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at a temperature of 55°C.

A study of shrinkproofing and dye-assist treatments has been performed using ethanolamine as the
reactive agent and isopropanol/water mixture as the treatment medium. The three variables studied were
percentage of isopropanol in the treatment bath, ethanolamine concentration and temperature. These
were optimised in terms of the shrinkage prevention, dye-assist effect. weight loss and yellowing results
obtained. The best treatment conditions found, conferring both shrink-resistance and dye-assist effect,
together with a controlled level of damage, were 50% isopropanocl/water mixture and 1 mol/l ethanolamine

INTRODUCTION

Amine treatments are known to modify wool and confer a
marked dye-assist effect. This effect has been mainly attrib-
uted to the action of alkali breaking the cystine disuiphide
bond, forming dehydroalanine residues that can react with
the amine in the treatment bath to form B-aminocalanine
derivatives. These new residues are able to interact with
anionic and reactive dyes [1.2].

However, iittle work has been reported on the use of
amines to promote shrink-resistance, even though other
alkaline reagents are known to impart shrinkproofing effects
[3.4]. New alkaline treatments based on dry processes that
promote changes in surface properties, without accompa-

nying whole fibre damage, have been recently developed to
impart a shrinkproofing effect [5.6]. Shrink-resist treat-
ments with sodium sulphite in an isopropanol /water medium
also show a relationship between the leve] of shrinkproofing
obtained and the morphological madification of the cuticu-
lar cell membrane complex and of the orthocortical interma-
crofibrillar material [7.8].

Recently it has been revealed that the intercellular path-
way through which dye diffusion takes place in wool is via the
non-keratinous regions [9,10]. Therefore this study has
concentrated on the shrinkage prevention and dye assist-
ance obtained by amine treatments, using a non-toxic amine
{ethanolamine) and a treatment medium that modifies the
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non-keratinous regions of the fibre (isopropanol/water).

An study of the combined influence of the three variables.
percentage of isopropanol in the treatment medium, eth-
anolamine concentration and temperature, has been carried
out. The purpose was to optimise these varibles in terms of
the main parameters affected by the treatments, i.e. shrink-
age, dyeability, weight loss and yellowing. The study was
carried out according to a central rotatable plan of experi-
ments.

EXPERIMENTAL

Materials

Australian merino 64s tops and fabrics knitted to a cover
factor of 1.28 (tex, mm) were used. Before treatment the
wool was cleaned by Soxhlet extraction with dichloro-
methane, rinsed with ethanol and water, and equilibrated in
a conditioned room (20°C, 60% r.h.).

The chemicals used for the treatments were of laboratory
reagent grade. The reactive dye Procilan Red E-3B (ICI) and
the levelling agent Matexil LC-CWL (ICI} were used in the
low-temperature dyeing process.

The equipment included a Kétterman thermostatically
controlled bath (with shaker} to develop the amine treat-
ments, a Cubex machine to determine the area shrinkage,
a Multi-Mat to carry out the dye test, a Unicam SP 500
spectrometer to measure dye exhaustion and a Zeiss
Elrepho to measure the degree of whiteness. Mathematical
treatment of the results was carried out on a Hewlett-
Packard 85 computer.

METHODS
Amine treatments were all performed for 1 h at a liquor ratio
of 30:1. Values for percentage of isopropano! in the treatment
medium, ethanclamine concentration and temperature were
established in accordance with a central rotatable plan of
experiments for the three variables. Full information on this
type of design is available elsewhere [11]. The range of
values (0-100% isopropanol; 0.25-1.25 mol/1 eth-
anolamine; 50-603°C) were chosen after consideration of
the results of previous more general studies. Table 1 shows
the experimental conditions of the 20 treatments covered by
the central rotatable plan.

The regression equation for parameter y corresponds to
a second-degree polynominal (Eqn 1):

y = bg +b1X1 +b2X2 +b3X3 +b11X12+b22X22+

b33X32+b12X1X2 +b13X2X3 +b23X2X3 (1)

where by, by, etc. are constants and x;, x; and x3 are var-
iables, i.e. isopropancl in the medium (%), ethanolamine
concentration (mol/]) and temperature (°C) respectively.
Area shrinkage, dye exhaustion, weight loss and degree
of whiteness were determined on treated wool. The area
shrinkage determinations were carried out according to WS
test method 185. Dye exhaustion, expressed as the percent-
age of the dye exhausted on the wool samples, was deter-
mined after carrying out dyeing at constant temperature for
1 h. The wool fabric was immersed in a liquor containing
ammonium sulphate (3% o.w.f.) Matexil LC-CWL (1.5%
o.w.f.) at 60°C (liquor ratio 40:1). After 10 min the pH was
adjusted to 5.5 with acetic acid, the dye (1% o.w.f.) added
and the liquor maintained for 1 hat 60°C. The dyed samples
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were then rinsed in water and dried. The exhaustion of the
bath was followed by measurement of the absorbance at 540
nm of aliquots from the liquor (1 ml diluted to 10 ml) at
regular intervals.

