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We have studied the influence of ionic surfactants on the bleaching of wool with hydrogen peroxide
under acidic and alkaline conditions, comparing anionic sodium alkyl sulphates with eight, 12 and
16 carbon atoms and the cationic surfactant dodecyltrimethylammaonium bromide (DTAB). Addition of
ionic surfactants to both acidic and alkaline bleaching baths improved the whiteness of wool,
especially at above 0.01 mol/l. Anionic surfactants prevented fibre damage during bleaching of wool,
whereas DTAB accelerated it. The fibre damage decreased with increasing concentration of alkyl

sulphates and with increasing length of hydrocarbon chain.

INTRODUCTION

Hydrogen peroxide is widely used in industry for
oxidative bleaching of wool. Traditionally wool has
been bleached under alkaline conditions, since alkali
enhances the bleaching action by increasing the
concentration of perhydroxyl ions. The development of a
weakly acidic activated hydrogen peroxide bleaching
system has permitted effective whitening of wool with
reduced fibre damage {1-4]. However, in all cases, the
bleaching product reacts with the disulphide linkage,
increasing the cysteine content of the fibre. There has
therefore been a great deal of research into ways of
achieving maximum whiteness with minimal damage to
the fibre.

It has been shown that chemical and physical
properties of wool are influenced by the presence of
ionic surfactants on wool fibres [5-17]. lonic surfactants
have been employed both to protect wool and to
promote chemical reactions. Erra et al. reported that a
cationic surfactant allowed a shrinkproofing agent to
react with specific cystine residues, resulting in
considerable changes in the wool's physicochemical
properties [6,7]. Kim et al. also pointed out that better
dyeing properties were obtained at low temperature in
the presence of alkali and cetyltrimethylammonium
chloride [8]. They believed that this was due to the
removal of fatty acid from wool surface, causing
increased wettability. The report by Meichelbeck ef al.
indicated that anionic surfactant reduced the breakage
of disulphide linkage during alkaline treatment (pH 9)
[9]-

The role of sodium lauryl sulphate (SLS) in both
oxidative [12-14] and reductive bleaching [15-18] has
been extensively studied by Gacen et al. [12-18]. In
oxidative bleaching with hydrogen peroxide, the
presence of 5LS in acidic bleaching solutions produced
wool with improved whiteness and lower cysteic acid
content (less breakage in disulphide linkages) [13].

Comparison was also made of adding SLS to the
pretreatment bath or the bleaching bath. Here, the results
indicated that addition of SLS in the hydrogen peroxide
bath was better in terms of whiteness and protection of
disulphide linkages of wool [13]. The effects of SLS on
hydrogen peroxide bleaching of wool under alkaline
conditions are similar to those under acidic conditions
[12]. It was speculated that hydrophobic interaction
between wool and anionic surfactant played a major role
under alkaline conditions,

The etfects of SLS on the wool bleaching with reducing
agents such as thiourea dioxide [15,17], sodium bisulphite
[16] and non-stabilised hydrosulphide [18] were also
studied under acidic conditions. In general, SLS has the
same effect on reductive bleaching systems under acidic
conditions as it does on oxidative bleaching systems:
improved whiteness and protection of disulphide linkages
during the bleaching. In addition, the protection of
disulphide linkages was better at lower pH. This was due
to the fixation of anionic surfactants on wool increasing
the net charge of wool keratin, reducing the accessibility of
disulphide linkages to the reducing anions [17].
Furthermore, it was pointed out that whiteness of wool
was improved by treatment with SLS even in the
absence of bleaching agent [17].

Overall, it is quite clear that most of the previous
studies have focused on a single surfactant, SLS, during
the bleaching process. In addition, to our knowledge no
effort has been made to elucidate the effect of adsorbed
surfactant on wool bleaching. Since wool bleaching is a
heterogeneous process, the amount of adsorbed
surfactant could be more important than the amount of
surfactant in the bath. Adsorption of the surfactants
onto wool was influenced by two main factors: the
ionic nature and the alkyl chain length of the
molecules.

The objective of the present study was therefore to
investigate the effects of ionic nature and alkyl chain
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length of surfactant on wool during hydrogen peroxide
bleaching. Both acidic and alkaline conditions were used.
Anionic and cationic surfactants with the same chain
length were selected to study the effect of ionic nature.
Anjonic alkyl sulphates with alkyl chain lengths of eight,
12 and 16 carbon atoms were employed to study their
effects on the whiteness and disulphide linkage content of
the bleached wool. In addition, all the effects of the
surfactant were investigated in terms of the actual
concentration of adsorbed surfactant on wool.

