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A novel method of fractional pressure filtration is used
to test disperse dyes under high-temperature conditions.
The method can be used for the determination of the
solubility of disperse dyes, solubilizing power of
dispersing agents and dispersion stability of disperse
dyes.

The method is evaluated critically and its correlation
with other experimental methods is given.

introduction
Developments in modern dyeing of synthetic fibres have led
to the all-round rationalization of dyeing,

One way of intensifying the dyeing is by raising the rate of
heating of the dyebath, which in modern efficient apparatus
can reach values from 6 to 12°C/min [1].

Such a high rate of heating requires considerable stability
of the disperse dye in the dye bath [2] to prevent faults. In
some techniques of dyeing (e.g. package dyeing), it can result
in filtration of agglomerated dye on the material [3].

According to the contemporary theories of dyeing PES
fibres, dye is adsorbed on the fibre surface in the
monomolecular state and then diffuses into the polyester
fibre. The rate of solubility of the chosen dye to achieve full
saturation of the laminar dye layer — absorbed by the fibre —
is (in some cases) significant as it can limit the rate of the
whole dyeing process. The solubility of the dye in the
dyebath influences the colloidal state of dispersion [4]
which may alter by recrystallization, by changing the crystal
modification, by aggregation, or by agglomeration [1,5,6].

The dependence on temperature of the dye solubility also
influences its state of dispersion and this effect can be
unfavourable when the temperature is lowered resulting in
deposition on the walls of the apparatus [7]. Owing to
cooling of the bath, the proportion of dye which is dissolved
may come out of solution again as a solid phase. At present,
the question of the behaviour of disperse dyes in a dyebath
[8] is being frequently discussed and a series of test methods
have been developed, which are useful in the selection of
disperse dyes [9,10,11]. In investigation of the above
mentioned problems the method of fractional pressure
filtration has been used, by which it is possible to obtain
some relevant quantitative data.

The Principle of the Method

The method used is based upon a pressure filtration of
micro-suspended dye through a filter paper, During this the
filtrate is sampled in small fractions, in which the
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concentration of the dye can be determined. Graphical
representation of the filtration process is given by the
fittration curve {Figure 1a) in which the dependence of the
dye concentration in individual fractions ¢, mg/l on the
cumulative mass of the filtrate M g is shown. The kinetics of
filtration (the filtration time curve) are also shown (Figure
1b).

Fractional filtration permits differentiation between
filtration curves (Figure 1) for some of the processes, which
otherwise if more voluminous samples had been taken (by
mixing fractions} would not be possible.

The process of filtration of disperse dyes after treatment
for a definite period of time in a bath at 130°C and also the
course of the filtration curve are functions of several
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Figure 1a — Graph of the filtration curve for C.I. Disperse
Red 121 (commercial product m;— m;o the mass of
individual fractions in grams
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Figure 1b — The filtration time curve



variables and can be defined by the equation:

_200- (1—€) " L

R
R R

where

R¢— is the tota! filtration resistance

€ — is the porosity of the filter cake

L —is the thickness of the filter cake

de — equivalent diameter of filtrated elements (i.e. diameter
of a sphere of the same volume as as the volume of
particle}

¢ — is the shape factor of particles

The degree, character and kinetics of dye aggregation, the

change in equivalent diameter of elements and of the shape

factor, and the possibility of gelatinization have an essential

influence on the development of filter cakes of certain

porosity and are the factors determining the course of the

filtration curves.

The Apparatus for Fractional Pressure Filtration Under the
Conditions of High Temperature Dyeing of Polyester Fibre
The basic part of the apparatus (Figure 2) is the heated
pressure vessel 7, with changeable rate of heating of the dye
dispersion from 1,5 to 18°C/min. Mixing of the contents is
provided by rotation of the whole vessel. Valve 2, is used to
remove the filtrate and through valve 3, nitrogen is driven
into the vessel at a pressure of 0.588 MPa to speed up the
filtration process.

