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The nature of a combined cationic surfactant/sodium
sulphite reductive treatment which prevents felting
shrinkage in knitted wool fabrics has been investigated.
Very good shrink resistance has been observed for those
samples treated simultaneously with reducing agent and
the cationic surfactant. A reasonable correlation was
found between surfactant sorption and area shrinkage.
Other parameters which affect surfactant sorption include
bath pH, temperature, treatment time and the amount of
cysteine produced during treatment.

INTRODUCTION
The reaction of keratin fibres with sodium bisulphite in the
pH range 3-6 has been widely investigated, with special

*This paper was presented in Copenhagen at the June 1983 meeting of the
Technical Committee of the IWTO, which recommended its publication.
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attention being paid to the quantitative and qualitative
aspects of the rupture of cystine disuiphide bonds, which
leads to both chemical and physical maodifications of the
fibre [1-7]. At higher pH values the equilibrium of the reac-
tion tends to favour the re-formation of the disulphide
bonds, but comparatively littie work has been performed
on reactions under these conditions. However, treatments
with solutions of sodium sulphite or monoethanolamine
sulphite are used [8] in industrial conditions to impart setto
wocel garments and fabrics.

The effectiveness of a sodium sulphite treatment in an
isopropanol/water medium, both inthe presence andinthe
absence of a cationic surfactant, on reducing shrinkage of
wool fabrics has recently been reported by us [9]. Aithough
the rupture of disulphide bonds by such a treatment
appears to be somehow implicated in the production of
shrinkproofing effects, the exact nature of the chemical
changes promoting shrinkproofing still remains unknown.

In this paper the effect of sodium sulphite in an aqueous
medium containing a cationic surfactant on preventing
shrinkage of knitted wool fabrics has been investigated.
The amount of cationic surfactant sorbed by wool during
the treatment (both on the surface and into the fibre), the




cysteine content after treatment, the effect of the surfactant
content in the bath and the degree of shrink resistance
conferred to the wool fabrics were determined.

EXPERIMENTAL
Materials

Knitted Fabric

A fabric knitted to a cover factor of 12.6 from R72-tex/2
botany wool yarns supplied by IWS (likiey) was used. Wool
fabrics were cleaned by Soxhlet extraction with ether,
rinsed with ethanol and water, and allowed to dry at room
temperature.

Surfactant
N-Cetyl-V, N N-trimethylammonium bromide (HTAB) was
used, a high-purity specimen abtained from Merck.

Chemicals
All chemicals used were laboratory-reagent grade and, if
necessary, were distilled before use.

Methods

Treatments

The cationic surfactant and sodium sulphite were dissolved
in distilled water at the desired temperature. If isopropanol
was present, the cationic surfactant was dissolved
beforehand to avoid insolubility problems.

Wool samples were immersed in the solution and the
flask placed into an oscillating thermostat for a given period
of time; the bath ratic was 30:1 (vol./wt) in all cases.

After the treatment the samples were given two 1 min
rinses in distilled water and squeezed; then they were
rinsed in acetic acid (0.01 M} for 1 min, squeezed and again
twice rinsed in distilled water. Finally they were allowed to
dry in air. When cysteine, alkali solubility or surfactant
sorption had to be estimated, the samples were dried under
vacuum.

Determination of Amount of Total Surfactant Sorbed by the
Fibre

The amount of surfactant sorbed, both in the whole wool
fibre and on its surface, was estimated according to the
method described by De Boos [10].

Cysteine Determination

The thiol groups were estimated according to the pro-
cedure described by Meichelbeck [ 11]. The results for cys-
teine content given in this paper correspond, therefore, not
only to the cysteine residues formed during the treatment,
but also to the thiol groups resulting from the hydrolysis of
the S-sulphenate groups.

Alkali Solubility
This was estimated by the IWTO method 21-29 (F).

Shrinkage Testing
Fabric samples were tested according to IWS method
TM 185.

