Testing methods for the quality control of textile dyes

This isthe fifth in the series of test methods issued by six of the major Western European dyestuff manufacturers. An
introductory note was published in the first publication in the series (J.5.D.C., 103 (1987) 38).

Determination of the electrolyte stability of
reactive dyes
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PURPOSE AND FIELD OF APPLICATION

The method described is intended for the determina-
tion of the solubility and the solution stability of reac-
tive dyes for use in batchwise and continuous dyeing
processes in the presence of electrolytes.

WORKING PRINCIPLES

The dye under test is dissolved in a series of graduated

concentrations, including the solution stability limit, at

the given temperature x°C (following the dye manu-
facturer’s recommendation). Then, in successive
steps:;

— The dye solution is cooled or adjusted to the desired
storage or testing temperature v°C

— The prescribed amount of electrolyte is added
(stock solution)

— Depending on the dye manufacturer’s recommen-
dation, the solution is either filtered immediately or
stored at constant temperature for z min and then
filtered.

The temperatures used for dissolving and for storage
or testing should be specified as well as the storage
time (see test variants in section 4).

The following maximum test concentrations are used:
— 30 g/l for batchwise processes
— 100 g/1 for continuous processes.

The stability to electrolytes is determined by visual
evaluation of the filter residues and measuring the
flow-through time of the filtrate. It should be indicated
as follows:
1- 10 g/linintervalsof 1 g
10— 30 g/l in intervals of 5 g
30-100 g/l in intervals of 10 g.

TEST APPARATUS AND REAGENTS

Wide-mouthed Erlenmeyer flask, capacity 500 ml,
according to [SO R1773.

Thermostatically controlled heating bath with mag-
netic stirrer; rod size 40 mm long by 6 mm diameter,
speed of stirrer B00—-600 rev./min.
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Water bath with temperature regulator (heating/cool-
ing) for adjusting the storage temperature (e.g. 50°C,
40°C or 25°C).

Thermostatic device with circulation pump to adjust
temperature of nutsch filter.

Heatable double-walled nutsch filter of stainless steel

or porcelain; inner diameter 7 cm, capacity at least
200 ml.

Suction bottle, capacity 1-2 1.

Piston or membrane pump of sufficiently high suction
capacity to create a full vacuum ({at least 50 kPa
under-pressure).

Apparatus to adjust and maintain a given vacuum,
preferably coupled with a manometer.

Stopwatch to measure flow-through time.

3.10 Circular paper filter, 7 cm in diameter {specification:

311

Schleicher & Schiill {S&S) 1450 CV).

Solvent: distilled or fully demineralised water
(recommended pH 7).

TEST VARIANTS

Table 1 shows a number of test variants, which
depend on the type of dye used in each case.

PREPARATION OF THE SOLUTIONS

A known amount of the test dye is placed in the
wide-mouthed Erlenmeyer flask and 150 ml distilled
or demineralised water at about 60°C (but not above
the dissolving temperature) is added. The flask is then
swirled by hand until the dye is fully wetted out {pre-
dissolving). The solution is placed into the heating
bath set at the desired dissolving temperature (see
3.2) and stirred for 10 min at 500—600 rev./min.

In arder to give the test some relevance to the bath
compositions used in commercial practice, additions
to the test solution are permissible (see dye manufac-
turer's recommendations). However, these additions
should be indicated along with the solution stability
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TABLE 1

Dissolving Test Storage
Process temperature (°C) temperature (°C)  time (min) Electrolytes, additions
Batchwise 90 40 120 Common salt, 50 g/l
60 25 30 Common salt, 60 g/
Soda ash, 5 g/l
50 50 0 Common salt, 60 g/l
80 25 60 Common salt, 50 g/l
Soda ash, 54/
Caustic soda (38°Beé), 2 mlfl
20 40 90 Sodium sulphate {anhydrous), 50 g/l
Soda ash, 5 g/l
Caustic soda (38°Bé), 2 mi/
Continuous 90 25 30 Common salt, 50 g/l
Caustic soda (38°Bé), 30 g/l
90 25 120 Soda ash, 40 g/l
0 25 60 Sodium silicate (37—40°Bé), 95 mli/l
Caustic soda (38°Bé), 38 g/l
90 25 30 Urea, 100 g/l

Soda ash, 30 g/l

figures. Attention must also be given to their influence
on the solution volume. On the other hand, changes
in volume attributable to changes in temperature
should not be taken into account.

Urea as dissolving agent should be added in accor-
dance with the recommendations of the dye manufac-
turer. According to general experience, the amount of
water should be reduced by 1 ml per gram of urea
added, so as not to change the total volume of the
solution.

