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differences in the colour of the dyed wool.

If permanent setting of the wool fibre, which occurs during dyeing, can be restricted, the impairment of
physical properties is reduced. This can be achieved by adding an oxidising agent, such as potassium
bromate or hydrogen peroxide, to the dyebath. Oxidising agents also restrict the extent to which hygral
expansion increases as a result of piece dyeing. When used in the presence of dyes, oxidants may cause

INTRODUCTION

During wool dyeing, chemical degradation of the fibre
occurs {1], and this can adversely affect subsequent process-
ing. Wool damage during stock dyeing can increase fibre
breakage in carding, and damage taking place during yarn
dyeing reduces yarn strength and elongation, both of which
can adversely affect the weavability of the yarn. Dyeing
damage at any stage will impair the tear strength, bursting
strength and abrasion resistance of fabric made from the
dyed wool [1]. With the current trend towards lighter fabrics,
any impairment of the physical properties of wool as a result
of dyeing will increase processing or fabric performance
problems,

Damage is due mainly to the cleavage of amide bonds
when dyeing is carried out in the pH range 1.8-3.0, whereas
at higher pH values damage is increasingly associated with
disulphide bond hydrolysis [1]. If wool is dyed at the isoelec-
tric point (pH 4.5-5.2), the levels of damage sustained are
minimised [1,2], but are still significant when compared with
those of undyed wool. More serious damage is likely to occur
at pH values outside the isoelectric range and at tempera-
tures above the boil. This presents a problem for the wool
portion of wool/polyester blends, because temperatures as
high as 120°C {(at pH 4.5-6.0) may be required for the
uptake of disperse dye by the polyester [3]. Although
formaldehyde (and formaldehyde-release reagents) have
significant protective effects when wool is dyed above the
boil, they have little effect on wool damage when included in
dyeings performed at temperatures up to 100°C [2,4].

Previous studies have established that the addition of
hydrogen peroxide (or sodium perborate to generate hydro-
gen peroxide) to a dyebath restricts the level of permanent
set for dyeings at the boil [5-7]. In this paper, the use of
oxidants to restrict the impairment of tear strength, wet
burst strength and flex abrasion of wool fabric as a result of
dyeing is examined. Wet burst strength has been used in
previous studies to assess fibre damage during dyeing [1.4];
by testing in the wet state, the stabilising effect of hydrogen
bonding is not present [8]. Flex abrasion has been used by

garment manufacturers to predict problems of crotch abra-
sion in men’'s trousers.

The effect of oxidant in restricting the magnitude of the
hygral expansion of piece-dyed fabric is also detailed. Hygral
expansion values in excess of 5-6% in either the warp or the
weft direction can lead to appearance problems in structured
pure wool garments at high relative humidities [9]. The
extent to which hygral expansicn increases as a result of
piece dyeing is related to the structure of the fabric, and the
dyeing conditions used [10]; values in excess of 6% are often
obtained {11].

EXPERIMENTAL

Fabrics

Initial studies to examine the effectiveness of different
oxidising agents in restricting the level of permanent set
were carried out on a finished, plain-weave, pure wool fabric
of 160 g/m?. The same fabric was also used to assess the
effect of potassium bromate on the colour of dyed fabric.
In all other experiments, a 2/1 twill gabardine fabric of 200
g/m? (as described previously [9,12]) was used.

Effect of different oxidising agents in restricting
permanent set

Dyeings were carried out in an Ahiba Turbomat laboratory
dyeing machine at pH 4.5 for 90 min at 100°C and a liquor
ratio of 20:1, in the presence of 1 g/1 oxidising agent.

Blank dyeings with potassium bromate
The dyebath was set at 40°C with 1% Lyogen MF (S), 5%
Glauber's salt and adjusted to pH 4.5 with acetic acid. The
appropriate quantity of potassium bromate (0.2, 0.4, 0.7,
1.0 or 2.0 g/l) was added to the dyebath with the auxiliaries.
Control dyeings were carried out in the absence of any
oxidising agent. After running for 20 min, the pH was
readjusted to 4.5, and the dyebath was raised to the boil at
1 degC/min, and held at this temperature for 90 min.
Further dyeings were carried out with 0.3 g/l potassium

JSDC Volume 107 April 1991 135




bromate for 2 h at the boil at pH 3.0 (sulphuric acid), pH 4.5
(acetic acid) and pH 6.0 (acetic acid).

Comparison between potassium bromate and
hydrogen peroxide at pH 6.0

Dyeings were carried out at 100°C for 2hat pH 6.0 in the
presence of 0.5% Lanasyn Green 5GL 200% (S, CI Acid
Green 80). Potassium bromate and hydrogen peroxide were
used at levels of 0.3 g/1and 1.0 g/1{50% by wt) respectively.

