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Reductive bleaching with Blankit (N has been shown to provide waol of excellent whiteness, with a
lower cysteine content than in the case of bleaching with other reducing agents. The presence of
sodium laurylsulphate in the bleaching bath improves the Berger index by about three units, without

increasing the cysteine content.

INTRODUCTION

The technique of bleaching wool with reducing agents in
the presence of sodium laurylsulphate (SLS) has been
reported in previous papers. The reducing agents used
where sodium hydrosulphite-based sulphoxylate-
formaldehyde formulations [1], non-stabilised hydro-
sulphite [2], thiourea dioxide [3] and sodium bisulphite [4].
The presence of SLS in the bleaching bath improves the
whiteness of the fibre together with providing some degree
of protection for the disulphide linkage. This protection is
the outcome of sulphitolysis inhibition derived from the
ionic or nonionic interaction of SLS in the positive sites of
keratin (-NH;*) or in the paraffinic side chains of some
amino acid residues. The interaction or combination of SLS
with protein increases its net negative charge and hinders
the access of the reducing anion to the disulphide linkage.
In the above-mentioned studies, bleaching was
systematically studied with each of the reducing agents by
varying the bath pH, SLS and reducing agent con-
centrations, bleaching temperature and bleaching time. The
optimum bleaching conditions were selected in each case,
both in the presence and in the absence of the surfactant. In

the present paper (the last in the series) the reducing agent
used for bleaching was stabilised sodium hydrosulphite
(dithionite, Na;$,0,.2H;0). The working method followed
was similar to those adopted previously.

EXPERIMENTAL

Material
South Africa merino wool top with the following
characteristics was used: fineness 22 um, alkali solubility
13.3%, cysteine content 0.27%, pH of aqueous extract 7.6,
IWTO whiteness index 54.9, Berger index 16.1, yellowness
index 30.5.

Chemicals

Blankit IN (BASF), a sodium hydrosulphite formulation
containing stabilisers and sequestering agents (but without
phosphates) was used, together with commercial grade
sodium laurylsulphate, with 30% active matter.

Treatments
Wool was washed with Sandozin NIA (1 g/l) at 30°C, rinsed
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with distilled water and air dried. Bleaching was carried out
in a bath containing 4 g/ Blankit IN for 1 h at 55°C, liquor
ratio 30:1. The pH was varied between 3 and 9, and the SLS
concentration was varied when bleaching to pH 7. The pH
was maintained with an acetic acid/sodium acetate or a
sodium hydroxide/potassium dihydrogen phosphate
buffer. When bleaching was complete the wool was washed
repeatedly with distilled water, air dried and then
homogenised.

Determination of bleaching effect

Wool whiteness was assessed by the Berger equation [5].
The yellowness index was measured by the ASTM standard
method D-1925. Although not discussed in detail in the text,
yellowness index values obtained are shown in the tables;
their trends were similar those of the Berger index (but of
opposite sign) and they are familiar parameters often
quoted in the wool industry.

The cysteine content was determined by the Ellman
method for assessing chemical attack undergone by keratin
[6]. The values are related to the weight of wool after the
deducting the amount of SLS retained at different
bleaching pH values. The amount of SLS retained was
determined by gravimetfric analysis after converting the
surfactant to its barium salt.

RESULTS AND DISCUSSION

Influence of pH and SLS concentration

Table 1 shows the influence of bleaching bath pH on the
Berger index and on cysteine content, while maintaining
the other process variables constant. Whiteness, both with
and without SLS, was observed to increase considerably
between pH 3 and 7 and to decrease above pH 7. The
Berger index decreased by less then one unit between pH 7
and 8 when bleaching in the presence of SLS and by almost
two units when SLS was not used. This behaviour suggests

Table 1 Influence of the pH on wool bleaching?

SLS Cysteine

concn content  Berger Yellowness
pH (g (%) index  index
3 0 1.52 22.6 28.7
5 1.24 255 27.2
4 0 1.62 240 270
5 1.36 27.9 25.6
5 0 1.43 2741 26.1
5 1.27 303 249
6 0] 1.35 27.2 26.0
5 1.39 31.9 24.0
7 0 1.41 28.5 25.7
5 1.25 3249 235
8 0 097 26.7 25.8
5 1.03 321 24.3
9 0 0.4 223 27.5
5 0.40 27.6 259

a Blankit IN 4 g/l for 1 h at 55°C
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that pH 7 is the most suitable for bleaching (the same value
as used for preparing the Blankit IN bath [7]).

The improvement of the Berger index derived from the
presence of SLS in the bleaching bath was estimated to be
four units at pH 7 (even more at pH 6 or 8). When bleaching
was carried out in the absence of SLS, the cysteine content
decreased slightly between pH 3 and 7, and very sharply
between pH 7 and 9. In the presence of SLS the cysteine
content fluctuated around an average value and then
decreased above pH 7. The SLS seemed to protect the
disulphide linkage between pH 3 and 7. Clearly the
bleaching capacity of Blankit IN decreased considerably
above pH 7, which coincided with a decrease of the
sulphitolysis of the disulphide linkage, because the cysteine
content at pH 9 was only 0.4%.

