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The influence of dyebath pH, dyeing time, levelling agents, dyestuff and anti-setting agent on hygral
expansion has been investigated. The incorporation of an anti-setting agent in the dyebath minimised

increases in hygral expansion resuiting from the dyeing process.

INTRODUCTION

When wool fabrics absorb moisture they generally exhibit
an overall increase in dimensions as a result of fibre and
yarn swelling. This behaviour has been termed “hygral
expansion’ and is an inherent property of woven wool
fabrics [1]. Factors influencing hygral expansion include
fibre length and diameter [2,3], cover factor {4], and
perhaps more importantly yarn crimp [1] and degree of
fabric set introduced during finishing [5].

On the absorption of moisture, a crimped yarn will
straighten within the weave structure (primarily as a
result of radial swelling of individual fibres), thereby
increasing fabric dimensions, until forces at yarn crossover

points prevent further straightening. In order to
accommodate further radial swelling as moisture uptake
increases, yarn crimp becomes greater and hence there is a
reduction in fabric dimensions, a mechanism termed
‘swelling shrinkage’ [6]. The onset of swelling shrinkage
occurs at intermediate regain in some fabrics whereas it
may not occur until saturation regain in others.

The latter case is a particular feature of fabrics that have
been subject to permanent setting as experienced during
the piece dyeing process. For a given fabric structure, the
maximum hygral expansion, corresponding to the
swelling shrinkage point, is related to the degree of
permanent set imparted to the fabric. Dyeing is a severe
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setting process since it involves not only high processing
temperatures but also a large degree of fibre swelling [7].
Although low levels of hygral expansion can be beneficial,
values above 5-6% can lead to difficulties during tailoring
[7.8].

Previous work has indicated the importance of dyebath
pH [9] and dyeing time [10] on fabric setting and hygral
expansion. Recent publications have shown that the
incorporation of an oxidant into the dyebath not only
improves the physical properties of the dyed fabric but
also controls dyebath-induced hygral expansion [8].

In this paper the influence of various dyebath para-
meters on hygral expansion is detailed. In addition, the
efficacy of a specific anti-setting agent in controlling
dyebath-induced hygral expansion has been examined.
Various commercially available dyebath reducing agents
have also been assessed and their influence on the final
hygral properties of fabrics is demonstrated. The
commercial use of such reagents counteracts fabric
yellowing resulting from the dyeing process.

EXPERIMENTAL

Fabric

All dyeings were carried out on a pure wool gabardine
fabric of 240 g/m? supplied by IWS, TIkley, UK. This fabric
had previously undergone a pressure decatising (KD
Biella shrunk decatiser, 2 min steam at 0.12 MPa (1.2 bar))
and rope scour (Bailey rope scour machine, with sodium
carbonate for 30 min at 40°C) treatments followed by
stenter drying.

Measurement of hygral expansion

The level of hygral expansion induced into the fabric
during dyeing was measured using equipment previously
described [11]. This allows the dynamic monitoring of
dimensional change occurring in the fabric as it dries at a
steady controlled rate from saturation regain.

Measurement of set

Before dyeing a crease was sewn into the fabric sample.
After dyeing snippets were removed, relaxed in water for
30 min at 70°C and the yarn angle, 8, measured. The
degree of set was determined using Eqn 1 [5,8]:

Set (%) = 100 x (180 — 6)
180

M

Table 1 Dye recipes used in the present study

Dyeing procedure

The dyebath was set at 40°C (liquor ratio 18:1) and held for
20 min, after which time the temperature was raised to
100°C over 30 min (approximately 2 degC/min). Boiling
was continued for a further 30 min.

Influence of dyebath variables

The dyebath was set with either 3% o.w.f. ammonium
sulphate or 5% o.w.f. sodium sulphate. The pH was
adjusted using either acetic acid (pH 4-7) or sulphuric acid
(pH 2-3). Dyeings were also carried out at pH 2, 3 and 5 in
order to investigate particularly the effect of low dyeing
pH on saturation or wet/dry hygral expansion. The
dyebath was set with 5% sodium sulphate and the pH
adjusted with acetic or sulphuric acid. Samples were dyed
forup to4 h at 100°C.

In addition to blank-dyed samples, fabric was also dyed
at levels of 1, 3 and 6% o.w.f. dye over a pH range of 2-6
using the recipes indicated in Table 1 to determine the
effect of dye on hygral expansion.

The influence of an anti-setting treatment on fabric salt
and hygral expansion was examined over a range of
dyeing pH values and times. To assess the effect of pH the
dyebath was set with 5% sodium sulphate and 1% anti-
setting agent; the pH was adjusted with either acetic acid
(pH 4-6) or sulphuric acid (pH 2-3). The role of dyeing
time was investigated by setting the dyebath with 5%
sodium sulphate and 1% anti-setting agent at pH 5;
dyeing at pH 5 was continued for up to 4 h.