EXPERIMENTAL

Materials and chemicals

A scoured 100% wool plain fabric was used; 34.2 ends/cm,
24.2 picks/cm. Hydrogen peroxide was used as a 400 g/'kg
aqueous solution. The commercial activator Prestogen
NB-W was obtained from BASF Chemicals Division.
Dodecyltrimethylammonium bromide (DTAB) was
selected as a cationic surfactant and anionic sodium n-
alkylsulphates with eight, 12 and 16 carbon atoms were
also selected. All the chemicals used were of reagent
grade.

Alkaline bleaching conditions

Fabric samples were bleached by alkaline peroxide solutions
at 60 °C for 1 h. The bath contained 20 ml}/1 peroxide, 7.5 g/l
sodium pyrophosphate and 0, 10#,10-%, 102 or 10~ mol/l of
jonic surfactants. All bleaching treatments were at a liquor/
wool ratio of 30:1. The initial pH of the bath was adjusted to
9.5 with aqueous ammonia. The bleached fabric was
neutralised with acetic acid, followed by subsequent water
rinse and air drying,

Acidic bleaching conditions

The acidic bleach bath contained 20 ml/l peroxide and
5 g/l Prestogen NB-W. Various concentrations of sur-
factants were added and the pH of the bath adjusted to
4.5 with acetic acid. Bleaching of fabric samples was
carried out at 60 °C for 2 h. The bleached fabrics were
rinsed with water and dried in air.

Alkali solubility (ASTM D 1283-85)

Oven-dry specimens (1 g) were immersed in an
Erlenmeyer flask containing 100 ml of 0.1 m sodium
hydroxide solution at 65 °C for 1 h. The contents were
poured through a glass filter (GI) and subsequently
rinsed with distilled water and acetic acid. The samples
were weighed after drying at 110 °C for 3 hin a laboratory
oven. Alkali solubility was expressed as percentage of the
weight loss from the original mass.

Cystine content

An accurately measured oven-dry specimen (0.18-0.22 g)
was hydrolysed in a sealed tube with 5 m hydrochloric
acid (4.0 ml) overnight in an oven at 110 °C. After allowing
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it to cool, the tube was broken open and the contents
filtered and transferred to a 50 ml volumetric flask. The
hydrolysate and washings were finally made up to 50 ml.
The amount of cystine present in the hydrolysate was
determined colorimetrically from the prepared cystine
solutions containing phosphotungstic acid reagent [19].

Yellowness index (YI) and whiteness index (WI)

The degree of bleaching was evaluated in terms of YI
(ASTM E-1921) and WI (Berger 79) measured by
spectrophotometer (Macbeth Color-Eye 2145) under
CIE illuminant Dg; with the 10° standard observer and
calculated according to Eqn 1:

D) = 100 128X ~1062)
I
(WD) = 3Z2-3X+Y

where X, Y and Z are the tristimulus values.

Fibre surface

The damage of wool scales was observed from photo-
graphs obtained from a scanning electron microscope (Jeol
JSM-820).

Surfactant absorption

The amounts of anionic and cationic surfactants in the
exhausted bath were determined by the dye complexing
method [20,21]. Anionic surfactants were complexed with
methylene blue and the cationic surfactant was
complexed with orange 1I dye, followed by chloroform
extraction. Absorbance of the extracted solution was
determined by a spectrophotometer and the contents of
surfactants were obtained from the calibration curves of
the known samples.

Amino acid analysis

The wool samples were hydrolysed in 6 M hydrochloric
acid at 110 °C for 24 h. After hydrolysis, the amino acid
content of the hydrolysate was determined by high
pressure liquid chromatography [22].

