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Regular acrylic fibres were treated with hydrochloric acid so that all the sulphonic acid groups were
present entirely in the acid form. These fibres were dyed under neutral conditions with cationic dyes,
and halochromic colour changes were observed. The results are explained in terms of protonation of
‘the treated fibre by the sulphonic acid groups. This is thought to occur in the chromogenic part of the

dye molecule.

INTRODUCTION

An important characteristic of polyacrylonitrile (acrylic)
fibres is that they contain strong acid groups that can act
as dyeing sites. Typically these are sulphonic acid groups,
which are introduced as comonomer or as end groups into
polymers during polymerisation [1-3). In a previous paper
the anomalous dyeing behaviour of these fibres with some
disperse dyes was observed: in particular a pronounced
colour change in the very early stages of dyeing was
caused by interactions between the disperse dyes and the
sulphonic acid groups in the acid form [4]. Although in
commercial acrylic fibres the sulphonic acid groups are
stabilised as the neutral salt (usually sodium [5]), this salt
form is unexpectedly transformed into the acid form
during preparation and dyeing in the presence of acidic
media. Consequently anomalous dyeing behaviour may
be induced, even when dyeing with cationic dyes. In
practical terms this might mean that undesirable colour
changes take place on the textile material during dyeing. A
change in colour of a chromogen on the addition of acid is
referred to as halochromism [6].

In the present study acrylic fibres containing sulphonic
acid groups in acid and salt forms were dyed with cationic
dyes and examined spectrophotometrically throughout
the whole course of the dyeing process, the object being to
study in detail the specific interactions that take place
between the cationic dyes and the sulphonic acid groups.
By this means it was hoped that a dearer understanding
of how to avoid undesirable colour changes on dyed
acrylic fibres could be developed.

EXPERIMENTAL

Materials

Two types of acrylic fibre were prepared using treatments

similar to those used for fibres:

(a) Fibres having the sulphonic acid group present only
in acidic form: PAN-rH

(b) Fibres having the sulphonic acid group present as the
sodium salt form; PAN-rNa.

The amount of counterions for the strong acid groups
were confirmed by methods described previously [4].

Three aminoazobenzene dyes were used (Table 1).
These were prepared from high-purity cake supplied by
Hodogaya Chemical Co. and were repeatedly recrystal-
lised from ethanol solution and dried in a vacuum.

Measurement of dyeing rate

Dye exhaustion measurements were carried out as
described previously [4]. The dyeing rate curves of PAN-
rH and PAN-rNa at 80°C were obtained by plotting dye
exhaustion at given times throughout the dyeing process.

Colour of dyed fibre

The reflectance spectra of the dyed fibres were plotted
using a Hitachi EPR-II recording spectrophotometer and a
Hitachi U-228 spectrophotometer.

Measurement of the absorbance spectra
A Hitachi U-2000 spectrophotometer was used to measure
the absorbance spectrum of the dyes in aqueous solution.

RESULTS

Figure 1 shows the dyeing rate curves when PAN-rH and
PAN-rNa were dyed with various concentrations of
dye 1 at 80°C. The curves at various concentrations of dye

Table 1 Cationic dyes used in the present study

X
CoHs
A —
O,N N=N©—N\ ci
"
CoHaN{CH3)a
%2
Cl generic Substituted
Dye name groups
1 Cl Basic Orange 33 X, X2=H,H
2 Cl Basic Red 18 X, X2=Ci,H
3 Cl Basic Brown 30 X, X2=ClI, Cl
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1 coincide until shortly before the end of the exhaustion
phase, provided that the amount of dye in the dyebath
was sufficiently high. Thus the anomalous dye adsorption
exhibited when PAN-rH is dyed using disperse dyes was
not observed when cationic dyes were used.

The reflectance spectra of the same dyed fibres for
various dyeing times are given in Figure 2. Dyeing of
PAN-rH with dye 1 was accompanied by a noticeable
colour change during the course of the dyeing, a red
coloration increasing markedly throughout the process.
For PAN-rNa no change in hue during dyeing was
observed.