The effect of various dyebath reagents on hygral
expansion was also examined. Erioclarite (CGY), 1%,
Lanalbin B (S), 1%, and anti-setting agent 1%, were
incorporated separately into both a milling acid (pH 5)
and a levelling acid (pH 2.8) dyebath.

Interpretation of experimental data

The experimental data obtained were represented
graphically in terms of length change against regain. Such
plots enabled two values to be obtained: maximum hygral
expansion (the percentage length change at the point at
which the fabric begins to contract due to interyarn
pressure) and hygral expansion at saturation regain. The
latter value can also be obtained using the method
described by Shaw [7]. At saturation regain the fibres are
fully swollen and further dimensional change is unlikely.

RESULTS AND DISCUSSION

The degree of hygral expansion induced in the fabric

pH Dye class Dye Cl Acid Dyebath assistant

64 Milling acid Coomassie Yellow R (ICl) Yeliow 42 3% ammonium sulphate/acetic acid

5 Milling acid Sandolan Golden Yellow MF-RLN (S) 3% sodium sulphate/acetic acid

3 Levelling acid Lissamine Yellow 2G (IC1) Yellow 17 5% sadiumn sulphate/2% sulphuric acid
2 Metal-complex (1:1)  Neolan Yellow BE {(CGY) Yellow 54 5% sodium sulphate/5% suiphuric acid
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during dyeing is a result of the fabric being set in a new
configuration dictated by the dyeing conditions [9,12]. The
setting mechanisn is catalysed by free thiols present in the
wool and proceeds via a nucleophilic substitution reaction
known as thiol-disulphide interchange (Scheme 1) [8,13].
—S§,8,— + —857 -—
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Scheme 1

Figure 1 shows the influence of dyebath pH on the
hygral expansion of samples dyed in baths set with
sodium or ammoniwmn sulphate. Over the pH range
studied the samples treated with 5% sodium sulphate
exhibited slightly lower maximum hygral expansion than
those treated with 3% ammonium sulphate (The role of
salts will be discussed in a later paper but these
concentrations follow established dye recipes.) In both
traces, however, there is an increase in maximum hygral
expansion up to pH 7. As the dyebath became less acidic
deprotonation of the cysteine residues accelerated thiol-
disulphide interchange, thus increasing both the level of
permanent set and the hygral expansion in the fabric.
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Figure 1 Influence of dyebath pH on maximum hygral expansion

The effect of dyeing at low pH on hygral behaviour is
shown in Figures 2 and 3. Figure 2 demonstrates the effect
of dyeing at pH 2.8 on saturation hygral expansion, a clear
reduction below that of the untreated fabric being
observed for both the blank-dyed samples and those
treated with 6% dye. In addition, Figure 3 shows the effect
of prolonged dyeing at 100°C on this property at pH 2, 3
and 5 (the horizontal line represents the value for the
untreated sample). Dyeing at pH 2 resulted in a reduction
in saturation hygral expansion to levels below that of the
undyed fabric even after 4 h at 100°C, whereas dyeing at
pH 3 gave only in an initial reduction after 15 min at
100°C. One possible interpretation of this observation may
lie in the tendency of wool to felt at low pH [14]. Felting
would increase yarn-yarn interaction, lowering the hygral
expansion of fabrics particularly in the fully swollen state
at saturation regain. Two mechanisms, both brought about
by the dyeing process, appeared to be influencing the
hygral properties of the fabric. Below pH 3 felting

dominated and led to reduced hygral expansion at
saturation regain, while above pH 3 fabric setting was
more important, resulting in increased hygral expansion.
It should be emphasised that the low hygral expansion
(maximum and saturation) observed at low pH is the
result of suppression of the thiol-disulphide interchange,
and that the further decrease in saturation hygral
expansion was due to fabric milling,

Increasing the quantity of dye in the fibre resulted in a
lowering of both maximum and saturation hygral expan-
sion. Figure 4 demonstrates the effect of dye concentration
on maximum hygral expansion values of fabric dyed over
the pH range studied. Values for saturation hygral
expansion followed a similar pattern. Figure 5 illustrates
the effect of Sandolan Golden Yellow MF-RLN applied at
1, 3 and 6% o.w.f, again showing that an increase in dye
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Figure 2 Variation in hygral properties when dyeing at pH 2.8
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Figure 3 Influence of dyeing time on saturation hygral expansion at
pHS5,3and 2
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Figure 4 Influence of dye on maximum hygral expansion over pH
range studied
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Figure 5 Effect of Sandolan Golden Yellow MF-RLN depth on hygral
expansion

concentration led to a lowering of hygral expansion. From
the early results of an ongoing investigation, the indic-
ations are that this decrease in hygral expansion,
corresponding to increasing concentrations of dye in the
fibre, is not caused by a decrease in fabric set (the results
will be reported at a later date). These effects were possibly
due either to an increase in fibre hydrophobicity or simply
to water exclusion causing a reduction in fibre swelling on
reimmersion in water.

