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In the dyeing of nylon, wool, acrylic and even polyester fibres
for carpets, control of the dyebath pH is essential for the
attainment of level reproducible results. It is not uncommon,
however, to find in practice that the means of controlling

the pH is inadequate in terms of the particular chemicals
chosen or in the concentrations employed. This arises because
of an imprecise knowledge of the function of buffering or other
pH-controlling agents, and the practice of a false economy in
their use. This paper outlines these principles and indicates
simple, economic and reliable means of pH control. The systems
described relate to optimized dyeing methods, particularly
those where dyeing behaviour is critically affected by dyebath
pH.

A paper given during 1977 and 1978 to the Scottish Region in
Dundee (6.12.77), the Huddersfield Region (10.1.78), and the
West Riding Region in Bradford (9.2.78).

Introduction

As the dyeing industry moves towards a more capital-intensive
structure, it seeks to improve the return on its investment.
Batchwise dyeing equipment has become more sophisticated
(and therefore costly) and increasingly semi-continuous or
continuous dyeing methods are being introduced with con-
sequent high capital investment. To optimize output from
such equipment there has been a trend to introduce rapid
batchwise dyeing techniques or to run continuous fixation
processes at such a speed that steam-fixation of the dyes must
be achieved in relatively short times. If these short cuts are
taken io their limits, however, there is an increasing likelihood
of operating somewhat on a knife-edge and there is increasing
concern over reproducibility, loss of which is counter-
productive.

The influence which human errors have on the variability
of dyeing has been highlighted by Sumner [I], but the
purpose of this paper is to examine the possible contribution
which the dyes themselves may make as a result of their
intrinsic sensitivity to small changes in the dyebath pH which
inevitably occur in bulk-scale processes.

The Need to Conirol Dyebath pH
The quality of dyeing and batch-to-batch reproducibility are
influenced by many factors. However, control of the pH is
essential for the following reasons:

(iy When the dye—fibre bond formation is of a polar
nature (acid dyes on wool and nylon, and basic dyes
on acrylic fibres) both the rate of dyeing and the
ultimate degree of dyebath exhaustion are determined
by the pH. In addition some polar dyes show either
reversible (salt formation) or irreversible (decomposi-
tion) colour changes if the pH rises above a critical
value.

However, control of the pH is not essential for the following
case:

(i) When the dye—fibre bond is of the van der Waals type
(disperse dyes on polyester, nylon or acrylic fibres)
dye adsorption is independent of pH, and the physical
and chemical stability of the dye itself, under
different pH conditions, is the dominant factor which
determines reproducibility of dyeings.

Thus, the main objective for controlling the pH through-
out the dyeing cycle is so that a dyer can produce level,
reproducible results. Even if the pH of a dyebath has been
adjusted before dyeing commences, it may then be affected by
such things as

(i) Absorption of acid or alkali by the fibre itself (e.g. in
the case of wool}.

(i) Increased alkalinity introduced by boiling temporarily
hard water (particularly if this has been treated in a
base-exchange water-softening plant).

(iii) Loss of ammonia, where ammonium salts are present
in the bath, at elevated temperatures in open-dyeing
systems such as winches.
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Often, pH control is inadequate in practice. The reasons
for this are varied and will be explained in more detail later,
but in general it is a result of using a buffering system that is
either not at its most efficient over the required pH range or is
not present in large enough quantities to ensure that the pH of
the dye-iquor remains within the required limits. Sometimes
the pH is obtained using substances which are not buffers, for
instance ammonium suiphate on its own at room temperature
will give a pH of 6, but this drops to about pH 4 after boiling
for 20 minutes owing to evolution of ammonia. Even in closed
dyeing vessels, where ammonia cannot be lost from the
system, the pH of the bath falls with rising temperature and
will be around pH 4.5 at 100°C [2].

