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The effect of dyeing at elevated temperature on wool fabric strength is investigated. A range of fibre
protective agents are evaluated and the formation of dehydroalanine examined.

INTRODUCTION

Wool is usually dyed at the boil, although processes have
been developed to dye wool at temperatures between 80
and 90°C to minimise fibre damage. The subject of dyeing
wool has been well reviewed by Lewis, who highlighted
the importance of dyeing wool in the pH 3-5 region to
limit damage [1,2].

Polyester is usually dyed at 130-135°C, Therefere dye-
ing of wool/polyester blends obviously presents difficul-
ties as severe damage to the wool occurs at these elevated
temperatures. Incorporation of carriers into the dyebath
allows the disperse dye to be taken up by the polyester at
lower temperatures. However, the range of the disperse
dyes performing adequately under these conditions is re-
stricted. The carriers themselves may also be toxic and so it
would be beneficial to dye at 130°C provided the strength
of the wool is maintained.

To allow dyeing at 110-120°C fibre protective agents can
be incorporated into the dyebath, e.g. lrgasol HTW (CGY)
(NN’-dihydroxymethylethylene urea, DMEU) or colour-
less reactive agents [3-5]. Compounds with activated
double bonds have also been proposed as fibre protective
agents for wool at 120°C [6].

In this study dyeing of wool primarily at 130°C is inves-
tigated and the effect of fibre protective agents evaluated.

EXPERIMENTAL

All studies were performed on a 100% wool botany serge
(190 g/m?) supplied by Whaleys. Dyeings were carried out
using Jetfries Rotadyer laboratory dyeing equipment. The
fabrics were either dyed with a Sandolan (S) dye or blank
dyed in an aqueous solution containing 1 g/l sodium
acetate and 1 g/l Lissapol N (ICI). The dyebath was ad-
justed to pH 4 with acetic acid and the liquor ratio was
10:1. The fabrics were introduced at 50°C raised to 120 or
130°C over 40 min and maintained at the required tem-
perature for a specified time. The fabrics were then rinsed
in water and air dried.

Potential fibre protective agents were incorporated into
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the dyebaths at specified concentrations. The effect of the
fibre protective agents was evaluated by measuring the
tear strength (Elmendorf method, average of five meas-
urements) and the wet burst strength (average of five
measurements) of the fabrics after wetting to 100% wet
pick-up.

RESULTS AND DISCUSSION

Dyeing wool at the boil in the pH range 1.8-3.0 results in
fibre damage due to mainly amide bond hydrolysis, while
dyeing above pH 3 the damage is associated with
disulphide bond hydrolysis [1]. Lewis has reported that
dyeing of wool at 120°C results in considerable damage,
with strength loss being greater at pH 2 than at pH 4 [4].

A 100% wool fabric was used in this study in order to
evaluate the effect of the fibre protective agents, and the
aqueous treatments of wool study were restricted to those
at pH 4 as this was more representative of commercial
wool/polyester dyeing. Aqueous treatment of wool at
120°C resulted in losses in wet burst strength and tear
strength (Table 1).

The addition of potassium bromate or sodium hydro-
gen maleate to the dyebaths improved the strength reten-
tion of the wool fabric. Under the conditions examined
both agents gave good protection over 1 h, while the
bromate appears to be better over 2 h. Both protective
agents function by interrupting the thiol-disulphide inter-
change.

The maleate-treated fabric was similar in colour to the
control, while the bromate-treated fabric was light brown.
Treatment with cold aqueous sodium hydrosulphite (1 g/)
reduced the brown colour to yellow.

Dyeing at 130°C produced even larger strength losses,
with the fabric handle becoming stiff and harsh (Table 2).
Liechti [3] and Lewis [4] have concluded that wet burst
strength is the most sensitive test for evaluating strength
loss due to dyeing. However, at 130°C the wet burst
strength measurements did not correlate adequately with
the fabric’s mechanical properties. Rather the tear strength
measurements appeared to reflect the fabric’s mechanical
properties, in particular the enhanced protection of the
potassium bromate.
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Table 1 Effect of dyeing at 120°C on mechanical propetties of wool fabric at various
dyeing times (untreated fabric 100% strength)

Wet burst
strength (%) at Tear strength (%) at
Agent
conen
Agent {(%owf) th 2h 1h 2h
Blank 55 36 53 26
Sodium hydrogen maleate 2 64 46 71 38
Sodium hydrogen maleate 3 62 46 73 37
Potassium bromate 2 64 64 80 47
Potassium bromate 3 67 64 74 61

Table 2 Effect of dyeing at 130°C on mechanical properties of wool fabric at various
dyeing times (untreated fabric 100% strength)