In order to accelerate the hue changes with dye 1,
further dyebath treatment at 100°C was carried out after
uniform adsorption of the dye on the PAN-rH fibre for 15
min according to the profile shown in Figure 3. This
enabled more pronounced hue changes to be observed.
After about 1 h the changes were gradually reversed, and
eventually an orange coloration was obtained. At this final
stage the spectrum was close to that for PAN-rNa dyed
with dye 1.
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Figure 1 Dyeing rate curves of PAN-rH and PAN-rNa dyed with
various concentrations of dye 1 at 80°C; white data points = PAN-rH,
black data points = PAN-rNa
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Figure 2 Changes in reflectance spectra of PAN-rH (A) and PAN-rNa
(B) fibres dyed with dye 1 (10 mg/l) at 80°C for various dyeing times
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Figure 3 Changes in reflectance spectra of PAN-rH fibres dyed with
dye 1 (10 mg/l) after prolonged dyeing times
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Figure 4 Reflectance spectra of PAN-rH and PAN-rNa fibres dyed
with dyes 1-3 (10 mg/l) after prolonged dyeing times; solid lines =
PAN-rH, dashed lines = PAN-rNa

The reflectance spectra obtained on PAN-rH and PAN-
rNa fibres with all three experimental dyes after 30 min
dyeing are compared in Figure 4. The extent of hue
change was found to be related to the number of chlorine
substituents present in the dye molecule. The hue change
for dye 1 (no chlorine) was greatest, and that for dye 3
(two chlorine atoms) was lowest. Hence the strong acid
groups present in PAN-rH would appear to have a
significant influence on dyeing, Irrespective of the colour
change, no such abnormal dye adsorption at the initial
stage was observed when cationic dyes were used, as
shown in the dyeing with disperse dyes [4]. The dyeing
rate curves of both PAN-rH and PAN-rNa were normal, as
reported previously (7,8].

DISCUSSION

The azobenzene dyes used in the present study are
structurally similar to many disperse dyes, except that a
cationic group is present in the form of a quafernary




ammonium group, which is separate from the chromo-
genic part of the dye molecule. The finding that all the
dyeing rate curves coincide between PAN-rH and PAN-
rNa suggests that the dye cation in the dyeing of PAN-rH
behaves as it would do normally in the dyeing of acrylic
fibre.

Another important result relating to the dyeing of PAN-
rH fibre with dye 1 is the red coloration already noted.
This hue change gradually reversed after about 1 h, to give
an orange coloration. At this final stage the spectrum was
close to that for PAN-rNa dyed with dye 1. With PAN-rNa
no hue change of this sort was observed. The hue change
can be explained if it is assumed the dye cation initially
adsorbed underwent a different form of interaction with
the dye site in the fibre from that established at the final
stage. It also implies that PAN-rH, as distinct from PAN-
1Na, has a transient interaction with the chromogenic part
of the dye molecule. This mechanism is shown in Scheme
1, where D and D-N"*CI" denote the chromogenic part
and the whole of the dye molecule respectively. The entity
PAN-SO;H:D-N*CI" is the transient form of the dye
molecule as it interacts with PAN-rH, and PAN- is the
skeleton of the PAN molecule.

PAN-rH fibre

PAN—SO;H + D-—N*CI PAN—SO3H :D~N*CI-

Scheme 1

In order to examine the transient interaction on PAN-
rH with dye 1, the latter’s absorption spectra (at 0.025
mmol/l) in water and various concentrations of hydro-
chloric acid were obtained (Figure 5). The absorption band
at 470 nm in neutral solution shifted with increasing
concentrations of hydrochloric acid to longer
wavelengths, around 520-540 nm. Three definite
isosbestic points at about 320, 360 and 475 nm were
evident. This behaviour can be explained by protonation
taking place on the dye 1 molecule, the change being
reversible depending on the solution pH.

The absorption specira of dyes 2 and 3 in hydrochloric
acid are also shown in Figure 5. For dye 2 the peak at 490
nm in the neutral solution shifted to around 529 nm with

increasing concentrations of hydrochloric acid, while for
dye 3 the broad absorption band around 430 nm shifted to
around 455 nm (but only at high hydrochloric acid
concentrations). The spectral shifts recorded in Figure 5
resemble those for dyed PAN-rH (Figures 3 and 4).
Spectral shifts observed in the dyed PAN-rH can be
understood on the basis of protonation onto the dye
molecule. The extent of band shifting for such cationic azo
dyes is related to the number of the electron-attracting
chlorine atoms substituted on X! and X2 positions in the
dye molecule (Table 1),

The chromogens of dyes 1 and 2 are similar to those
used in several commercial azo disperse dyes. The
bathochromic shift exhibited in these azobenzene
derivatives in acidic solution has been explained by
protonation at the p-nitrogen atoms of the azo group
[6,9-11]. It is probable that the increase in the number of
substituted chlorine atoms in the basic structure (dye 1)
resulted in a reduction in the electron charge density on
adjacent B-nitrogens in dyes 2 and 3. Thus the suscep-
tibility to protonation decreases with increasing electron-
attracting chlorine atoms. The reason for the greatest band
shift existing in dye 1 and for the lowest shift in dye 3 can
be attributed to the electron charge density on the p-
nitrogen.