Town’s water, without the addition of any buffers, etc., is
likely to possess an initial pH value which could be between 5
and 10. The actual pH of the dyebath would then be affected
by such things as the chemicals with which the dyes were
formulated (especially with liquid dyes for reasons of solu-
bility or dispersibiiity), as well as by acids or alkalis introduced
adventitiously into the bath, either by the material itself as a
result of prior processing, the use of contaminated vesscls or
by other dyebath auxiliaries. Tt is thus essential to add
chemicals to the bath which will ensure that an optimum pH is
established and that this pH remains reasonably constant
throughout the dyeing process.

The Features of Buffer Systems of pH Control

A product which resists the effect of such extraneous
influences to changing the pH is called a buffer and is usually
based on rwo chemicals, namely

A weak acid +its salt with a strong base (e.g. acetic

acid—sodium acetate, phosphoric acid—sodium

phosphates, boric acid—borax)
or

A weak base +its salt with a strong acid (ammonia—

ammonium sulphate).

It is essential to appreciate that any particular buffer
mixture is effective over a given pH range, but that the
buffering capacity is greatest in the middle of this pH range
and becomes very poor at the upper and lower extremes.

pH

| Buffer range’

Alkali added
Concentration of

NaH,PO,.2H,0 Na, HPO,.12H, 0

(/1) (8/1)
. 2.0 0.25
2. 09 1.4
3. 01 2.0

Figure 1 — Typical neutralization curve: phosphoric acid—
caustic soda
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These points are illustrated in Figure 1 which shows a
typical pH curve for the well-known phosphate buffer system.
This curve shows the changes in pH that occur when
phosphoric acid is neutralized by gradual additions of caustic
soda. In practice, however, a mixture of sodium dihydrogen
phosphate and disodium hydrogen phosphate is used, since
these salts are easier to handle and small weighing errors do
not have a significant effect on the pH of the final mixture.
The more horizontal portion of the curve represents the buffer
tegion, any point along which could be obtained by suitabie
admixtures of the two phosphate salts (not forgetting the
associated water of crystallization). From the graph it can be
seen that this system is most useful near pH 7 and is definitely
not suitable for buffering against acid below pH 6 and against
alkali above pH 8. For these regions the buffer system itself
has to be changed, and suitable systems are given in Table 1.

TABLE |

Buffer Systems

Components pH Range
Acetic acid—Sodium acetate 3858
NaH,PO;—Na, HPO, 6.2-8.2
Boric acid—Borax 8.1-10.1
Citric acid—Sodium citrate 2.1-7.9
Acetic acid—Sodium pyrophosphate 3.8-9.2

Since the overall pH range that a dyer will normally wish to
cover is from 4 to 8§ it is possible to use one ‘universal® buffer
system such as citric acid—sodium citrate or acetic acid—
sodium pyrophosphate.

Each of these two systems contains four equilibria of jonic
salts that effectively resist pH change in a sequential manner —
between pH 2 and pH 8 with the citrate system and between
pH 4 and pH 9 with the pyrophosphate system. However, at
about £3 per 1000 gal of dye-liquor the citrate system seerns
expensive when compared with the pyrophosphate buffer
pricc of £0.75 per 1000 gal. The citrate system may, however,
be of interest where limitations are placed on effluent
discharge containing phosphates.

104 .
Mixture of oo

NaHzPO,.2H50 1

MayAPO 4. 12150 at:-

pH

Figure 2 — Phosphate buffer: Capacity vs concentration

Increasing the concentration of the agents increases the
overall buffering capacity, but there is clearly an economic
upper limit. If, on the other hand, a very low concentration of



buffer is used, the capacity is so poor that one might almost
omit it altogether from the dyebath. This is clearly illustrated
in Figure 2 which shows how the concentrations of mixtures
of disodium hydrogen phosphate and menosodium dihydrogen
phosphate give an increasing buffer capacity as the total
concentration of the electrolytes is increased.

