Wool bleaching with reducing agents in the presence of
sodium laurylsulphate. Part 2 - bleaching with non-
stabilised hydrosulphite

J Gacen, J Cegarra and M Caro

Instituto de Investigacién Textil v Cooperacion Industrial, Universitad Politécnica de Catalufia, Terrassa, Spain

a cysteine content some 20-30% lower.

Wool bleaching with non-stabilised hydrosulphite in the presence of sodium lauryisulphate (SLS) at a
concentration of 5 ¢/l provides far better whites than when bleaching without this surfactant. In addition
to better whiteness and lower vellowness index, wools bleached with SLS incorporated into the bath have

INTRODUCTION

Parra and others [1] have reported that treatment of wool
with sodium laurylsulphate (SLS} inhibits subsequent wool
sulphitolysis. This is because under sufficiently acidic
conditions SLS molecules can become ionically bonded to
the amino groups of keratin. The overall result is an
increase in the net negative charge on the protein and less
accessibility of the bisulphite ions to the disulphide bonds
of the fibre.

In the reduction bleaching of wool, products such as
sodium bisulphite, mixtures of sodium metabisulphite and
hydrosulphite, and thiourea dioxide are used. In all cases
the bleaching product reacts with the disulphide linkage,
increasing the cysteine content of fibre. As it is advisable
to achieve the maximum whiteness with the least damage
to the fibre, the Instituto de Investigacion Textil of Terrassa
designed a working programme, the objective of which
was to determine to what extent the presence ot SLS in the
reduction bleaching of wool may limit attack of the disul-
phide linkage and in what way the fibre whiteness may be
affected by the presence of the surfactant in the reduction
bleaching.

This study was initiated by bleaching with zinc formal-
dehyde sulphoxylate to represent the stabilised hydrosul-
phites; this is mare soluble than the calcium equivalent and
provides better whites than the sodium cne, according to
the results of previous experiments. To simulate possible
industrial application, the surfactant was not incorporated
into the fibre in a previous treatment but added to the
bleaching bath, which substantially simplifies the process.

The most important conclusion was that bleaching with
stabilised hydrosulphite in the presence of 5 g/1 SLS
provides at least the same level of whiteness as when
bleaching in the absence of this product, while the cysteine
content is reduced by half. Considerable protection of the
disulphide linkage was observed, albeit at a lower level, at
the pH values at which salt fixation of the negative ions
generated by the reducing agent is not possible. In other
words, SLS can be fixed by the fibre through hydrophobic
interactions.

Bleaching with non-stabilised hydrosulphite has been
studied in this work in accordance with a previously
applied methodology [2]. The amount of SLS fixed by the
fibre on bleaching has been also determined to evaluate
more objectively the protecting effect on the disulphide
linkage.
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EXPERIMENTAL

Material

Australian wool tops with the following parameters were
used: fineness 19.4 um, alkali solubility 12.4%, cysteine
content 0.24%, pH of aqueous extract 9.1, IWTO white-
ness degree 60.1, Berger index 14.8, vellowness index
31.6.

Chemicals

Non-stabilised sodium hydrosulphite {analytical reagent)
and commercial sodium laurylsulphate with 30% of active
matter (KAQ) (analytical reagent) were used.

Treatments

Wool was scoured with Sandocina NIA (S} (1 a/1) for 30
min at 30°C and then washed and air dried. After the
material had been homogenised the reduction bleaching
was carried out with a 5 g/l sclution of non-stabilised
hydrosulphite for 2.5 h at 60°C and a liquor ratio of 30:1.
Without altering these conditions, the bleaching pH (3, 4,
5 and 6) and the SLS concentration in the bath (0, 2.5, 5
and 10 g/l active matter) were modified, the pH being
requlated with acetic acid (analytical reagent) or sodium
hydroxide (analytical reagent). When bleaching was com-
plete the wool was washed with copious quantities of
distilled water, air dried and homogenised.

Determination of bleaching effect

The values for the Berger index were determined accord-
ing to the published method [3]. The yellowness index was
also measured according to the ASTM standard method
{4]. Discussion of the results will focus on the Berger index
because of its higher sensitivity to differences in the
treatment. However, the values for yellowness index are
also included in the tables presented.

The cysteine content as determined by the Ellman
method [5] was used as the chemical parameter to charac-
terise the attack undergone by keratin. The cysteine values
presented are expressed in terms of the amount of dry
wool after deducting the amount of SLS retained at the
different bleaching pH values adopted. The amount of
SLS retained was assessed by gravimetric analysis after
converting the retained sodium laurylsulphate into barium
sulphate.