The degree of whiteness degree of wool samples was
determined by using Eqn 2:

W= (C2 1100 -R?p!"? (2)

where C is the colouring factor (difference between the re-
flectances at 650 and 420 nm) and K is the average of the
reflectances at 420, 450, 500, 550, 600 and 650 nm [12].
The higher the degree of whiteness, the less white is the
wool.

RESULTS AND DISCUSSION

Table 1 shows the experimentally determined values of the
parameters for the amine-treated wool fabrics under the
treatment conditions quoted. From these data. the four
regression equations with the multiple correlation coeffi-
cients (r) and the significance level of the regression (F-ratio)
were calculated for the four responses studied. These results
together, with the surface countours for each at the temper-
atures 52, 55 and 58°C, are plotted in Figures 1-4. The level
of significance of the regression is 1% in all cases.

Area shrinkage

The minimum area shrinkage values have been obtained for
each temperature surface when the aqueous treatment bath
contained approximately 50% isopropanol. Small differ-
ences in the polarity of the treatment media clearly had
considerable influence (Figure 1). The ethanolamine con-
centration was also related to shrinkage prevention in such
a way that the values of area shrinkage decrease up to
concentrations of 1 mol/1, above which area shrinkage was
stabilised.

The most striking result, however, was the influence of
the temperature on these treatment. A small rise in temper-
ature of 3 degC strongly decreased area shrinkage, the
difference being more pronounced from 52 to 55°C than
from 55 to 58°C.

Similar results were obtained with the use of sodium
sulphite in 1:1 isopropancl/water mixture where small
differences in temperature also played a fundamental role in
shrinkage prevention [4]. The importance of this treatment
medium in solubilising some lipids of the cell membrane
complex (CMC), permitting a reactive agent such as sodium
sulphite to act on the regions of the fibres that are respon-
sible for the shrinkage of the wool, has been reported
[7.8.13).

In this case, we think that the proportion of isopropanol
and the temperature were also the two conditions responsi-
ble for the high solubilisation of the lipids, which in turn
facilitated the action of the amine on the fibre. However,
more work to study the solubilised material in the treatment
bath and the modification of the treated fibre needs to be
carried out to explain these results fully.

Dye exhaustion

In contrast with the results from the area shrinkage tests,
there was no single optimum value for percentage exhaus-
tion for the reactive dye studied, when the amine treatment
was carried out with 50% isopropanol in the treatment
medium (Figure 2). The dye exhaustion increased together



TABLE 1

Variable experimental conditons of the treatments and results of the parameters studied
on each treated wool fabric

Isopropanol  Ethanolamine Temp. Area Dye Weight Degree of
Treatment (%) concn {mol/l) (%) shrinkage (%) exhaustion (") loss(%)  whiteness
1 29.73 0.453 52 54.6 17.01 -1.13 47.25
2 70.27 0.453 52 54.3 16.83 -1.37 46.92
3 29.73 1.047 52 38.3 42.22 -0.57 49.50
4 70.27 1.047 52 42.6 28.89 -0.71 48.41
5 29.73 0.453 58 43.7 58.43 282 46 .98
6 70.27 0.453 58 50.0 31.79 1.36 46.19
7 29.73 1.047 58 305 78.51 2.38 47.27
8 70.27 1.047 58 36.8 44 29 1.32 46.85
S 100 0.750 55 51.6 14.45 0.88 44 68
10 0 0.750 55 49.1 54.91 0.52 47.90
11 50 0.250 55 49.0 24.04 2.06 46.56
i2 50 1.250 55 215 60.46 2.31 48.75
13 50 0.750 50 483 31.86 -0.83 46.95
14 50 0.750 60 21.3 75.43 2.48 45.80
15 50 0.750 55 28.8 57.56 2.06 48.87
16 50 0.750 55 36.6 25.34 1.84 48.77
17 50 0.750 55 32.2 42.20 2.05 48.91
18 50 0.750 55 33.5 48.92 2.49 48.80
19 50 0.750 55 31.3 4351 1.74 48.83
20 50 0.750 55 248 43.50 1.75 4893
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Figure 1 —Isotherm surfaces of areq shrinkage after 3 h Cubex