This pH control is particularly useful when dealing with
temporary hard water, that is, water containing calcium and
magnesium bicarbonate which, after base-exchange softening,
contains sodium bicarbonate. When a dyebath with such water
is brought up to the boil, carbon dioxide is released and the
pH rises. Thus, whilst the initial pH of the dyebath may be
correct, a subsequent change in dyebath pH can only be
prevented, or at least minimized, by the use of sufficient
buffer. Table 2 indicates the calculated change in pH that
would occur with a typical phosphate and acetate buffer
(depending on the concentration of buffer used) if the water
supply had a hardness of 8° (Clark). In the case of the acetate
buffer mixture shown, the upper limit of pH would be
approached for this to be effective — hence the relatively high
concentration (4 g/b) necessary to achieve good pH stability. If
this buffer is used nearer its optimum buffering capacity (pH
4.5) then 1-2 g/l would be quite adequate. It should also be
remembered that these are calculated values which make no

allowance for the presence of the fibre.
The exact concentration of buffer which should be used in

practice can only be decided by practical experience, but the
general trend, indicated by Table 2, was confirmed by some
TABLE 2

Effect of Hard Water on Dyebath pH

Buffer Concentration Calculated
(/D) Final pH in 8° (Clark)
Hard Water
Nag HPO4ANE[H2 P04 0.7 8.0
(Approx. 1:1 to give 1.2 7.1
pH 6.7) 2.7 6.8
5.5 6.7
NaAc—HAc 1.0 7.5
(Approx. 7:1 to give 2.0 59
pH 5.5) 4.0 5.6
TABLE 3

practical experiments in which initial dyebath pH was
measured at room temperature as well as at the boil, and at the
end of a l-hour dyeing time, using phosphate and acetate
buffers. For comparison, ammonium sulphate, which
decomposes in an open dyeing vessel but not in a closed
circulating Hiquor machine, was also included. The results are
given in Table 3, which illustrates the effect of using too little
buffer as well as the effect that the fibre itself has. Thus, in
even moderately hard water, one could expect a mean increase
in pH during dyeing of 0.5—1.0 unit if too low 2 concentration
of buffer is used, and of 0.2—-0.5 units even at the recom-
mended 2 g/l buffer. Such variations may or may not be
critical depending on the dyes selected, the application
method and the fibre used.

If phosphate buffers are used in hard water, which has not
been passed through a base-exchange softener (i.e. the water
contains appreciable quantities of calcium and magnesium),
then problems may arise owing to precipitation of phosphate
salts. Thus, in dyeing systems where filtration could occur {e.g.
beam dyeing), this effect must be overcome by the addition of
sodium hexametaphosphate (‘Calgon’) to the dyebath before
addition of the phosphate buffers.

Practical Examples of Applications Where pH Control is
Critical

1. UNMODIFIED NYLON AND WOOL

As far as practical applications of anionic dyes are concerned,
the rate of dyeing is usually controlled by the rate at which
the dyebath temperature is raised at constant pH. In the
dyeing of nylon and wool, an optimum has to be found
between attaining a sufficiently low pH so that good exhaus-
tion (90% or more) is obtained and a sufficiently high pH so
that the dyeing is slow enough to give good levelness.

For four types of woal dye, i.e. the equalizing acid (e.g.
Lissamine, ICI) dyes normal- and super-acid milling (e.g.
Coomassie and Carbolan) dyes and a few metal-complex acid
dyes, where the choice depends on the required level of wet
fastness, Figure 3 illustrates this optimum pH where 90—95%
exhaustion is obtained and (particularly with the two acid
milling types) the rate of dyeing is slow enough to confer
levelness.