RESULTS AND DISCUSSION

Action of Cationic Surfactant on Shrink-resist Treatments
in Aqueous and Alcoholic Media

The shrink resistance obtained by treating wool with
sodium sulphite at 55°C in various isopropanol/water mix-
tures was investigated. Maximum resistance was found to
occur when equal amounts of alcohol and water were pres-
ent. However, if a cationic surfactant was also present in the

treatment bath the shrinkage obtained under the same
conditions of treatment decreased. This effect was particu-
larly noticeable at low concentrations of isopropanol in the
bath [9].

In order to understand the nature of the contribution of
the cationic surfactant (1% wt/val.} in decreasing the area
shrinkage, wool was treated with sodium suiphite (1.5%
wt/vol.} at 55°C for 1h at different isopropanol/water
ratios. The total amount of HTAB sorbed and the alkali
solubility of the wool samples after treatment were esti-
mated.

The area shrinkage values obtained after a 3 h Cubex test
are shown in Figure 1. Shrinkage values corresponding to
similar treatments without surfactant present in the bath
are aiso shown. The figures in brackets correspond to the
percentage alkali solubility of the fibre.
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Figure 1 — Area shrinkage and amount of HTAB sorbed on
wool after a reductive treatment, as a function of iso-
propanol concentration in the bath

it can be seen in Figure 1 that the area shrinkage values
obtained at isopropanol concentrations above 40% were
similar for both types of treatment, irrespective of whether
cationic surfactant was added. However, for concentrations
of isopropanol lower than 40% the area shrinkage was less
when the treatment bath contained HTAB, reaching a
minimum value at an isopropanol concentration of zero.
This is particularly interesting because when treating the
wool fabric with HTAB only (1% wt/vol.) an area shrinkage
of 65% and a total sorption of 82 umol of HTAB per g of
wool were recorded. The area shrinkage of a wool sample
treated with sodium sulphite only {1.5% wt/vol.) was 50%.

These results show that as the content of polar organic
solvent in the bath increases, the action of the cationic
surfactant becomes weaker, which correlates with the
lower amount of surfactant sorbed as a function of iso-
propanol concentration (see Figure 1). In other words, the
higher the isopropanol content in the bath, the smaller the
sorption of surfactant. The presence of a polar organic
solvent prevents the sorption of the surfactant by the wool
due to weakening of the hypothetical hydrophobic bonds
between surfactant and keratin in this medium [12]; it may
also introduce modifications into the micellar structure of
the surfactant, compared with typical micelles normally
occurring in water [13]. Polar organic solvents and cationic

JSDC Volume 101 February 1985 67




surfactants interact with specific components of the keratin
fibres, thereby increasing the access of the reducing agent
to specific hidden linkages. Meodifications to the fibre's
physico-chemical properties are also promoted [9-14].

Alkali solubility remained unchanged by variations in
isopropanol concentration; therefore rupture of intra- or
inter-chain linkages, other than in cystine, are not impor-
tant.

Influence of Sodium Sulphite Concentration

The effect of sodium sulphite concentration in a treatment
bath containing 50% vol./vol. isopropanol at 55°C for 1 h
was studied. The area shrinkage values obtained after the
3 h Cubex test follow the curves shown in Figure 2.
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Figure 2 — Area shrinkage of wool as a function of sodium
sulphite concentration in a 50% vol./vol. isopropanol bath
at55°Cfor 1 h

The higher the amount of sulphite in the treatment bath,
the lower the area shrinkage values. In order to confer
adequate shrink-resist properties to wool fabrics the pres-
ence of at least 1.5% sodium sulphite under the conditions
described was needed (see Figure 2).

When HTAB (1% and 0.5%) was added to an aqueocus
treatment bath, under the same conditions, the pH
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Figure 3 — Area shrinkage values and amount of HTAB
sorbed on the fibre as a function of sodium sulphite con-
centration (HTAB content: 1% wtivol. at 55°C for 1 h)
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Figure 4 — Area shrinkage and amount of HTAB sorbed as a
function of sodium sulphite concentration in the treatment
bath (HTAB content: 0.5% wt/vol. at 55°C for 1 h)

throughout the treatment period decreased from 9.3 to 8.7,
whilst a similar treatment bath containing no sulphite
remained at a constant pH of 6.2.