Fibre diameter measurements have been conducted in
both water and paraffin, and results are given in Table 2. It
can be seen that the dyed fibres had a greater diameter in
paraffin than in blank dyeing. Conversely the blank-dyed
fibres exhibited a greater diameter in water. On immersion
in water there was a much greater swelling observed with
the blank-dyed sample than with those containing dye.
This behaviour was indicative of an increase in the
hydrophobic nature of the fibres containing dye, leading
to moisture exclusion and a consequent decrease in
moisture swelling,

The effectiveness of the anti-setting treatment in
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controlling dyebath-induced hygral expansion over the
pH range investigated is shown in Figure 6. Dyeing at pH
5 or above tended to result in higher hygral expansion and
it was at these pH values that the magnitude of the
reduction (due to the incorporation of anti-setting agent)
was greatest. Inclusion of an anti-setting agent is thought
to modify free thiols present in the wool, thus inhibiting
the thiol-disulphide interchange (which in turn leads to
the increase in fabric set usually associated with the
dyeing process) [8]. Figure 7 demonstrates the effect of
anti-setting agent on fabric set. Together Figures 6 and 7
clearly indicate that it was the control of fabric set that did
indeed lead to reduced fabric hygral expansion.

Table 2 Fibre diameter measurements

Diameter (um)
Dyed 6% o.w.i. Blank
Water 20.85 21.29
Paraffin 19.41 18.42
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Figure 6 Influence of anti-setting agent on maximum hygral expan-
sion over dyebath pH range studied
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Figure 7 Influence of anti-setting agent on dyebath-induced set over
a range of pH values (for key see Figure 6)



Figure 8 reports the efficiency of anti-setting agent in
controlling hygral expansion over extended dyeing times.
Incorporation of the anti-setting agent into the dyebath
effectively delayed the onset of fabric setting, with hygral
expansion remaining virtually unchanged for up to 60
min dyeing time. Thereafter a sharp increase in hygral
expansion was observed, analogous to that found during
the initial stages of a standard dyeing,

Figures 9 and 10 show the effect of various dyebath

10
R
=
o
2 8-
<
aQ
&
=
2 6
e
%
=
4 t 1 1 1
0 60 120 180 240

Dyeing time, min

Figure 8 Influence of anti-setting agent on maximum hygral expan-
sion over extended dyeing time (for key see Figure 6}
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Figure 9 Comparison between the effect of dyebath reducing agents
and anti-setting agent on hygral properties of fabric dyed at pH 2.8
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Figure 10 Comparison between the effect of dyebath reducing agents
and anti-setting agent on the hygral properties of fabric dyed at pH 5

reagents on the hygral expansion of fabrics dyed at pH 2.8
and 5 respectively, the presence of Erioclarite B leading to
an increase in dyebath-induced hygral expansion at both
pH levels.

The inclusion of this reagent is thought to artificially
induce thiol-disulphide rearrangement by reduction ot
the disulphide crosslinks, leading to a substantial increase
in set and hygral expansion even at pH 2.8. The increase in
hygral expansion observed at pH 5 was substantially less
than that at the lower pH, once again emphasising the
catalytic action of the free thiol species. However, the
incorporation of Lanalbin B, also a reductive bleaching
agent, had no effect on the hygral properties of the final
dyed fabric. Unlike Erioclarite B, Lanalbin B appeared not
to interact with the disulphide linkages and hence had no
influence on the setting mechanism.

CONCLUSIONS

1. Dyebath pH has an overriding effect on determining
the final hygral properties, with dyeing time having a
lesser influence.

2. A degree of fabric milling, in addition to significantly
reduced thiol/disulphide interchange, could explain
the lower saturation hygral expansion values ob-
served at low pH.

3. The lower hygral expansion observed in fabric
containing dye is not due to a decrease in fabric set but
the result of increased fibre hydrophobicity.

4. The incorporation of an anti-setting agent into the
dyebath can lead to a significant reduction in dyebath-
induced hygral expansion.

5. Careful selection of dyebath additives is essential if
excessive dyebath-induced hygral expansion is to be
avoided. Both Lanalbin B and Erioclarite B have
similar applications in the textile industry, yet only the
latter results in a marked increase in hygral expansion
values of dyed fabric.

This work was carried out at SCOT, Galashiels. The
authors wish to thank the Wool Foundation for funding
this continuing project and Peter Duffield (IWS) for his
advice during the preparation of this paper.
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