Variations in pH affect both this rate and the % exhaustion
and it is interesting to note that, for wool, this exhaustion

Measured Dyebath pH Values in Hard Water (100 p.p.m. CaCO;, 7° Clark Hardness)

Buffer
Concentration Initial

Buffer System Used (g/1) (No fibre)
N32 HP04 —NaHg PO4 2.0 6.6
{Approx. 1:1) 0.5 6.5
NaAc—HAc 20 4.4
(Approx. 1:1) 0.5 5.0

N 2 g/1 Open vessel 7.0
(NH4)> S04 2 g/1 Closed vessel 7.0

* At end of 1 hour

Measured pH of Bath
Range during 1 h at 95°C

Wool
6.6-7.2
7.0-7.5

48-5.2
6.0-6.2
5.7-6.0

7.3%

Nylon
6.6-7.0
7.0-7.5

4.6-5.0
5.8-6.0
4.6-5.0

7.4*
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(and hence colour yield) is equally affected by pH regardless
of the category of dye — an increase of, for example, 0.5 pH
units beyond the optimum pH shown in Figure 3 gives rise to a
decrease of approx. 10% in the colour yield for each group of
wool dyes.

100

N

’ { Premet
e t t type
N 75)
= pH3 pH4.3 pH&.5 pH7.5
2
3 Carbolan
[l
-§:< 50] . .
] Lissamine
type
25
3 4 E] [ 7 B
pH

Figure 3 — Dyeing of wool: effect of pH on exhaustion
TABLE 4

Dyeing of Wool — Effect of pH on Rate of Dyeing

are more affected in their rate of dyeing by a change in
dyebath pH, but each Carbolan dye is affected to a very
similar degree. In contrast, the effect on the still more polar
Coomassie dyes is both greater and more varied — this will
affect not only the levelness but also the compatibility. A
mixture of Coomassie dyes, compatible at pH 6.5, is unlikely
to be so at pH 5.5, further illustrating the need for a stable
dyebath pH. However, it might be expected that a compatible
Carbolan mixture will remain compatible despite pH changes.

For unmodified nylon 6.6, the effect of pH on the rate of
dyeing is shown in Figure 4 for three equalizing acid dyes,

L

30

~
t)

Time of half dyeing, min

=

1. Nylomine Red A—2B {C.l. Acid Red 266)
2. Nylomine Red B—3B (C.I) Acid Red 57)
3. Nylomine Red B—B {C.!. Acid Red 394)

pH

Figure 4 — Batchwise dyeing: effect of pH on rate of dyeing

100

Dye C.I. Acid  Relative Rate of Dyeing
at pH 5.5 vs pH 6.5
Irgalan
Grey BRL (CGY) Black 60 1.1
Yellow 2GL (CGY)  Yellow 129 1.1
Nylomine Av. 1.7
Yellow D—G (ICI)  Yellow 151 1.9
Black D—2R (ICI}  Black 172 1.4
Carbolan
Yellow 4G (ICT) Yellow 70 23
Rubine 2B (1CD) Red 129 2.4
Blue B (ICI) Blue 138 25 Av.24
Blue 2R (ICD) Blue 140 2.5
Green 5G (ICI) Green 28 2.5
Coomassie
Yellow R (ICI) Yellow 42 5.0
Orange G (ICT) Orange 33 54
Red B (ICI) Red 138 3.5 Av.46
Blue SE (ICI) Blue 112 4.5
Grey 3G (ICD) Black 48 4.3

Exhaustion, %

@
<)

25

TN

a

1.

5 (] 7 8

pH
Nylomine Red A—2B (C.I. Acid Red 266}

As far as the rate of dyeing, and hence levelness, is
concerned, the effect of pH is more varied. Since levelness is,
by definition, an inherent feature of the equalizing acid dyes,
the effect of pH on these dyes becomes relatively unimportant
when compared with dyes of higher fastness. Table 4 shows
how pH affects the dyeing rates for some acid milling and
metal-complex dyes. It can be seen that the rate of dyeing at
pH 6.5 has been taken as standard and the rate at pH 5.5
compared with it. The more polar the nature of the dye the
greater is the effect of decreasing the pH in increasing its rate
of dyeing. Thus, the least polar dyes, such as the metal-
complex dyes, are least affected. The Carbolan range of dyes
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2. Nylomine Red B—3B {C.I. Acid Red 57)
3. Nylomine Red B—B (C.l. Acid Red 394)