RESULTS AND DISCUSSION

Influence of pH and SLS concentration

Without changing the hydrosulphite concentration (5 g/1),
temperature (60°C) or treatment time (2.5 h), bleaching
was carried out at pH values between 3 and 6 with addition
of SLS to the bath at concentrations between 0 and 10 g/
| active matter, as mentioned previously. In Table 1 it can
be seen that, on bleaching without SLS, the maximum
reducing action on the disulphide linkage is reached at pH
3. Between pH 3 and 5 the cysteine content decreases
sharply and then increases a little at pH 6.

TABLE 1

Cysteine content and optical parameters in terms
of pH and SLS concentration in the bleaching bath

SLS Cysteine Berger Yellowness SLS
pH concn (g/l) content (%) index index retention (%)
3 0 271 29.3 28.6
2.5 2.35 30.0 25.6 54
5.0 2.00 305 249 10.4
10.0 1.69 30.0 25.1 14.1
4 0 2.09 28.7 25.0
25 1.25 31.2 24 .4 4.8
5.0 1.29 316 24.0 7.7
10.0 1.34 303 24.6 11.7
5 0 1.66 28.4 25.3
25 1.13 319 235 52
5.0 1.21 32.8 240 6.8
10.0 1.35 323 238 7.4
6 0 1.85 30.2 245
2.5 1.52 31.8 23.4 4.7
50 1.35 33.9 222 58
10.0 1.34 33.7 23.1 59

In the presence of SL.S at different concentrations, the
cysteine content, at pH 5, goes through a relatively
flattened minimum, Similarly, when stabilised hydrosul-
phite was used, the presence of SLS in the bleaching with
non-stabilised hydrosulphite causes a decrease in the
cysteine content, although less markedly. At pH 3 the
protection of the disulphide linkage will be greater as the
concentration of SLS in the bath increases. At higher pH
values the presence of SLS also protects the disulphide
linkage, but the influence of surfactant concentration is
slight since the variations observed in cysteine content
seem to be not very different from the expected experi-
mental error.

As at pH 5 the cysteine content reaches a minimum,
additional experiments were performed at pH 4.5 and
5.5, with (5 g/1) and without SLS, cenfirming that this
minimum does in fact occur at pH 5.

Inrespect of the optical parameters (Table 1) the Berger
index tends to decrease a little between pH 3 and 5 and
then it increases to pH 6 when bleaching without addition
of SLS. The yellowness index decreases as the pH in-
creases from 3to 4, and remains constant from 4 upwards.

With SLS present, the Berger index increases along
with the pH of the bleaching bath, at least at the higher
concentrations of SLS. On the other hand, the vellowness
index decreases linearly when the pH of the bath is
increased. The most favourable values of Berger index and
yellowness index are those resulting from bleaching with
SLS at a concentration of 5 g/, whatever the treatment
pH.

Because the greatest protection of the disulphide link-
age occurs at pH 5, and because the optical parameters
improve only slightly at pH 6, the conditions considered to
be the most favourable for bleaching with unstabilised
hydrosulphite are a pH of 5 and an SLS concentration of
5 g/l in the bath. To be even more precise, it can be
recorded that, under the particular experimental condi-
tions, the presence of 5 g/1 SLS in a bleaching bath of pH
5 reduces the cysteine content by 27%, while the Berger
index (increasing) and the yellowness index (decreasing)
improve by five and two units respectively. It should,
however, be pcinted out that bleaching at pH 6 in the same
conditions as at pH 5 can also be adequate, as the cysteine
content is enly 12% higher than that found at pH 5, while
the Berger index improves by one unit and the yellowness
index by nearly two units.

On comparing these results with those achieved with
stabilised hydrosulphite, it was noted that the most ade-
quate bleaching took place at pH 3. Hence the protection
of the disulphide linkage attributable to the presence of
SLS in the bleaching bath is considerably greater in the
case of the stabilised hydrosulphite, whatever the bleach-
ing pH. Similarly the improvement in whiteness resulting
from the presence of SLS is much more noticeable when
bleaching with non-stabilised hydrosulphite.

Influence of reducing agent concentration and
bleaching time and temperature

Table 2 shows how, in the absence of SLS, the Berger
index tends to increase on increasing the temperature,
while it does not seem as dependent on this variable when
the surfactant has been added to the bleaching bath.
Without SLS in the bath the cysteine content remains
virtually unchanged when the treatment temperature in-
creases. On the other hand, the addition of SLS to the bath
causes a marked linear increase in cysteine content as the
temperature increases.