Area shrinkage and the total amount of surfactant sorbed
are shown in Figures 3 and 4. At a HTAB concentration of
1% there was a close relationship between the shrink
resistance and surfactant sorption by the fibre, a high prop-
ortion of total HTAB sorbed corresponding to low shrink-
age values.

When 0.5% of HTAB was present in the reductive treat-
ment bath (Figure 4) the shrinkage of wool was reduced,
but the equilibrium HTAB sorption was lower than with 1%
HTAB.

By comparing Figures 3 and 4 with Figure 2 the area
shrinkage values, for any concentration of sodium sulphite
in the bath less than 1.5%, can be seen to be much lower if
the treatment was carried out in the presence of HTAB,
even at a concentration of 0.5%. This is good evidence that,
under the same conditions of temperature and time of
treatment, a cationic surfactant is more effective than iso-
propanol in conferring shrink resistance to wool.

Influence of Various Parameters on the Action of a Cationic
Surfactant on Shrink-resist Treatments in an Aqueous
Medium

Treatment

In Figure 5 the area shrinkage and the values of total surfac-
tant content for wool treated with 0.5% sodium sulphite and
1% HTAB in aqueous solution at 55°C are plotted as a
function of time. The experimental conditions were the
same as those for the work reported in Figure 3, in which it
can be seen that, for a HTAB concentration of 1%, the
lowest concentration of sodium sulphite to reduce shrink-
age effectively was 0.5%.

After 15 min the area shrinkage value was greatly
reduced, and the amount of surfactant sorbed was signific-
ant. After 80 min zero shrinkage was recorded. As
expected, sorption of surfactant increased as a function of
time, reaching a maximum after 45 min.

Surfactant Content

Knitted wool samples were treated at 55°C for 1 h in an
agueous solution containing a constant amount of sodium
sulphite (1.5% wt/vol.} and different concentrations of
HTAB (0.25-1%).
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Figure 5 —Area shrinkage and amount of HTAB sorbed as a
function of treatrment time (sodium sulphite content 0.5%
wt/vol.,, HTAB content: 1% wt/vol, at 55°C)

After treatment the samples were rinsed and dried as
described above. Shrinkage tests were carried out, and, on
separate samples, the total content of HTAB sorbed by the
wool and the alkali solubility were estimated.

Figure 6 shows the area shrinkage and the total HTAB
sorption curves, as well as the alkali solubility (figures in
brackets). It can be seen that for a HTAB concentration of
0.25% the shrinkage value was considerably reduced com-
pared with the value corresponding to untreated wool (52%
area shrinkage). Maximum shrink resistance was obtained
at HTAB concentrations between 0.5 and 1%. The amount
of surfactant sorbed increased proportionally with the
HTAB concentration in the bath.
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Figure 6 — Area shrinkage and amount of HTAB sorbed as a
function of HTAB concentration (sodium sulphite content:
1.5% wt/vol. at 55°C for T h)

The presence of the cationic surfactant in the reducing
bath promoted shrinkproofing only during the treatment;
the fact that residual HTAB on the fibre played no part in
preventing shrinkage was confirmed by the observation
that extraction of the surfactant after treatment did not
affect shrinkability. Because alkali solubility was not mod-
ified by the treatment, it was concluded that the surfactant
did not promote rupture of peptide linkages.

pH

The pH of an aqueous solution of sodium bisulphite was
adjusted by the addition of sodium hydroxide and hydro-
chloric acid to give predetermined values. The treatments
were then carried out in the presence of 1% HTAB accord-
ing to the conditions shown in Table 1, in which the area
shrinkage and the total and surface HTAB content are
given.