Figure 5 — Batchwise dyeing: effect of pH on equilibrium
exhaustion

namely Nylomine Red A-2B (C.1. Acid Red 266) which is
monosulphonated and is designed as a low contrast dye with
high neutral affinity, Nylomine Red B--3B, (C.I. Acid Red 57)
also monosulphenated, but which possesses a higher degree of
polarity and thus lower neutral affinity for the fibre, and
Nylomine Red B-B (C.I  Acid Red 394) which is
disulphonated and was designed as a high contrast dye for



application to differential dyeing nylon. If, for example, an
ideal time for half dyeing were taken to be 30 min, Nylomine
Red A—2B can best be dyed at a pH of about 6.5, whereas
Nylomine Red B—3B and Nylomine Red B—B can be dyed
around pH 5. For medium depth dyeings, therefore, at pH
values greater than these, dyeing times may be unacceptably
long or else the final exhaustion may be considerably less than
100%, as can be seen from Figure 5. This shows the effect of
pH on the equilibrium exhaustion and includes the same three
dyes as before, since the behaviour of these dyes is typical of
three distinct levels of neutral affinity. The Nylomine A group,
represented by Nylomine Red A—2B, could be almost com-
pletely exhausted even at pH 7 and small variations in pH
below pH 7 (e.g. 0.25 unit) will show variations of depth so
small that they will not be detected by the eye (i.e. < 2%).
The exhaustion of the medium contrast dye, Nylomine Red
B—-3B, is affected even at pH 5, and pH variations of 0.25 unit
will produce depth changes of about 5% increasing to around
15% at higher pH values. Hence it is possible that poor
reproducibility could result if the pH of the dyebath is not

sufficiently well controlled. Similar variations in pH for

Nylomine Red B—B could give rise to drastic changes in the
final depth of dyeing (e.g. the exhaustion could be 85-90% at
pH 6.5, but only 50-60% at pH 6.75). It must be
remembered, however, that dyes of such low neutral affinity
as Nylomine Red B—B would normally be applied only to
differential-dyeing nylon.

Similar considerations of pH control apply to carpet
printing if acids, which do not give a sufficiently low and
constant pH (e.g. volatile weak acids such as acetic acid), are
used [3] . Dyes of high neutral affinity show rapid fixation in
steam and give rise to little wash-off of unfixed dye after
steaming, even if pH variations do occuz. Economic considera-
tions do, however, demand the use of some dyes of much
lower neutral affinity (e.g. C.I. Acid Yellow 19) and, in order
to attain reproducible results, it is now common practice to
use strong, non-volatile acids such as sulphamic or citric acid.

2. DIFFERENTIAL-DYEING NYLON

It is well established that closer control of pH is necessary
when dyeing, either in the winch or by continuous application,
differential-dyeing nylon. This is because, in addition to the
factors relating to normal nylon, the partition of the individual
dyes between the two or more fibre variants from which the
carpet is tufted must be considered. If the pH varies from
batch to batch, variations can be expected in this partition,
which will become apparent either as a strength difference of
the dyes on the component fibres or, less acceptably, as a hue
difference.

The relative sensitivity of a range of dyes of increasing
polarity, and therefore of increasing contrast effect given, to
pH variations is shown in Figure 6. A carpet composed of ‘low’
and ‘deep’ (50:50) dyeing nylon was dyed under continuous
application conditions at different pH values. The degree of
contrast between the low and deep nylon fibre variants was
then determined spectrophotometrically and expressed as a
“Contrast Ratio”, i.e.