The influence of reducing agent concentration on the
cysteine content (Table 3}, with or without SLS present,
gives rise to a linear increase in cysteine content between
2.0 and 6.5 g/1. The slope of the curve corresponding to
bleaching without SLS is more inclined than that corre-
sponding to bleaching with SLS, which means that the
higher the non-stabilised hydrosulphite concentration, the
greater the difference will be in the cysteine content
between waol samples bleached with and without SLS
added to the treatment bath. Table 3 also shows that,
between non-stabilised hydrosulphite concentrations of 2
and 8 g/}, the Berger index does not depend at all on the
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TABLE 2

Influence of temperature on the properties of wool
bleached with non-stabilised hydrosulphite with
and without SLS

Temp SLS Cysteine  Berger Yellowness
(°C) conen{g/)  content (%)  index index
50 0 1.55 26.2 264
5 0.91 32.8 23.7
55 0 1.56 259 26.2
5 0.98 32.8 23.5
60 0 1.66 27.3 25.3
5 1.21 32.8 24.0
65 0 1.67 28.0 25.8
5 1.23 33.7 23.4
70 0 1.63 28.1 255
5 1.35 33.8 23.0

reducing agent concentration in the bleaching bath when
bleaching without addition of SLS. When this product is
present, the same happens at a concentration of 3.5 g/1
and upwards.

Table 4 shows the evolution of the cysteine content and
Berger index versus bleaching time with non-stabilised
hydrosulphite. Both with and without SLS, a considerable
increase of wool whiteness takes place between 0.5 and 1
h, while from 1 to 3 h only a slight increase is observed.

TABLE 3

Influence of non-stabilised hydrosulphite concen-
tration on the properties of wool bleached with and
without SLS

Non-stabilised

hydrosulphite SLS Cysteine  Berger Yellowness
(g conen {g/l) content (%) index index
2.0 0 1.38 27.8 254
5 1.05 31.0 24.2
3.5 0 1.54 27.8 25.3
5 1.10 32.8 236
5.0 0 1.66 27.3 25.3
5 1.21 32.8 24.0
6.5 0 1.83 27.4 26.0
5 1.27 32.9 23.6
8.0 0 2.14 27.1 25.8
5 1.44 33.3 23.0
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TABLE 4

Influence of bleaching time on the properties of
wool bleached with and without SLS

Time SLS Cysteine Berger  Yellowness
(h) conen (g/ content (%) index index
0.5 0 1.48 26.4 264

5 0.99 298 24.7
1.0 0 1.61 27.4 259
5 1.16 319 237
2.0 0 1.67 269 257
5 1.20 32.1 238
25 0 1.66 27.3 253
5 1.21 328 24.0
3.0 0 1.75 27.8 26.0
5 1.26 33.1 23.1

The results relating to concentration, temperature and
bleaching time indicate that in the presence of SLS the best
bleaching conditions seem to be:

- Non-stabilised hydrosulphite concn: 3.5 or 5 g/1
— Sodium laurylsulphate concn: 25o0r5g/l
— Bleaching time: 1-2h
— Temperature: 55 or 60°C
- pH: 5o0r6.

It should also be indicated that bleaching with non-
stabilised hydrosulphite gives whites that are less good
than when bleaching with Decrolina, in either case without
addition of SLS to the treatment bath. However, the
whiteness achieved is practically the same in presence of
SLS (5 g/). This is because in the case of Decrolina the
presence of SLS improves wool whiteness very slightly,
while in the case of non-stabilised hydrosulphite quite
major improvements are achieved. Finally, the presence of
SLS in the bleaching bath protects the disulphide linkage
more when bleaching with stabilised hydrosulphite than
when non-stabilised hydrosulphite is used.

CONCLUSIONS

1. Bleaching with sodium hydrosulphite in the presence
of SLS at a concentration of 5 g/1 provides far superior
whites than when bleaching without SLS.

2. In addition to better whiteness and a lower yellowness
index, wools bleached with SLS added to the bleaching
bath show 20-30% lower cysteine content.

3. Since a pH value of 5 or 6 is the most suitable for
bleaching with non-stabilised hydrosulphite, it is logical
to conclude that protection of the disulphide linkage is
conferred by unsalted fixation of the surfactant.

4. The protection achieved is a consequence of the
increase of the net charge on keratin resulting from the



SLS fixation, which makes the disulphide linkages less
accessible to the reducing anion.
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