RESULTS AND DISCUSSION

Influence of ionic nature of surfactants

The effect of ionic surfactants on the bleaching efficiency
of wool was examined in terms of the whiteness index. As
shown in Figure 1, the alkaline system permitted more
effective bleaching of wool than the acidic system since
the reaction of wool with peroxide was relatively slow
under acidic conditions even in the presence of activator.
In general, whiteness increased with an increase in
surfactant concentration and it was apparent that
significant differences in the whiteness arose only when



high levels of surfactants (above 0.01 mol/l) were
incorporated into the alkaline and acidic bleaching baths.
We also found that the bleaching efficiency of SLS was
improved to a greater extent than that of DTAB under
both conditions. The role of surfactant in improving
bleaching performance is probably due to the reduction of
surface tension which facilitates better penetration of
bleaching agents to the impurities or colouring materials.
Since the concentration of ionic surfactant affected the
bleaching efficiency, we measured the amount of
surfactant adsorbed during bleaching. As the pH was
increased from 4 to 11, the sorption of anionic surfactant
decreased while that of the cationic surfactant increased.
This is because the wool fibre acquires a negative charge
above the isoelectric point (about pH 3.5), which makes it
repel the negatively charged surfactant and attract the
positively charged surfactant by an ion-exchange
mechanism. When sorption of the two surfactants was
compared under acidic and alkaline conditions, more SLS
was taken up during bleaching under acidic condition
than under alkaline conditions, while more DTAB was
absorbed under alkaline conditions (Figure 2). Thus, it
seems that less adsorbed anionic surfactant than cationic
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Figure 1 Effect of ionic surfactant on bleaching efficiency under acid
and alkaline
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Figure 2 Sorption of surfactants by wool fabric during peroxide
bleaching under acid and alkaline conditions; for key see Figure 1

surfactant would be required to impart whiteness to
bleached wool.

The degree of fibre damage resulting from bleaching
was evaluated in terms of the alkali solubility and
cystine content of the bleached wool fabric. When wool
is immersed in hydrogen peroxide sclutions, some of
the reagent is initially adsorbed on the amino and
imino groups and oxidation of the cystine and attack on
the peptide bond occur simultaneous [1]. We found
that the alkali solubility increased and cystine content
decreased during the bleaching due to rupture of peptide
bonds as well as disulphide bonds, as shown in Figures 3
and 4. Since disulphide bonds in wool are very susceptible
to cleavage by treatment with alkali and hydrogen
peroxide, greater damage was observed in the wool fibre
bleached under alkaline conditions, although the
bleaching efficiency was better.

Overall, the addition of DTAB under acidic or
alkaline bleaching conditions accelerated fibre damage,
while bleaching with 5LS decreased damage, as indicated
by alkali solubility and cystine content. This was pre-
sumably due to the shielding action of adsorbed SLS
which increases the negative charge on the fibre surface,
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Figure 3 Alkali solubility of wool bleached with ionic surfactants under
acid and alkaline conditions; for key see Figure 1
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Figure 4 Cystine content of wool bleached with ionic surfactants
under acid and alkaline conditions; for key see Figure 1
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Figure 5 Scanning electron micrographs of woal bleached under acidic conditions (a) without surfactant, (b) with anionic surfactant, (c) with

cationic surfactant

Figure 6 Scanning electron micrographs of (a) untreated wool, and woo! bleached under alkaline conditions {b) without surfactant, (¢) with

anionic surfactant, (d) with cationic surfactant

repelling both perhydroxy anions and hydroxyl anions. In
contrast, an increase in positive charge on the fibre surface
due to DTAB absorption attracted these negative ions,
accelerating the hydrolysis of the disulphide bond.

The effects of bleaching conditions on fibre damage
were further confirmed by scanning electron microscopy
(Figures 5 and 6). This revealed that overall fibre damage
could be reduced by bleaching with hydrogen perexide in
an acidic medium. The surface damage of bieached wool
fibre was reduced with anionic surfactant and increased
with cationic surfactant.

Influence of alkyl chain length of anionic surfactants

Further experiments were carried out with anionic
surfactants of various alkyl chain lengths, in order to
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identify the most effective type of anionic surfactants for
peroxide bleaching. Anionic sodium n-alkylsulphates with
eight, 12 and 16 carbon atoms were selected. Wool samples
were bleached at 60 °C for 1 h by using the alkaline (pH
9.5) peroxide solutions in the presence of anionic
surfactant as described above.