The reaction that causes the disappearance of the
halochromic colour changes that arise in the dyeing of
PAN-rH was explained in detail in the previous paper, and
a similar mechanism was no doubt operating in the
present work. The transient interaction related to
halochromic colour changes was subsequently eliminated
by the mechanism shown in Scheme 2. This reaction can
be brought about by ammonium ions, which are
produced by hydrolysis of the cyano groups of PAN-rH.
Since ammonia is a strong base and neutralises hydrogen
ions of sulphonic acid groups, the sulphonic acid in PAN-
tH fibre can be transformed to ammonium salts.
Consequently the transient interaction with the dye
chromogen, adsorbed in the form PAN-SO,H:D-N*CI-
was cancelled, D-N*CI" being liberated in turn (Scheme
2). The liberated dye molecule (dye cation) replaced the
ammonium cation by an ion exchange mechanism
(Scheme 3). The sulphonic acid groups stabilised as the
sodium salt in commercial acrylic fibres are unexpectedly
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Figure 5 Changes in absorbance spectra of dyes 1-3 (0.025 mmol/t) in aqueous solution at various concentrations of hydrochloric acid
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PAN--S03H :D—N*Cl- + NHz — PAN—803NH4* + D—N*CI-

Scheme 2

——
_—

PAN—SO5NH,* + D=-N*CI- PAN-SO;N-D + NH,*CI-

Scheme 3

transformed into the acid form during preparation and
dyeing processes. Consequently a halochromic colour
change may be caused even in dyeing with certain
cationic dyes.

One manual on dyeing acrylic fibre notes that levelling
can be improved by adding Glauber’s salt to the dyebath
[12]. Standard commercial practice when dyeing acrylic
fibres with cationic dye is to use no neutral salts when
softening and dyeing are carried out simultaneously, as
the salts cause undesirable deposition of softener, which in
turn decreases the softening effect. For example, PAN-rNa
fibres were dyed with dye 1 in a weakly acidic dyebath
containing more than 0.1 g/l acetic acid according to the
profile shown in Figure 6. The fibres demonstrated a

30 min 180 min

100°C

Temp.

85°C
15 min

Time ———

Figure 6 Dyeing profile used to obtain the results shown in Table 2;
dye concentration 10 mg/l, liquor ratic 100:1

Table 2 Effect of neutral salts on the hue changes of the
PAN-rNa fibres dyed with dye 1 in weakly acidic dyebath at

100°C

Hue change after different

ling times?

Acetic Sodium sampling times
acid sulphate
concn (/) conen (g/l) 15 min® 60 min 120 min 180 min
0.1 0 05 3 3 25
0.2 0 0.5 4 4 3
0.4 0 0.5 5 4 3
0.2 0.1 0 2 2 1
0.2 0.3 0 2 1 0.5
0.2 0.5 0 1 1 0.5
0.2 1.0 0 0 0 0

a Figures indicate extent of colour on an empirical scale from 0 (no
change) to 5 (greatest change) compared with PAN-rNa fibre dyed
in a neutral dyebath

b At85°C
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distinct reddish hue change, which could be suppressed
by adding over 0.5 g/l neutral salt (such as sodium
sulphate) to the dyebath (Table 2). Sodium ions were
perhaps competing with hydrogen ions in the sulphonic
acid groups on the fibre surface, resulting in a suppression
of protonation in PAN-rNa at relatively high concen-
trations of sodium sulphate. The sodium sulphate added
to the dyebath acted as a levelling agent, as well as helping
to prevent halochromic colour changes of the fibre.

CONCLUSION

The characteristics of halochromic changes during the

dyeing of acrylic fibres having sulphonic acid groups

present only in acidic form (PAN-rH) in neutral dyebaths

with cationic dyes are:

(@) Changes in the reflectance spectra on the dyed fibre in
the initial stage of dyeing

(b) The disappearance of these spectral changes as dyeing
proceeds.

These colour changes are reversible according to the
acidity of the dyebath, and it is inferred that the transient
adsorption of dye cation in PAN-rH fibre occurs via the
chromogenic part of the dye molecule. The disappearance
of the spectral changes is caused by the liberation of the
transiently adsorbed dye cation as a free dye molecule.

Thus normal adsorption of the free dye molecule due to
the ion exchange can be expected in the final stages of
dyeing. In practical dyeing, in order to prevent
undesirable halochromic colour changes of the dyed
acrylic fibre, it is recommended that neutral salts such as
sodium sulphate are used with certain cationic dyes.
These act to suppress the protonation of the sulphonic
acid groups present as the sodium salt form (PAN-rNa) in
a weakly acidic dyebaths.
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