Effect of potassium brumate on colour of dyed fabric
Dyeings were carried out with 0.5 g/1 potassium bromate at
pH 4.5 for 90 min at 100°C using selected Sandolan MF (5)
and Lanaset (CGY) dyes (according to the recommended
procedures) at levels of 0.05% and 0.5%. Following drying
and conditioning, fabric samples were pressed and recon-
ditioned. Colour measurements were carried out on a
Spectrogard Color System (Pacific Scientific) using the 10°
observer with standard illuminant Dgg. Colour differences
(AE) were determined from the CIE 1976 (L*a*b*) colour-
difference formula.

Measurement of permanent set

The levels of permanent set induced by the dyeing opera-
tions were measured, according to the method of crease
angles, on yarn snippets removed from creased fabric that
had been attached to the main body of fabric during dyeing
[5,13]. Measurements were made on the wet snippets after
release in water for 30 min at 70°C. The level of permanent
set is given by Eqn 1:

180-6
T 180

x 100 (1)

where P is permanent set, expressed as a percentage and 8
is the average angle between the arms of the snippets.

Measurement of fabric properties

Following dyeing, excess water was removed from the
fabrics by gentle patting with a towel. The fabrics were then
laid {lat on a bench top to air dry for 24 h, heated in an oven
at 106°C for 2 h and conditioned at 656% r.h. (20°C) for 24
h: the drying operation had no effect on the level of
permanent set.

Tear strength (average result from five samples) was
measured by the Elmendorf method (ballistic test). Flex
abrasion (five samples) was measured by the Stoll method.
Wet burst strength (five samples) was measured using a
Mullen tester on fabric which had been padded to 80% pick-
up with water. Hygral expansion (in the warp direction,
duplicate samples) was determined by first relaxing the fabric
in water for 2 h at 35°C, and the wet length was measured
with the fabric still under water. The fabric was then dried as
described above and the dry length measured. Hygral ex-
pansion, expressed as a percentage, was calculated according
to Egn 2:

_Ld

x 100 2
I (2)

Hyagral expansion =

where L, is the wet length and L, is the dry length.
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RESULTS AND DISCUSSION

Effect of oxidising agent on permanent set
Permanent setting of weol takes place through rearrange-
ment of the disulphide bends, a reaction which requires the
presence of deprotonated thiol groups {thiolate anions)
{Scheme 1). The level of permanent setting increases with
dyeing time, temperature and pH [14]. The thiol/disulphide
interchange reaction is restricted by oxidising the thiol
groups.

84S + -S¢ —=—

-8, + Sp-S¢-

Scheme 1

The effects of different oxidising agents on permanent
setting for blank dyeings carried out at pH 4.5 for 90 min at
the boil with 1 g/1 of reagent are given in Table 1. Signifi-
cantly lower levels of set were not observed at concentra-
tions in excess of 1 g/1. Potassium bromate was found to be
the most effective oxidant in restricting set, and further work
was carried out with this product.

The variation of set with concentration of potassium
bromate for blank dyeings at pH 4.5 (90 min at 100°C) are
shown in Figure 1. The extent of permanent set levels off at
about 25% for reagent concentrations greater than 1 g/1. If
the level of permanent set sustained during a dyeing oper-

TABLE 1

Effects of oxidants on permanent set for blank
dyeings carried out in the presence of 1 g/1 oxidant at
pH 4.5 for 90 min at 100°C

Oxidant Permanent set (%0)
Control (no oxidant) 68
Ammonium persulphate 45
Sodium hypochlerite 58
Oxone (Dupont, a monopersulphate derivative) 49
Potassium persulphate 44
Hydrogen peroxide (50% by wt) 42
Potassium bromate 26
Benzoy! peroxide 47
t-Butyl hydroperoxide 63

Permanent set, %

3 1 1 1 1 1 | 1 1

02 04 06 08 1.0 12 14 16 18 20
Potassium bromate, g/l

Figure 1 - Relationship between permanent set and

concentration of potassium bromate for dyeings at pH 4.5 for
90 min at 100°C



ation can be restricted to about 35%. the impairment of
fabric hygral expansion [14] and yarn bulk is minimal. As
indicated in Figure 1, this level of set occurs with about 0.3
a/1 oxidising agent under the dyeing conditions used.

Effects of oxidising agent on physical and
dimensional properties

The levels of set, together with the wet burst strengths, tear
strengths, abrasion resistance and hygral expansion values
for dyeings performed at pH 3.0, 4.5 and 6.0 (in the
presence (0.3 g/1) and absence of potassium bromate) are
given in Table 2. Reductions in the levels of set are accom-
panied by significant improvements in wet burst strength,
tear strength and abrasion resistance, and lower hygral
expansion values at pH 3.0 and 4 5. The effect on set is less
pronounced at pH 6.0, but significant improvements in the
fabric physical properties are still observed. However, the
level of set with potassium bromate at pH 6.0 is too high to
prevent an unacceptable increase in the level of hygral
expansion.