At the bottom of the vessel is the filtration head 4, with
the filtration barrier 5, where three circular paper filters
(Schleicher--Schuell — the blue type) are placed and screwed
in by the head. The filtrate is collected in a set of measuring
flasks &, which are cooled to avoid the evaporation of the hot
fiftrate. For determination of the kinetics of dye solubility
the pot 7, is placed at the top of the vessel, facilitating rapid
dye penetration into the preheated dissolving medium. By
tilting the apparatus at 180°, the pot cover is released and
the dye powder spreads over the vessel contents. All parts of
the apparatus which are in contact with the dye are made of
special stainless steel,

For comparison and reproduction of the results, it is
essential to keep the experimental conditions constant (i.e.
the nitrogen pressure, the rate of heating, the temperature,
the active area of the filters and the quality of the filters)
The next important condition is to select the required dye
concentration, so that a filter cake will form. This minimum
concentration differs from dye to dye and has to be
determined experimentally.
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Figure 2 —
filtration

The apparatus for the pressure fractional

An Example of Experimental Fractional Pressure Filtration
The following bath contents of 200m| were loaded into the
apparatus for fractional pressure filtration:

C.1. Disperse Red 121 0.75 g/l
(commercial dye)

ammonium sulphate 2.0g/i

dispersing agent 1.0 g/t

formic acid 80% 0.1 g/l

distilled water up to 200 ml

The vessel contents were heated at a rate of 2,5°C/min up
to the temperature of 130°C and the dispersion maintained
at this temperature for 60 min, followed by fractional
filtration, during which ten fractions were obtained (the mass
of each fraction being about 10 g).

In these fractions the concentration of the dye was
determined by spectrophotometric means and the process of
filtration was expressed by the filtration curve (Figure 1), in
which the dye concentration in each fraction was plotted
against the mid-point of the mass of each fraction. In
fractions 9 and 10, the dye concentration was zero. In the
latter instance, filtration had stopped and only water due to
the condensation of the steam evaporated at the filtration
barrier was obtained. During filtration the temperature of the
heating media was kept at 130°C.

The Characteristic Types of Filtration Curves

Using the method described above a series of samples of

disperse dyes from different sources were tested.

Generalizing the results, the filtration profiles can be split

into the following basic types (Figure 3):

Type R — corresponds to dyes whaose filtration curves are
“inear’ which means that the dye concentration is
constant in all fractions (after a certain time,
during which the filtrate cake stabilizes).

The rate of filtration in this case is usually high {Figure 4)
and from the fiitration profile it is possible to determine the
solubility, after excluding unsuitable fractions. This type of
filtration curve is given mainly by pure (crystalline} forms of
disperse dyes, which do not contain dispersants and were not
finally processed by milling.

Type § — corresponds to dyes whose fraction curves show
considerable reduction in dye concentration
during filtration and thus result in “S"” type
filtration curves.

The filtrate becomes colourless at the end of the filtration

process and filtration is fairly slow {Figure 1). in this case,

the filtration method does not permit determination of the
solubility by filtration, because the results also depend on
the quantity of the filtrate involved., Hence all contemporary
methods of determining the solubility of disperse dyes by
filtration {(non-fractionally) from this point of view have to

Dye concentration, Cp, mg/!
x
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Cumulative filtrate mass, M, g

Figure 3 — The basic distribution of the filtration profiles
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be judged as less exact. As will be shown later, the filtration
curve may be exploited to evaluate the stability of the
disperse dye and in some respect to evaluate the levelling
property of the dye under test.

Type SR —can be used to evaluate the stability of the
disperse dye as well as its solubility because after
a sudden drop in the dye concentration in the
first fractions its concentration remains constant.
The interphase types — include the dyes whose filtration
curve shape represents the transient

state between types R, S and SA.
The following are the examples showing the possibilities

of using the described methed in evaluating disperse dyes.

