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The different stages of wool oxidation during the Dylan XCP permonosulphuric acid based
shrinkproofing process have been followed using second-order derivative Fourier transform infra-red
analysis. After oxidising wool with Caro’s salt, some of the cystine residues present were oxidised to
cysteic acid, but cystine-S-monoxide and cystine-S-dioxide concentrations remained the same. After
treating the oxidised wool with bisulphite, cysteine-S-sulphonate groups were formed and the fibre
acquired significant shrink-resistance to washing. The effect on shrink-resistance of reducing the
concentration cf cysteine-S-sulphonate groups was determined. It was found that when these
residues were reconverted to disulphide bonds the shrink-resist effect was lost.

INTRODUCTION

The Dylan XCP process involves oxidising wool fibres with
Caro’s salt (permonosulphuric acid salt) followed by
reduction with sodium bisulphite [1]. During the oxidation
reaction, cystine residues are modified and this leads to the
formation of sulphur oxides in the fibre [2]. It is believed by
some workers that the main products formed after the
oxidation step are the intermediates cystine-5-monoxide
and cystine-S-dioxide [3]. By using model compounds,
these intermediates have been shown fo be more suscep-
tible to sulphitolysis than the parent disulphide, and con-
sequently their presence at the surface of the fibre is
expected to accelerate the bisulphite stage of the XCP
process [4-6]. Cysteine-S-sulphonate groups are formed
within the fibre following the bisulphite stage of the
reaction, and the fibre acquires a degree of shrink-
resistance, sufficient to resist felting under mild household
washing conditions. Scheme 1 shows the generally
accepted reaction of cystine residues in wool with peracid/
bisulphite.
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In this study the effect of the XCP shrinkproofing
process on wool has been followed using second-order
derivative Fourier transform infra-red (FTIR-ATR)
spectroscopy [3,7]. In particular the effect of varying the
concentration of cysteine-S-sulphonate groups in wool on
shrink-resistance has been evaluated.

EXPERIMENTAL

Caro’s salt (KHSO;.KHSO,.K,S0,) was obtained from
Crosfield (Warrington, UK). Shetland lambswool knitted
pieces were donated by IWS (likley, UK). The FTIR
instrument was a Perkin Elmer 1725 coupled to an
attenuated total internal reflectance accessory (ATR,
KRS5). FTIR measurements were carried out as described
in an earlier paper [8].

Treatment of the wool knitted fabrics, involving
oxidation followed by a bisulphite reaction, was carried
out after pre-scouring for 30 min at 60°C with an aqueous
solution containing 1% Sandozin NIE (S), a nonionic
ethylene oxide surfactant. The samples were padded with



[0] HSO3~ Table 1 Characteristic IR band frequencies of sulphur—

W-5—8-W ——» W-80,-5-W ———— W-SSO5" oxygen groups in wool oxidised with Caro's salt
Cystine Sulphur Cysteine-S-
residue oxide sulphonate
IR band
W = wool protein Sulphur frequency  Mode of
oxide (cm™) vibration
Scheme 1
Cysteic acid 1049 S-0 (ss)
, . 1170 S-0 (as)
5% Caro’s s'a}t (0.25% active oxygen ow.f), pH 1.5, 25%C, at Cystine-S-monoxide 1060 S-0 (ss) (+)
a liquor ratio of 5:1, and dried at room temperature. The 1070 $-0 (ss) ()
dried fibre was then reacted with a 40 g/l solution of Cystine-S-dioxide 1124 S-0 (ss)
sodium hydrogen sulphite at pH 4, 30 min, 60°C, using a Cysteine-S sulphonate 1?58 2:8 Ezz))
liquor ratio of 20:1. Inorganic sulphate 1100 S-0O (ss)
Cysteine-S-sulphonate groups were removed from the Inorganic hydrogen sulphate 1048 S-0 (ss)

treated wool samples by treating with a 1% aqueous
solution of ethane thiol at 25°C, pH 8.5 (bicarbonate),
liquor ratio 20:1. The samples were thoroughly washed
after 3 h treatment to remove any ethane thiol from the
fibre.

Felting shrinkage measurements were carried out in
accordance with the IWS test method [9]. Samples of
knitted lambswool were marked at three points along
both the length and width of the sample; the distance
between each mark was 15.0 cm. Each sample was then
sewn to a double thickness in order to protect its edges
under laundering conditions. The samples were wet out
in a 1% solution of Sandozin NIE at 25°C and the distance
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between marks measured to the nearest millimetre. The Wavenumber, crm*
samples were washed in a 1 kg load (made up with
polyester weights) using 1 g/1 SM49 detergent. The total A i Garo's salt
liquor volume was 11 during the wash cycle. The samples C  Treated with Caro’s salt and bisulphite

were washed at 40°C on a 7A wash cycle and after each
cycle the samples were removed and the distance
between the marks measured. The same 7A cycle was 0.70
repeated four times, after which the untreated control was ) (a)
observed to have felted. Changes in length and width of
the samples were used to calculate area shrinkage (Eqn 1):