Because wool has negative charge at pH 9.5 and repels
anionic molecules, its adsorption of anionic surfactants
could be governed by hydrophobic interaction between
the alkyl groups of surfactants and the nonpolar side
chains of the protein [23,24]. Figure 7 shows the influence
of bath surfactant concentration on the adsorption of
sodium n-alkylsulphate. The adsorption of anionic sur-
factants increased with increasing surfactant concen-
tration. At the same level of surfactant concentration, the
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Figure 7 Effect of alkyl chain length of anionic surfactants on sorption
by bleached wool fabric
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Figure 8 Effect on anionic surfactant on whiteness index of bleached
wool fabric; for key see Figure 7

Table 1 Changes in the amino acid composition of wool after
hydrogen peroxide bleaching

Amount (umol/g)

Bleached
Surfactant

Amino acid Untreated  Nosurfactant  Cg Cys Cig
Decreased level
Phenylalanine 225 173 204 218 209
Lysine 242 197 213 225 220
Arginine 602 306 447 581 579
Serine 857 828 833 839 830
Tyrosine 327 308 323 325 325
Threonine 488 479 486 489 485
Increased level
Cysteic acid 509 631 559 528 547
Aspartic acid 503 546 521 516 507
Glutamic acid 1020 1070 1060 1029 1041
Valine 423 434 430 426 418

surfactant adsorption increased as the alkyl chain length
increased. This effect was more clearly shown at higher
surfactant concentrations.
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Figure 9 Effect on anionic surfactant on alkali solubitity of bleached
wool fabric; for key see Figure 7
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Figure 10 Effect on anionic surfactant on cystine content of bleached
wool fabric; for key see Figure 7

As alkyl chain length of anionic surfactant and con-
centration increased, whiteness indices of bleached wool
fabrics increased. Figure 8 shows the increase in bleaching
efficiency with increasing anionic surfactant absorption.
The bleaching efficiency can be much improved by a sur-
factant concentration above 0.01 mol/l, which is probably
because more surfactant can be adsorbed by the wool
above that concentration (Figure 7).

The alkali solubility of bleached wool was slightly
decreased by absorption of SLS, but this could not be
significantly reduced by sodium n-alkylsulphates with
eight or 18 carbon atoms (Figure 9). Furthermore, as the
concentration of anionic surfactants increased, the
cystine content of bleached wool fabrics increased until
it reached 107> mol/], after which it tended to level off
(Figure 10). The anionic surfactant SLS (with 12 carbon
atoms) provided the best shielding effect, followed by
the surfactant with 16 carbon atoms, and then the one
with eight carbon atoms.

Table 1 shows the amino acid composition (as
determined by a hydrolytlic method) of untreated wocl
fabric and fabric bleached with or without surfactants.
After hydrogen peroxide bleaching, in general, the
amount of phenylalanine, lysine, arginine, threonine,
tyrosine and serine decreased, whereas levels of cysteic
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acid, aspartic acid, glutamic acid and valine increased.
However, simple amino acids such as glycine and
alanine were not significantly affected by the bleaching
process under current conditions at the 95% confidence
level. When anionic surfactant was incorporated into
bleaching system, the differences in amino acid com-
position between the untreated and bleached wool
decreased, indicating less alteration to the fabric; the
composition closest to that of untreated fabric was
achieved with SLS.

CONCLUSIONS

The result of our evaluation of the influence of ionic
surfactants on the hydrogen peroxide oxidative bleaching
of wool fibre indicate that the presence of anionic and
cationic surfactants in the bleaching bath affect both the
bleaching efficiency and the extent of fibre damage.
Addition of anicnic surfactants improves the whiteness
and prevents fibre damage during bieaching of wool
under both acidic and alkaline conditions, whereas
cationic surfactants accelerate fibre damage without
promoting any marked increase in bleaching efficiency.
When the effects adding of anionic sodium n-
alkylsulphates with eight, 12 and 16 carbon atoms to the
bleaching bath were compared, we found that the
adsorption of anionic surfactant by wool increased with
increasing chain length. This was because increasing chain
length results in greater hydrophobic attraction between
the non-polar groups of the alkyl chain of the anionic
surfactant and non-polar groups in wool protein. The
shielding action of adsorbed anionic surfactant, which
increases the negative charge on the fibre surface tends to
repel perhydroxy anions from hydrogen peroxide as well
as alkali hydroxyl anion, resulting in a reduction of fibre
damage. A 0.01 mol/l concentration of SLS (which has a 12
carbon atom chain) is particularly recommended as it

provides effective protection for the disulphide linkage of
wool and the same time as conferring a satisfactory
improvement in whiteness.
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