Table 2 shows how the Berger index and cysteine content
changed on varying the SLS concentration in the bleaching
bath. The Berger index was estimated to increase by about
three units when the surfactant was present at a concen-
tration of 2.5 g/l; at higher concentrations there was hardly
any improvement. Decreases in cysteine content seemed to
occur when bleaching was carried out in the presence of
SLS, and a concentration of 5 g/l was selected for the study
of other variables in the bleaching process.

Table 2 Influence of SLS concentration in
bleaching®

SLS Cysteine

concn  content Berger  Yellowness
{g/)) (%) index index

0 1.09 27.9 25.6

25 1.00 31.0 255

5.0 0.96 31.8 241

7.5 0.99 30.9 246

10.0 0.98 31.6 24.4

a Blankit IN 4 g/l for 1 hat55°C and pH 7

Influence of the reducing agent concentration, and
bleaching temperature and time

Blankit IN is an optimised mixture of reducing agent,
stabiliser and water hardness adjuster, with pH buffers. It is
recommended for use as a wool bleach at a concentration of
2-6 g/1, a temperature of 45-70°C and a time of 30-90 min
[7]. Within these limits, the specific conditions depend on
the bleaching effect sought and on the liquor ratio; lower
values are appropriate at long liquors and vice versa. To
study the effects of reducing agent concentration, and the
bleaching temperature and time, the conditions corres-
ponding to the central values of the range of each variable
(Blankit IN 4 g/, 1 h, 55°C) were selected and modified
appropriately in each case.

Table 3 shows that as the reducing agent concentration
was increased, the whiteness also increased. This phenom-
enon was more evident when bleaching in the presence of
SLS, the improvement derived from the presence of SLS
generally being about three Berger units. The cysteine



content increased markedly in line with Blankit IN
concentration, and no perceptible protecting effect derived
from the presence of SLS was observed.

The influence of temperature was studied between 45
and 65°C (Table 4). The Berger index increased between 50
and 65°C when bleaching in the presence of SLS and up to

Table 3 Influence of Blankit IN concentration2

Blankit IN SLS Cysteine
concn concn  content Berger  Yellowness
(g/)) (o) (%) index index
2 0 0.66 26.8 26.4
5 0.63 291 24.9
3 0 0.83 28.0 25.6
5 0.83 309 24.6
4 0 0.94 288 25.2
] 0.89 31.6 24.3
5 0 1.00 29.4 25.3
5 0.95 32.3 247
6 0 1.24 29.9 25.0
5 1.22 32.7 242
a 1hat55°CandpH7
Table 4 Influence of bleaching temperature
SLS Cysteine
Temp. concn content Berger  Yellowness
(°C) {g/) (%) index index
45 0 0.63 27.6 25.7
5 0.76 28.5 25.7
50 0 0.93 27.4 26.0
5 082 28.6 25.7
55 0 1.02 28.7 250
5 0.93 31.7 239
60 0 0.99 30.3 248
5 0.99 327 24.0
85 0 1.13 30.6 24.8
5 1.08 336 23.5
a BlarkitINdgiforihatpH7
Table 5 Influence of bleaching time?
SLS Cysteine
Time concn content Berger Yellowness
(h) {g/) (%) index index
0.5 0 0.74 26.8 26.3
5 0.73 28.6 25.6
1.0 0 1.02 28.7 25.0
5 0.93 31.7 23.9
1.5 0 0.97 302 251
5 0.98 329 23.7
2.0 0 1.07 30.8 24.7
5 0.95 33.7 233
25 0 1.11 31.0 24.3
5 1.15 34.0 235

a Blankit IN 4 g/l at 55°C and pH 7

Table 6 Recommended conditions for
bleaching with Blankit IN and SLS

Optimum
Parameter level
pH 7
SLS conen 2.5-5¢g/l
Reducing agent concn 4-5g/
Temperature 55-60°C
Time 1-2h

60°C in the absence of this surfactant. The whiteness
improvement caused by the presence of SLS in the bath
was a little more than one Berger unit at 45 and 50°C and of
about three units at 55 and 65°C. The cysteine content
increased markedly when bleaching without SLS between
45 and 50°C, less so between 50° and 65°C; with SLS this
effect was less noticeable.

Table 5 shows that the Berger index increased
considerably between 0.5 and 1.5 h and very slightly
between 1.5 and 2.5 h, with or without SLS present; the
trend in cysteine content was similar Any protecting effect
of SLS on the disulphide linkage was minimal.

These results enabled a set of recommendations for
optimum bleaching with Blankit IN conditions to be
compiled (Table 6). The presence of SLS in the bleaching
bath means that a given level of whiteness can be achieved
with lower amounts of Blankit IN, and hence a lower
cysteine content and improved mechanical properties of
the bleached wool.

It was noted that bleaching with Blankit IN, with or
without SLS, always gave whiter wool with a lower
cysteine content than when using any of the other reducing
agents reported in previous studies.

CONCLUSIONS

The reductive bleaching of wool with Blankit IN provides
whiter wool with a lower cysteine content than when using
other reductive bleaching agents. The presence of sodium
laurylsulphate in the bleaching bath improves the Berger
index by about three units, without affecting the cysteine
content. This provides the possibility of using lower
amounts of Blankit IN, thus minimising cysteine content
and giving a consequent improvement in the mechanical
properties of the bleached wool.
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