Determination of Solubility and Solubilizing Power of
Dispersing Agents

In determining the solubility of disperse dyes, the filtration
methods are suitable mainly for pure dyes (pigments).

The method of fractional filtration permits elimination
of those fractions in which the filtrate cake is formed, which
undoubtedly contributes to errors in these methods. This is
well shown e.g., in determination of the solubility of pure
C.l. Disperse Orange 3 at 130°C in distilled water (Figure 4),

The first and second fractions (shown on Figure 4 by an
arrow} were not included in the calculation of average
solubility.

In a commercial disperse dye formulation which in
addition to the coloured component{s} includes one or more
dispersing agents and sometimes electrolyte, the solubilizing
power of the dispersing agents plays an important role in the
formation of different crystal modification of the dye [12].
The change of crystal medification during dyeing leads to a
change of the solubility and may influence recrystallization,
or aggregation, or agglomeration of the dye particles in the
dye bath.

The efficiency of the solubilization system, discounting
additions of dispersing agent, to the dyebath, is dependent
on the active concentration of dispersing agents which the
manufacturer uses for the formulation of disperse dyes and
in the dyebath, this depends on:

— ratio of the concentrations of dye and dispersing
agent
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Figure 4a — The course of the filtration curve during the
determination of the solubility of pure C./. Disperse Orange
3 in distilled water at the temperature of 130°C
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Figure 4b — The filtration time curve
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— selected depth of the dyeing
— liquor ratio.

The solubilizing efficiency of a mixture of dispersing agents
(Figure b) was tested on two samples of
C.l. Disperse Red 121 of different crystal modifications.
The ratio of dispersing agent to dye was 3:2.
To avoid the changes in solubility due to differences in the
absolute quantity of dye in a solubilizing medium, its
amount was kept constant at 300 mg. Experiments were
carried out with the following mixture of dispersing agents:
Dispersing agent 1 — lignin sulphonates
Dispersing agent 2 — condensation product of m-cresol
sulphonic acid with formaldehyde
-- condensation product of beta naph-
thalene sulphonic acid with formalde-
hyde

The variation in the concentrations of dispersing agents
and electrolyte can be seen in Figure b.

The wmixture of dispersing agents was of constant
composition as follows;

Dispersing agent 3

Dispersing agent 1 0.35 parts
Dispersing agent 2 0.35 parts
Dispersing agent 3 0.6 parts
Na, SQ4anhydr, 0.1 parts

The dye dispersion was maintained at a temperature of
130°C for 1 h in this solubilization medium and then filtered
fractionally. The results of this solubilization test can be seen
in Figure 5.
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Figure 5 — The solubilizing efficiency of dispersing agents
with two crystal modifications of pure C.I. Disperse Red 121
at 130°C.

Critical Evaluation of Solubility Determination by Fractional
Filtration
There are several suitable methods at our disposal for the
determination of solubility of pure dye crystals at tempera-
tures up to 100°C. The fractional filtration method is suitable
for testing at higher temperatures and the inaccuracies of
simple filtration can be avoided by selecting representative
values. But a serious objection remains: to what extent is the
solubility dependent on the porosity of the filter used? To
solve this problem the results of the solubility determination
of pure C.l. Disperse Red 121 in water at 130°C were
compared as in Table 1. The fractional filtration was done
with three types of filters.
From Table 1 it is obvious that the fractional filtration
method gives results comparable to other methods of
solubility determination. The quality of the filter media, if it
is within the limits of applicability, has a definite influence
on the shape of the solubility curve (in Figure 4 shown by an
arrow).

