi-
cates linear reduction in electrolyte while sclid line shows further re-
duction from ULLR

CONCILUSION

There is an increase in substantivity in reactive dyeing
under ultra-low liquor ratio conditions. This increase in
substantivity is brought about by the greater mechanical
pick-up as the liquor ratio decreases. The substantivity of a
reactive dye can be controlled by altering the electrolyte
concentration. When the electrolyte concentration is re-
duced a greater repulsion exists between the anionic dye
and the ionised secondary hydroxyl groups of the cellu-
lose, and a reduction in the substantivity equilibrium is
achieved.

The bulk of the experimentation consisted of sampling
the dye liquor and measuring its absorbance, thus deter-
mining how much dye remained in the bath and therefore
how much had transferred to the cellulose. In doing this
the substantivity and exhaustion profiles could be deter-
mined and then manipulated.

If when dyeing at a liquor ratio of 5:1 the substantivity
and exhaustion profiles closely resemble those at 10:1
liquor ratio, then the dyeing properties of the two systems
should be virtually identical. Any subsequent dyeing at 5:1
liquor ratio should offer equal processing reproducibility,
as the dyeing systems should behave in the same way.

The study has tried to look at as many variations as pos-
sible. It was not practical to study every type of reactive
group under all processing conditions. However, those

Table 2 Proposed salt concentrations at ULLR (for 4% depth of shade)

Salt concn {g/1) at liquor ratios of

Reduction from

Dye 5:1 8:1 71 101 10:11t0 5:1 (%)
Procion Navy H-EXL 50 53.2 57.7 70 30

Cibacron Navy F-G 53 54 56 60 11.6

Levafix Navy Blue E-BNA 65 68 71 80 18.75
Remazo! Navy Blue GG 44 51 59 80 45

Sumifix Supra Navy B-F 33 37.5 41 50 34
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dyes that were studied were representative of reactive
dyestuff types in the market place today. There is clearly
scope for further work along these lines. However, there is
a strong indication that ULLR dyeing has definite advan-
tages to offer in the near future, including the savings that
go with it. Clearly certain ranges of reactive dyes will be
more successful than others. The hot-dyeing systems cer-
tainly have advantages, with their higher migration
potentials and the greater degree of exhaustion that can be

achieved under neutral conditions, without the risk of
dye-fibre reaction. Levelling and diffusion of the dye can
be controlled via factors such as temperature and time. On
the addition of alkali most of the dye is fixed in situ having
already migrated evenly through the fibre.

The cold- and warm-dyeing reactive systems, at lower
substantivity and therefore less potential to migrate in the
neutral exhaustion stage, may require a greater degree of
control to produce level and reproducible results.