TABLE 1

Area Shrinkage and HTAB Sorption of Wool Fabrics
Treated with Sodium Bisulphite at Different pH Values
(HTAB content: 1%, at 55°C for 1 h)

HTAB sorption

Sodium Superficial
bisulphite Area
content shrinkage  Total {% of
(% wt/vol.) pH (%) (umol/g} (umol/g} total)
0.412 3.6 2 417 122 29.3
0.412 7.0 4 579 145 25.0
0.412 9.2 15 424 116 274
1.240 45 3 625 142 227
1.240 7.0 2 389 74 19.0
1.240 9.2 1 503 115 229

Shrink resistance was achieved over a wide range of pH
values. It was again evident that the amount of HTAB
sorbed by the fibre was high, and that the percentage of
HTAB adsorbed at the surface of the fibre corresponded to
20-30% of the surfactant sorbed by the whole fibre.

Treatrent Temperature

Wool samples were treated with sodium sulphite in the
temperature range 45—-60°C according to the conditions
stated in Table 2. A clear influence of increased tempera-

TABLE 2

Area Shrinkage and HTAB Sorption of Wool Fabrics
Treated with Sodium Sulphite and HTAB (1%wt/vol.) at
Different Temperatures

HTAB sorption

Sodium Superficial
sulphite Area
content Temp. Total (% of  shrinkage
(% wt/vol)  (°C}  (umol/g} (umol/g) total} (%)
1.5 50 392 59 15.1 5
1.6 55 510 101 19.8 0
1.5 60 529 116 21.9 0
0.5 45 308 46 14.9 20
0.5 50 358 78 21.8 8
0.5 55 473 121 256 3
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tures on area shrinkage values can be observed, especially
going from 45 to 50°C at a sulphite concentration of 0.5%.
This effect was also clearly observed on treatments carried
out in an isopropanol/water medium [9]. Perhaps increas-
ing temperature induced some changes in conformation in
certain physical structures of the wool fibres. Amiya [19]
observed that SCMKA undergoes a thermally induced con-
formational change from an a-helix to a random coil
around 50°C.

In both series of experiments (Table 2) the sorption of
surfactant by wool increased considerably as the tempera-
ture increased.

Chemica! Reactivity and HTAB Sorption on Sulphite-
treated Wool

Cysteine Content after Treatment in Aqueous or Alcoholic

Media

In Table 3 the values for the amount of cysteine formed on

wool samples treated with sodium sulphite under various

conditions are given together with the corresponding
shrinkage values. The following points can be noted.

1. The amount of cysteine formed was higher when the
bath contained a certain amount of cationic surfactant or
isopropanol.

. The amount of cysteine formed when the bath contained

cationic surfactant depended on the concentration of

surfactant, treatment time and temperature. it was not
dependent on the sulphite concentration, and only

0.25% of sulphite was needed to modify the wool fibres

to prevent shrinkage. Those results are in agreement

with previous investigations using sodium bisulphite

[14,15].

When the treatment bath contained 50% isopropanol,

cysteine formation slightly increased as the sulphite

concentration increased, and simultaneously shrinkage
reduction was observed.

4, If the cationic surfactant was replaced by an anionic

TABLE 3

surfactant, i.e. sodium dodecy! sulphate (SDS}, no for-
mation of cysteine and no shrink resistance were
obtained.

When the treatment bath contained cationic surfactant or
an organic polar solvent, it appears that there was a rela-
tionship between the level of cystine linkage rupture and a
considerable reduction of shrinkage.

The enhancement of the cystine reactivity of wool in the
above-mentioned media has been attributed to the pene-
tration of the reagent into hidden hydrophobic sites of the
protein structure [4,12,16—18]. It may be also assumed that
during the treatment the liposoluble polar material, lipids
and proteins [20] are extracted, probably from the ‘cell
membrane complex’, which is basically formed by pro-
teins, liposoluble substances and minute amounts of
carbohydrates [21].

Determination of HTAB Sorption after Treatment in an
Agueous Medium

It is possible that the large amount of surfactant sorbed
from the aqueous sulphite bath could be attributable to one
of three causes:

1. The alkaline pH value of the bath, which can produce an
increase in the number of negative charges of the wool

A salt effect that in some way promotes a higher sorp-
tion of the surfactant by the wool

The formation of S-sulphonate anions, which can
interact ionically with the cationic end groups of the
surfactant.