Relative Dye Concentration on the Deep Dyeing Nylon
Relative Dye Concentration on the Low Dyeing Nylon

As the pH decreases so the contrast ratio approaches unity,
but it is clear that the more polar the dyes that one must use

Contrast ratio
1]

Nylomine Blue A—G  (C.I. Acid Blue 25)
Nylomine Blue B—B  (C.l. Acid Blue 41)
Nylomine Blue C—2G  (C.l. Acid Blue 175)
Nylomine Blue C—R  {C.I. Acid Blue 112)
Nylomine Blue B—R  (C.!. Acid Blue 318)

[P R

Figure 6 — Effect of pH on relative contrast (continuous
dyeing on low—deep nylon)

to obtain the high contrast effects (Contrast Ratio 5 or more),
the more marked the variations if the dyebath pH is not
closely controlled. If, on the other hand, the desired degree of
contrast can be achieved with dyes of higher neutral affinity,
then they should be used in the interests of reproducibility. It
has already been shown that variations in dyebath pH of £0.3
can often be expected. The change in contrast that this
variation would produce is shown in Table 5 for four of the
dyes shown in Figure 6. The dyes shown represent producis of
decreasing neutral affinity which give increasing degrees of
contrast. They may also be classified according to the
Compatibility Group (“C” number) into which they fall [4];
these values are also shown in Table 5.

TABLE 5

Sensitivity to pH of Contrast Effect (Normal pH of Dyeing=6.5)

Contrast
Nylomine C.I. Acid Contrast Compatibility Change (%)
Dye Blue Type Group pH 6.2-6.8
Blue A—-G 25 Low 1 4
Blue B-—-B 41 Medium 3 11
Blue C—R 112 High 4 17
Blue B—R 318 High 4 22

If dyes belonging to different Compatibility Groups are
used to dye a mixture colour on differential-dyeing nylon and
pH variations occur from batch to batch, much greater
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25

1. All Group C.4 dyes
2. Group 4 yellow + Group b red and blue
3. All Group C.5 dyes

20}

—
o

Hue angle difference (AH°)
>

pH

Figure 7 — Colour reproducibility - importance of com-
patibility (continuous dyeing}

problems of reproducibility arise because even the small hue
differences which are produced are readily detected by the
eye. This factor is illustrated in Figure 7, where the hue
difference between the two nylon fibre variants is expressed as
a hue angle difference (ANLAB system): for the colour in
question a hue angle difference of about 2° represents an
acceptable tolerance limit. Therefore, by using the type of
curves shown in Figure 7, the tolerated extremes in dyebath
pH can be assessed. This tolerance has been assessed for a
number of combinations of dyes which, although individually
classed as high contrast dyes, belong to various Compatibility

TABLE 6

Hue Differences on Differential-dyeing Nylon (50:50 Low—Deep)

Dye Combination: Compatibility Group  pH Tolerance
C.I. Acid of Component forAH=2°
Yellow 19 4

Red 394 4 +0.5
Blue 318 4

Yellow 19 4

Red 384 5 0.2
Blue 80 5

Yellow 19 4

Red 57 3 £0.1
Blue 80 5
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Groups ranging from 3 to 5 (Table 6). Accepting that pH
variations of +0.3 units may occur in practice, the advantage of
using a combination comprising dyes all of which belong to
the same Compatibility Group is quite evident.

3. ALTERNATIVE DYEING SYSTEMS FOR NYLON

So far, exhaustion control has meant stringent control over pH
latitudes and control over temperature rise. In the dyeing of
wool and nylon however, it is also possible to control the
dyeing by using a constant temperature for most of the dyeing
cycle and by using chemicals which lower the dyebath pHin a
controlied manner. A combination of raising the temperature
and lowering the pH simultaneously is also possible.