Wet burst
strength (%) at  Tear strength (%) at

Agent

conecn
Agent (Yoowf}) 05h 1h 0.5h 1h
Blank 46 55 18 13
Sodium hydrogen maleate 3 44 46
Sodium hydrogen maleate 4 38 47 24 14
Sodium hydrogen maleate 8 48 46 35 11
Irgasol HTW 5 46 46 37 22
Lanasol Yellow 4G 5 31
Remazol Black B 5 45 46 36 20
Potassium bromate 2 58 64 56 17
Potassium bromate 3 64 46 64 34
Potassium bromate 4 64 50 66 47
Potassium bromate 4 17 glel
Potassium bromate 5 64 55 63 44
Potassium bromate 5 311 7iel
Hydrogen peroxide {30%)® 10 26 12
(a) 1g//EDTA, (b} 1.5hdyeing, (c) 2hdyeing

Irgasol HTW, Lanasol Yellow 4G (CGY, CI Reactive Yel-
low 39) and Remazol Black B (HOE, CI Reactive Black 5)
all gave some protection to the wool dyed at 130°C but the
damage was still substantial. Irgasol HTW functions by re-
leasing formaldehyde slowly at high temperature which
then introduces new crosslinks into the wool by reacting
with lysine, cysteine, tyrosine and tryptophan [7]. Reac-
tive dyes, such as Lanasol Yellow 4G and Remazol Black B,
are reported to protect wool during dyeing by reacting
with thiol compounds and hence interfering with the
thiol-disulphide interchange reaction [1]. Sodium hydro-
gen maleate offered similar levels of protection as Irgasol
HTW and Remazol Black B over 0.5 h at 130°C but the
handle of the wool was far stiffer than with comparable
bromate-treated fabrics.

The handle of the bromate-protected fabrics was re-
markably good, but as the dyeing time was increased the
protective effect decreased, with the bromate being con-
sumed. Again the bromate caused discoloration of the
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wool, but unlike at 120°C the brown discoloration could
not be removed by sodium hydrosulphite.

Other oxidants evaluated as fibre protective agents
were hydrogen peroxide, potassium iodate and
monoperoxyphthalic acid. However, none offered signifi-
cant protection, and the hydrogen peroxide coloured the
wool reddish-brown.

To reduce the discoloration attributable to potassium
bromate, other agents were applied in combination with
the bromate. The most effective at 130°C was 2% potas-
sium bromate/2% sodium hydrogen maleate, which main-
tained the strength but reduced the brown discoloration
considerably (Table 3). In the presence of dye the bromate/
maleate combination still, however, caused significant dif-
ferences in the colour of the dyed fabrics when compared
with wool dyed in the presence of 5% o.w.f. Irgasol HTW
(Table 4). Even at the highest dye concentration the colour
difference was stilt evident.

Reflectance FTIR coupled with secondary derivative



Table 3 Effect of fibre protective agents on mechanical properties of
wool fabric dyed at for 0.5 h at 130°C (untreated fabric 100% strength)

Agent Tear

concn strength
Agent (%o 0.wW.f) (%)
Blank 18
Potassium bromate 2 58
Sodium hydrogen maleate 2 23
Potassium bromate/sodium hydrogen maleate  2/2 62
Potassium bromate/sodium hydrogen maleate  1/2 32

Table 4 Effect of potassiurn bromate/sedium hydrogen
maleate combination on the colour of fabric dyed at
130°C with selected Sandolan dyes

Dye

concn

(o.w.f) AE®
Sandolan Golden Yellow MF-RL 0.1 5.0

1.0 2.4

3.0 2.6
Sandolan Blue MG-GL 0.1 9.2

1.0 35

3.0 2.9
Sandolan Red¢ MF-28L 0.1 6.6

1.0 51

3.0 3.8

(a) Colour difference measured between woot dyed with 2%
o.w.f. SHM and 2% o.w.f. potassium bromate and wool dyed
in the presence of 5% o.w.f. Irgasol HTW

analysis allowed the effect of chemical treatments on wool
oxidised cystine species and dehydroalanine to be ana-
lysed [8]. Dyeing wool at 100 and 130°C for 0.5 and 1 h re-

spectively produced a three-fold increase in the
dehydroalanine signal (873 cm™1). Wool similarly treated at
130°C in the presence of potassium bromate (4% o.w.f.)
showed a three-fold increase in the dehydroalanine signal
and a two-fold increase in cysteic acid (1044 cm™).

CONCLUSION

Dyeing wool at 130°C produced greater strength losses
than those observed at 120°C. The damage caused by dye-
ing at 130°C was assessed more accurately using the
Flmendorf tear strength than wet burst strength measure-
ments. The inclusion of either Irgasol HTW, Remazol Black
B, Lanasol Yellow 4G, sodium hydrogen maleate or potas-
sium bromate in the dyebath reduced fibre damage. How-
ever, potassium bromate offered the best protection under
the conditions evaluated, but discoloration of the wool oc-
curred.
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