2.

3.

To investigate these assumptions, the amounts of HTAB
sorbed from an alkaline agueous medium containing
sodium sulphite, sodium sulphate and scdium carbonate
buffers, were estimated and correlated with shrinkage vai-
ues of the fabric. The treatment conditions are specified in
Table 4, in which the total and superficial amount of HTAB
sorbed, as well as the area shrinkage after a 3 h Cubex test,
are indicated.

Cysteine Content and Area Shrinkage of Wool Fabrics Treated with Sodium Sulphite/HTAB
in Aqueous and Alcoholic Media, before a Cubex Washing Test

Sodium
sulphite HTAB Isopropanol Cysteine Area
content content content Temp. TFime content shrinkage
(% wt/vol.) (% wt/vol.) (% vol./vol.) (°C) (min} {wmol/g) {%)
0.25 1.0 55 60 88 6
0.50 1.0 b5 60 88 3
1.50 1.0 55 60 86 2
0.50 1.0 55 15 57 16
0.50 1.0 55 30 93 7
0.50 1.0 B5 45 71 8
0.50 1.0 45 60 65 20
0.50 1.0 50 80 79 8
1.50 0.5 55 60 ral 0
1.50 55 60 38 45
0.25 50 40 33
0.50 50 48 23
1.50 50 57 2
1.50 55 60 18 41
Untreated wool 20 b2
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TABLE 4

Area Shrinkage, HTAB Sorption and Cysteine Content of Wool Fabrics Treated with Sodium
Sulphite, Sodium Sulphate and Carbonate Buffer at Different pH Values (HTAB Content: 1%,

at 55°C for 1 h)

HTAB sorption

Superficial Area Cysteine
Concn Total shrinkage content
Treatment {rmol/l) pH (wmolfg) (umol/g) (% of total) (%) (umol/g)
Sodium sulphite 0.119 9.2 408 86 211 2 86
Sodium sulphite 0.039 9.2 473 121 25.6 3 88
Sodium sulphate 0.119 9.8 113 7 6.2 44 15
Carbonate buffer 0.05 9.2 276 56 20.3 38 18
Sodium sulphate 0.119 8.5 84 5 6.0 47
None 6.5 82 7 8.6 53

The results in Table 4 (as do those of Table 1) show that
the higher sorption of surfactant was mainly due to the
action of the reagent sodium sulphite/bisulphite; neither a
salt effect nor the pH value of the bath had any influence.
There is a relationship between the cysteine content and
the HTAB sorption, and also the high totaf content of surfac-
tant sorbed by the woaol corresponds to low shrinkage val-
ues. Sorption values lower than 300 umol/g did not pre-
vent the shrinkage of the wool.

GENERAL COMMENTS

Separate treatments of wool carried out with only sodium
sulphite followed by a treatment with HTAB (or the other
way round), under the optimum conditions described in the
paper, do not increase shrinkage resistance. Both reagents
must be present simultaneously in the treatment bath,
which seems to indicate that there could be a certain ionic
interaction, between the surfactant and the sulphite in the
agueous medium. Such a new structure can react with
hidden cystine linkages, using the surfactant as a carrier for
the reducing agent.

We believe that modification of the physico-chemicat
properties of the wool fibre, at any given temperature, is
due to the cooperative action between the reducing agent
(sodium sulphite} and the cationic surfactant {or the polar
organic solvent).

CONCLUSIONS

1. The presence of either a cationic surfactant or a polar
organic solvent in treatments on wool knitted fabrics
carried out in a sodium sulphite/bisulphite aqueous
solution promotes prevention of shrinkage.

2. The reactivity of the sodium sulphite on wool fibres is
more effective in the presence of a cationic surfactant
than isopropanol.

3. The cooperative action between the reducing agent and
the surfactant only takes place when the latter is
cationic.

4. The sorption of certain amount of surfactant and the
rupture of cystine has been found to be essential to
achieve shrink resistance on wool fabrics by sodium
sulphite/caticnic surfactant treatments.

* * *
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