Figure 2 —Isotherm surfaces of dye exhaustion test obtained by
test obtained by applying Eqn 1 with constants shown

applying Eqn 1 with constants shown
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Figure 3 — Isotherm surfaces of weight foss tests obtained by
applying Eqn 1 with constants shown

with the percentage of isopropanol in the medium at low
concentrations of ethanolamine and low temperatures.
However. exhaustion decreased with the percentage of
isopropanol at high amine concentrations and treatment
temperature. Therefore it is evident that there was little
correlation between the percentage of isopropanol in the
amine treatment medium and the amount of dye exhaustion
in the low-temperature dyeing process studied. This implies
that the mechanism of action of the amine tc develop a dye-
assist effect on wool must be different to that previously
proposed to confer shrinkproofing of the fibre.

On the other hand, increasing both the ethanolamine
concentration and the temperature clearly improved dye
exhaustion. the most pronounced difference being in the
water-rich medium. [t seems that the presence of the organic
polar solvent in the amine treatment was not necessary to
improve the dyeability of wool. The previously established
mechanism [1,2] that explains the increase of the uptake of
reactive dyes on wool attributable to f-aminoalanine deriv-
atives appears not to be related to the treatment medium
studied in the present work.

Weight loss

The variation of weight loss as a function of the three
variables studied is shown in Figure 3. The percentage of
isopropanol in the treatment medium had a considerable
influence on the weight loss of the wool samples, independ-
ent of ethanolarmine concentration. A maximum weight loss
was achieved on the three isotherm surfaces when the
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Figure 4 — Isotherm surfaces of degree of whiteness tests
obtained by applying Eqn 1 with constants shown

proportion of isopropanol in the treatment medium was
slightly under 50%.

The differences in ethanolamine concentration caused
only small variations on the weight loss, becoming less
significant at high temperatures. At all temperatures, but
especially at 58°C, an increase in ethanolamine concentra-
tion did not result in higher weight loss, as might have been
expected. However, the temperature of treatment seems to
have been the condition that most affected the weight loss
of wool. particularly at low proportions of isopropanolin the
treatment medium.

The importance of the proportion of isopropanol present
and the treatment temperature is evidenced by the high
percentage of solubilised material found when shrinkage
treatments are carried out with sodium sulphite at constant
proportions of isopropanol in the bath [7.13]. The main
compounds extracted from the wool fibres were high gly-
cine-tyrosine proteins that could be related with the shrinkage
mechanism of wool.

Degree of whiteness

The results from the determinations of degree of whiteness
are plotted in Figure 4, showing that, as with weight loss, the
percentage of isopropanol in the treatment medium has a
significant influence on whiteness: a maximum value was
obtained at an isopropanol level slightly higher than 50%. As
the value of degree of whiteness of the untreated sample was
45.45, the higher values obtained indicate that a yellowing
effect was produced on the treated samples. However,



contrary to the behaviour observed in the weight loss
experiments. there was a close relationship between the
concentration of ethanolamine and vellowing effect. As
expected. more yellowing was obtained when the ethanol-
amine concentration increased.

On the other hand. in the temperature interval studied the
variation of degree of whitenesss was not found tc be very
significant: the two surfaces at 52 and 55°C were practically
superimposable while the surface at 58°C was lower at high
ethanolamine concentrations. This implies that at high
temperatures the yellowing effect was lower.

CONCLUSIONS

The optimum treatment conditions with ethanolamine give
the best shrinkproofing and dye-assist effects but the highest
values of weight loss and degree of whiteness. However. it
Is important to point out that the maximum level of weight
loss (3%0) and degree of whiteness (49) found can be
considered as acceptable,

Therefore from all these results it can be concluded that
50% isopropanol in the treatment medium gives minimum
shrink resistance and a considerable dye-assist effect. The
amine concentration of 1 mol/l is enough to give shrink
resistance, and although it does not significantly affect
weight loss, it does influence vellowing of the wool. Increase
treatment temperature from 52 to 55°C improves both
shrink resistance and dye-assist effect. even though the
weight loss also increased.,

Analyses of the solubilised material are now being carried
out to achieve a better understanding of these treatments
and the mechanism of wool shrinkage [14).
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