TABLE 2

Effects of potassium bromate on fabric properties for
blank dyeings for 2 h at 100°C

Potassium Wet
bromate burst Tear  Abrasion  Hygral
Dyeing concn  Set strength strength resistance expansion
pH (g/) (%)  (kPa) {a} (cycles)  {warp, %)
3.0 0 55 356 2677 2256 8.76
3.0 0.3 22 375 2933 2707 568
4.5 0 67 348 2272 2705 104
4.5 0.3 35 383 2667 3487 5.85
6.0 0 75 349 2069 2767 11.5
6.0 0.3 61 373 2389 3124 8.34

Although potassium bromate is more effective than hy-
drogen peroxide in restricting set at pH 4.5, hydrogen
peroxide (1 g/1, 50% by wt) is more effective than bromate
(0.3 g/1) at pH 6.0, as shown in Table 3 for dyeings with
Lanasyn Green 5GL 200%. (The concentrations of the
oxidants were selected on the basis of their comparable
effectiveness in restricting set at pH 4.5 {see Table 1 and
Figure 1).) At the conclusion of the dyeing with peroxide at
pH 6.0, a significant drop in dyebath pH was observed (to
about 5.3). This may be due to the formation of oxides of
cystine, which are strongly acidic [15], but would only partly
explain the lower set level in comparison with the dyeing
with bromate. No significant changes in dyebath pH at the
end of the dyeings were observed in the presence of
peroxide at pH 3.0 and 4.5, nor of bromate at pH 3.0, 4.5
and 6.0. The low set value at pH 6.0 with peroxide is
reflected mainly in the low hygral expansion value. The
fabric physical properties for dyeings with both oxidants
were similar, and were superior to those obtained in the
absence of oxidant.

Wool fibres may be in strained configurations that are
stabilised by hydrogen bonding prior to dyeing. For exam-
ple, the fibres in a yarn will have a helical configuration due

TABLE 3

Effects of potassium bromate and hydrogen peroxide
on fabric properties for dyeings with 0.5% Lanasyn
Green 5GL 200% for 2 h at 100°C (pH 6.0)

Wet
burst Tear Abrasion Hygral
Set  strength  strength resistance expansion

Oxidant (%) (kPa) (a) {cycles) (warp, %)
None 70 352 2240 2693 10.9
Bromate® 63 379 2315 3284 7.96
Peroxide® 40 386 2443 3149 6.36
{a) 0.3 g/l

b} 1.0 g/ (50% by wit)

to the yarn twist, whilst weave crimp will be superimposed
onto the yarns in a fabric. Thiol/disulphide interchange,
which occurs during dyeing. leads to the replacement of
strained cross-links by those in a more uniform, unstrained
state within the curved fibre. Huson {16] has attempted to
explain how the physical properties of wool in a varn or
fabric are preserved by inhibiting the development of perma-
nent set. He has suggested that the bonds on the inside of
the permanently set, curved fibres become load-bearing
before those on the outside during tensile testing, causing
the former bonds to fail prematurely.

Permanent setting of the weave crimp into the yarn in a
fabric during piece dyeing is responsible for the increases in

TABLE 4

Effects of potassium bromate (0.5 g/1) on the colour
of fabric dyed with selected Sandolan MF (S) and
Lanaset (CGY) dyes

Concn Colour
Dye % o.w.f) difference (AE™)

Nene 2.2
Sandolan

Golden Yellow MF-RL 0.05 1.9
Golden Yellow MF-RL 0.5 1.5
Red MF-2BL 0.05 32
Red MF-2BL 0.5 2.1
Blue MF-GL 0.05 2.0
Blue MF-GL 05 1.1
Blue MF-BLN 0.05 1.8
Blue MF-BLN 0.5 1.8
Lanaset

Yellow 2R 0.05 1.3
Yellow 2R 0.5 4.4
Red G 0.05 1.6
Red G 0.5 1.3
Blue 2R 0.05 2.6
Blue 2R 0.5 28
Grey G 0.05 3.1
Grey G 0.5 0.9
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hygral expansion that occur (5,1 2]. In an undyed fabric the
inter-yarn forces at saturation are relatively high due to the
bending strains in the yarns. As the level of permanent
setting to which a fabric is subjected increases, the inter-yarn
forces at saturation are reduced, and the fabric contraction
that occurs on drying is increased. Restricting the level of set
using oxidising agents reduces the extent of any increase in
hygral expansion.

In the presence of dye potassium bromate can cause a sig-
nificant difference in the colour of the dyed fibre, as shown
in Table 4 for dyes from the Sandolan MF (S) and Lanaset
(CGY) ranges. This behaviour is to be expected because of
the fabric yellowing that occurs with the oxidant. Oxidation
of the dye may also occur. Colour changes have also been
observed for dyeings with other oxidants, and work is
continuing to develop procedures to minimise this problem.

CONCLUSIONS

The inclusion of small quantities of oxidising agent ina wool
dyebath restricts the extent to which the fibres become
permanently set. This helps to preserve the physical prop-
erties of the wool, and indicates that hydrolysis of the
disulphide groups is not the only cause of impairment of
physical properties. Restricting the level of set also reduces
the tendency for hygral expansion to develop in fabrics.

We are grateful to Michelina Del Giudice, James Brom-
bergs and Irene Slota for their competent assistance.
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