The controlled lowering of the pH can be achieved by
using products which decompose to give more acidic com-
pounds under the dyebath conditions. Typical amongst these
are ammonium salts (e.g. sulphate, acetate, tartrate, etc.) and
compounds which hydrolyse to yield acids (e.g. ethyl tartrate,
y-butyrolactone, etc.). Such products are the very opposite to
buffers in that a constant pH is only obtained towards the
latter stages of the dyeing and only then when the decomposi-
tion reaches an equilibrium point. (Note: In open vessels using
ammonium salts this does not- always occur and the pH
continues to fall progressively). In order to obtain maximum
control it may be necessary to start the dyeing under slightly
alkaline conditions, in which case a mild alkali (e.g. borax) is
mixed with the acid-producing agent. Typical dyebath pH
values obtained during dyeing with such mixtures are shown in
Figure 8.

8

Dyeing method :—
70°->100°C in 5 min
100°C for 25 min

pH

0 20 30
Dyeing time, min
1. 0.5 g/l Borax—1.0 g/l v-Butyrolactone
2. Either
0.2 g/l Amm, Sulphate—0.8 g/l Ammonia
or 1 g/t Amm. Sulphate—1 g/l Borax
3. 1 g/l Borax—2 gfl Diethyl tartrate

Figure 8 — pH control of dye exhaustion

This idea however, is not new, since in 1953 the Estrocon
process [5] (using diethy! tartrate) was being employed to dye
wool, and the technique of one compound decomposing in
situ- to produce acid is utilized by Sandoz [6] with the
‘Sandacid V" process — y-butyrolactone hydrolyses to produce
butyric acid. Other pH-controlled exhaustion processes include
the CIL process for wool [7], the Telon ST process of Bayer
[8] and the Ciba—Geigy ‘Dosacid’ [9] process for nylon, in



which the dyebath is initially made weakly alkaline with
ammonia or caustic soda and the pH is gradually reduced by
controlled additions of acetic acid or sulphuric acid. This
addition is done automatically according to a preset
programme. The pH is monitered constantly by inline-flow pH
electrodes which ensure that the preprogrammed rate of
change of pH is maintained. Polymetron and Foxboro are two
firms who produce this type of equipment and it has the
advantage that strongly acidic conditions ensure full dyebath
exhaustion. Following automatic neutralization, the dyebath
can be reused.

4. DYEING OF POLYESTER FIBRE

The rate of dyeing of disperse dyes is unaffected by dyebath
pH, nevertheless there are other reasons for close pH control.
A pH of 6 or more is preferable for the coloration of
deep-dyeable polyester fibre to avoid fibre degradation,
whereas for regular polyester fibre, pH 5.0 to 3.5 is recom-
mended. Even though the pH has no effect on the rare of
dyeing, acidic conditions preventi potential problems with
alkali-sensitive disperse dyes and reduce oligomer formation
during high-temperature dyeing. Recommendations for good
buffering in the region of pH 5.5 are required and at least
three dyemakers suggest 2 g/l ammonium sulphate mixed with
various amounts of formic or even sulphuric acid. Figure 9

7]7 Key:

2 g/l Ammonium sulphate plus:

1. 0.25 g/l Formic acid (BO%)
0.2 g/t Formic acid
0.1 gM Formic acid
0.056 g/l Formic acid

O os W

No acid

Alkali added
Figure 9 — “Buffer” for polyester dyeing

shows the affect that formic acid has on 2 g/l ammonium
sulphate. A pH of 5.5 is then obtained by the addition of only
0.05 g/1 formic acid (point 4), but what can also be seen is that
this combination is not buffering in the pH 5.0—5.5 region and
a further addition of 0.05 g/t formic acid brings the pH down
to 4.1 {point 3). The effect that such variations in pH can have
on pH-sensitive disperse dyes is illustrated in Table 7. Four red
disperse dyes were dyed at pH 5, 6 and 7 for 1 hour at 130°C

and the colour differences of the dyeings carsied out at pH 6
and 7 were measured relative to the colour obtained at pH 5.
The results were expressed as a total colour difference (AE) in
ANLAB units. It is clear that, even with self-dyeings, if a pH
tolerance of about 1 unit were exceeded then the degree of
reproducibility of dyeing would be unacceptable, since a total
colour difference of 1 ANLAB unit is readily visible to the
eye.