After the parameters of the filtration barrier have
become stabilized, the dye content in subsequent fractions is
usually constant. For this reason it is necessary to select a



TABLE 1

The Solubility of C.l. Disperse Red 121 Determined by|Different Methods

Experimental method

The solubility of pure C.1. Disperse

Red 121 in water at 130°C, mg/i

Equilibrium sorption into 5.41
polyester
The percolation method 7.58
Equilibrium diffusion
through polyester film 417
The polymer cell method 4,22

Fractional filtration with different filters:

(a) ultrafilter Synpor 10 4.08
{(b) Filtrak 390 5.45
(c} Schleicher—Schuell 589° 5.21

dye concentration such that the filtration barrier and the
filter cake may form. As has been mentioned above, neither
fractional filtration nor any other filtration method can be
used to determine the solubility of the majority of the
commertcial disperse dyes (powder milled) as they give
filtration curves of the ‘S’ type (Figure 3).

Determination of Dispersion Stability of Disperse Dyes

As a suitable criterion for evaluation of dispersion stability
the area under the filtration curve was determined {expressed
in cm?), and compared for all the dyes tested, under
comparable conditions. On this experimental basis, samples
of disperse dyes of different formutation, for which the
dispersion stability and the levelling properties have been
determined e.g. by centrifugation, flow tests and by dye
levelling tests, gave nearly the same results by fractionat
filtration.

As has been mentioned above, pocr dispersion stability
may be related to levelling properties and therefore, the
fractional filtration method may be suitable in some cases to
assess the levelling behaviour of disperse dyes, in so far as this
is influenced by the possibility of filtration of aggregated
dye.

By fractional filtration it is possible to evaiuate some
aspects of the dispersion stability of disperse dyes in the
dyebath, e.g. for samples of the same dye formulated in
different ways.

Because the course of the filtration curve is dependent on
the rate of formation of the filter cake, results should only
be compared at a constant ratio of dye to dispersing agent in
the final product. When testing samples in which this ratio is
not known, the so called “top critical concentration’’ of the
dye is selected, which if exceeded does not change the course
of the filtration curve,

Under these conditions the following rule is used:

“The smaller the area under the filtration curve, the lower is
the dispersion stability’’ (Figure 6).

Effect of Rate of Heating of the Dye Bath on the Disperse
Dye Stability
The fractional filtration test was also used to estimate the
sensitivity of the dye dispersion to deterioration at different
rates of heating. These studies are relevant to the selection of
disperse dyes for application by modern rapid dyeing
methods. For such experimental work the fractional filtra-
tion apparatus (Figure 2) was altered to maintain the heating
of the dye dispersions at the rates of:
0, 3.12, 7.33 and 13.25°C/min which in the following text
are rounded off as 0, 3, 7 and 13°C/min.

Each sample of dye dispersion tested was processed at
the “rate of heating’’ denoted by 0°C/min, which means that
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Figure 6 — The influence of rate of heating p° C/min on the
dispersion stability of C.l. Disperse Blue 81 (commercial
product)

the sample was kept at 20°C for 60 min and then fractionally
fittered for comparison.

Five samples of C.I. Disperse Blue 81 of different
formulation were tested for their sensitivity to rate of
heating.

The dye concentration was 1500 mg/l and the bath in
addition contained some common chemicals used in HT
dyeing of polyester (ammonium sulphate 2 g/l, anionic
dispersing agent 1.0 g/l, formic acid 0.1 g/1).

The dye dispersions under test were heated at the rates
indicated above to a temperature of 130°C. At this tempera-
ture they were maintained for 60 min and then fractionally
filtered.

The results for one sample of C.1. Disperse Blue 81 are
shown in Figure 6. From these results the areas under each
filtration curve were calculated, showing (by their compari-
son in Figure 7) the tendency for deterioration of the
dispersion of each dye at different rates of heating,

The comparison of the areas under the filtration curves
for the five samples of C.I. Disperse Blue 81 of different
formulation (Figure 7} was expressed in terms of % {percent-
age), while the area size at the rate of 0°C/min of heating is
equal 100% (percent). The same samples were tested by
centrifugal analysis and comparable results were obtained.
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Figure 7 — The degree of deterioration of the dye dispersion
for five samples of C.I. Disperse Blue 81 of different
formulation and its dependence on the rate of heating.
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