The electrolytes should be added in the form of stock
solutions. Although these are mostly solutions of
simple salts, tests of their stability (which need to be
carried out rapidly) often prove not to be very mean-
ingful. Stock solutions should therefore be discarded
one week after their preparation, at the latest.

The stock solutions of the various additions shown
in Table 1 should be prepared so that the required
quantity of electrolyte is contained in 50 mi of stock
solution. The electrolyte solution must be adjusted to
the test temperature. The reproducibility of the test
method depends on the quality of the electrolytes. For
this reason chemically pure substances must be used.

The dye solution is cooled or adjusted to the desired
storage temperature on the thermostatically control-
led water bath (see 3.3). When the desired tempera-
ture is reached the electrolyie solution {stock solution)
is added and the test solution then homogenised.

STORAGE

The finished test solution is allowed to stand at con-
stant temperature for up to 120 min, depending on
the test variant used.

FILTERING THE SOLUTIONS

The nutsch filter is pre-heated (see 3.5) to the test
temperature by pumping through the heating
medium from the thermostatic device {see 3.4), and is
maintained at this temperature throughout the filtra-
tion process.

Immediately before filtering, two filter papers are wet
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out (see 3.10) and placed in the nutsch filter in a
double layer with at least 50 ml water at the test
temperature.

The vacuum is adjusted before filtration so that
200 ml water at the test temperature flows through
the filter paper in 5-8 s (3—4 kPa is approximately
equivalent to 300-400 mm water column under-
pressure).

Before filtering the solution is homogenised by swirl-
ing it in the flask (visual check). The entire test solution
is then filtered at the desired temperature, but is not
decanted. The flow-through time is measured with a
stopwatch.

If the solution does not filter within 2 min at a stabil-
ised vacuum, itis filtered for an additional 2 min under
full vacuum.

After the solution has passed through, the filter papers
are hydroextracted uniformly under full vacuum for
1 min.

The filter papers are allowed to dry completely at
room temperature.

EVALUATION

After filtering the various dye solutions of known con-
centration the filter papers are compared visually. The
solubility limit is exceeded when filter residues are
seen. Residues that are difficult to see may possibly be
detectable by rubbing on the filter.

The flow-through time serves as a further evaluation
criterion. A sudden sharp increase in the flow-through
time when moving up the range of solution concentra-
tions indicates that the limit value has been exceeded.

Any special observations should be indicated
(sedimentation, clouding, etc.) in the evaluation.

TEST REPORT

The following should be included in the test report:
— Electrolyte stability (g/1) (see 2.4)
— Test conditions, indicating dissolving temperature,
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storage temperature, storage time, and type and
amount of electrolyte, as well as further additions to
the test solution.

10. EXPLANATORY COMMENTS

The test method described above has been successfully
used in monitoring the quality of dyes for some time. How-
ever, since there are many test variants that depend on the
products and application method used, the electrolyte sta-
bility data given in publications are not as easy as, for
example, solubility data to evaluate. Also with electrolyte
stability different test conditions may lead to different
results.

Besides the influencing factors already known in solubil-
ity testing (without electrolyte}, such as filter quality, dissolv-
ing temperature, storage temperature and storage time,
here the influence of the electrolyte must also be taken into
account, This includes consideration of such factors as elec-
trolyte purity and ageing of the electrolyte stock solution.

In order to increase comparability and reproducibility, the
test should be carried out with chemically pure substances,
which are normally not used in works practice. Depending
on the type and amount of the impurity, the values found in

the evaluation of technical salt quality may be widely
scattered.

Ageing of the stock solution is of course only of influence
in laboratory tests, since in actual practice such solutions are
hardly ever used, certainly not solutions that have been
stored for any length of time. However, in the laboratory the
highly concentrated solutions that are mostly used may,
with prolonged storage, crystallise out or become chemi-
cally changed.

For the sake of simplifying the work, fresh solutions as a
rule are not used for each test; however, the age of the
solutions is limited, for the reasons given above. In arbitra-
tion cases fresh solutions must always be made up.

It should also be borne in mind that the occurrence of an
unexpected interaction between the dye and the electrolyte
is possible, and this may lead to equivocal results. Thus, for
example, with a particular high concentration of electrolyte
and a low weighed amount of dye precipitation may occur
that does not take place with high amounts of dye.

Although many process variants are possible in dyeing
with reactive dyes, and production dyeing conditions are
often not comparable with laboratory conditions, the
laboratory method described above provides useful indica-
tions about the electrolyte sensitivity of individual reactive
dyes.