TABLE 7

Effect of Dyebath pH on the Colour of Red Disperse Dyes on
Polyester Fibre

Colour Difference {AFE) vs Control
(dyed at pH 5) when dyed at:
Dispersol (ICT) C.L

Dye Disperse pH6 pH7
Red C-B Red 91 0.3 0.5
Red B-2B Red 60 0.4 0.6
Rubine C—-B Violet 33 0.9 3.5
Red C-3B Red 82 1.0 5.1
Scarlet C-G Red 54 1.5 38

If the ammonium sulphate—formic acid ‘buffer’ system
were used,set at pH 5.5, and the hardness of water was 8°
Clark, this would cause the dyebath pH to change to 6.7. With
certain dye combinations this would clearly affect the colour
obtained. It is preferable, therefore, to use a more effective
buffer and the one which is most cost effective in the pH 4—6
region is acetic acid—sodium acetate, provided that sufficient
quantity of buffering reagents is used as illustrated earlier.

5. DYEING OF ACRYLIC FIBRES

As with nylon, the rate of dyeing of acrylic fibre governs
levelness and hence reproducibility. This rate increases with
increasing pH, and a pH of 4.5—5.0 has been generally found
to give good reproducibility in a reasonable dyeing time. It is
possible to achieve faster dyeing cycles at higher pH values,
but the sensitivity of some dyes (mainly blues) to hydrolysis at
these higher pH values can again lead to poor reproducibility.
To try to demonstrate this kind of sensitivity to hydrolysis, a
series of six basic blue dyes were dyed at 1/1 standard depth
on to a basic substrate at various pH values. The difference in
hue (redness) between the dyeings at pH 4.5 (taken as
standard) and dyeings at subsequently higher pH values was

TABLE 8

Effect of pH on the Hue (Redness) for Six Blue Basic Dves
on Acrylic Fibre (All Figures in ANLAB Units)

A Hue Values
(dyeing at pH 4.5 used as siandard)

C.1. Basic Manufacturers stated
Blue pH-stability range  pHS5.5 pH6.5 pH7S5
3 25-8.0 0.7 0.9 2.5
22 2.5-8.0 0.2 0.4 13
41 2.0-6.0 1.0 1.5 2.7
54 ? 0.8 30 5.6
57 20-6.5 1.3 1.3 2.8
69 ? 0.5 0.8 3.0
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measured colorimetrically. All dyes are in fact dulled by
increasing the pH, some to a quite high extent, however, since
redness is much more noticeable. Table 8 illustrates the effect
on the hue of changing the pH. Typically, the pH-stable C.I.
‘Basic Blue 22 showed very little change, even at pH 7.5,
whereas the pH-sensitive C.I. Basic Blue 41 even at pH 5.5 was
beginning to show visible differences from the standard dyeing
in both redness and dullness. C.1. Basic Blues 54 and 57 were
also found te be unstable to hydrolysis. This sensitivity to
hydrolysis can be even more clearly demonstrated if the dye
solution is boiled at pH 7 for 30 min, for example, in the
absence of any substrate. If a substrate is then added to this
previously boiled, acidified solution and dyed, the three
hydrolytically sensitive blues actually give a red dyeing.

Conclusions

Time used in selecting the right buffer system would appear to
be time well spent, since many of the accepted combinations
are only effective over a range of 2 pH units. Once one has the
correct system, it is important to make sure that the reagents
are present in sufficient quantities to produce the required

buffering action. A little extra expenditure (e.g. £0.80—£2.50
per 1000 gal) on buffering reagents may give rise to better
reproducibility and levelness even with the most pH-sensitive
dyes when the extra cost of using more pH-stable dyes might
be £30—£40 per 1000 gal. When time is also a valuable
commodity, good buffering also saves ‘adds’ and redyes, the
cost of which is often not fully appreciated.
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