Figure 1 IR spectra of XCP wool
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where W = width shrinkage, %
L = length shrinkage, %.
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RESULTS AND DISCUSSION

Chemical changes in the knitted lambswool samples
following treatment with oxidising agent (Caro’s salt) and
sodium bisulphite (Dylan XCP conditions) were
monitored by FIIR spectroscopy. Figure 1 shows that
changes in the IR spectrum were limited to the fingerprint
region of 1200-1000 cm™, and many of these differences
may be associated with the sulphur-oxygen bond (Table _gg15 | i
1). The region 13001000 cm™! of Figure 1 is expanded in 1300 1200 1100 1000
Figures 2 and 3. Figure 2, which gives the FTIR spectral Wavenumber, cm™'

analysis before and after oxidation with Caro’s salt, (a) Zero-order spectrum of untreated (lower line) and
indicates that after oxidation the intensity of the bands oxidisad (upper line) wool

present in the region 1140-1000 Cm_l increased, with (b) Second-order derivative spectrum of oxidised wool
individual sulphur-oxygen bands being resolved by  Figure 2 IR spectra of oxidised wool
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differentiating the zero-order spectrum with respect to
wavelength to produce the second-order spectrum in
Figure 2(b).

Referring to Table 1, the most intense band present was
that at 1040 cm™!, due to cysteic acid, and this carries a
shoulder band at 1048 cm™! assigned to residual inorganic
hydrogen sulphate [8]. IR bands for the disulphide oxides
of cystine were also identified: two for the stereoisomers
of cystine-S-monoxide at 1060 and 1075 cm™! and one at
1124 cm™! for cystine-S-dioxide [2]. It has been shown that
the intensity of the cysteic acid band at 1040 em™ provides
a quantitative measure of its concentration, but it is not
possible to relate the band area of one sulphur-oxygen
group to another, because absorption coefficients may well
be different [8]. Despite this, relative changes within each
sulphur-oxygen group, shown in Table 2, suggest that the
main product of the oxidation stage was cysteic acid, the
concentration of which increased two-fold compared with
that in untreated wool.

Table 2 IR band area of cystine oxides in wool measured after
treatment with Caro’s salt and bisulphite

Second-order derivative FTIR band area

Cystine-S- Cystine-5- Cysteic Cysteine-S-

Sample monoxide? dioxide®  acid®  sulphonate?
Untreated 0.08 0.03 0.08 oM
4% Bisulphite 0.08 0.03 0.21
5% Caro'ssalt  0.09 0.04 0.13 0.
5% Caro's salt +

4% bisulphite  0.08 0.03 0.64
Band areas measured at
a=1060+1075¢cm™’ ¢ =1040 cm™
b=1124 cm™’ d=1023 cm™'

After oxidising wool with Caro’s salt, the sample was
treated with sodium bisulphite and then analysed by FTIR
(Figure 3). A new band at 1023 cm™ was produced,
characteristic of the cysteine-S-sulphonate group (Bunte
salt) [10]. The intensity of this band was three times that of
a sample treated only with bisulphite. Earlier workers
have related the effectiveness of the XCI* process to the
presence of intermediate disulphide oxides formed during
the oxidation stage [3]. However, in this study no evidence
was found to suggest that the concentration of cystine-5-
monoxide or -dioxide groups increases following treat-
ment with Caro’s salt (Table 2). Therefore a more
satisfactory explanation is needed to account for the fact
that an oxidation treatment is a prerequisite for attaining
high residual levels of cysteine-S-sulphonate on the fibre
following reaction with bisulphite.

The effects of cysteine-S-sulphonate concentration on
the dimensional stability of wool was also examined.
Oxidised and bisulphite-treated (XCP) wool was reacted
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with ethane thiol to attempt to remove the cysteine-5-
sulphonate groups by forming a mixed disulphide
(Scheme 2 and Figure 4). Following such a treatment the
intensity of the cysteine-S-sulphonate band at 1023 cm!
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(@) Zero-order spectra of axidised wool (A) and oxidised
and bisulphite-treated wool (B)
(b) Second-order derivative spectrum of B

Figure 3 IR spectra of XCP wool

EtSH
W-8503 ———» W-5—S—FEt
Cysteine-5- Mixed
sulphenate disuiphide

W = wool protein

W-S5—S-W + Et—S—S—Et

Scheme 2 Cystine
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A Ethane thiol treated
B XCP/ethane thiol treated
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Figure 4 IR spectra of ethane thio! treated wool




Table 3 Area shrinkage of knitted lambswool samples

FTIR band area
(1023 em1) Area
cysteine-S- shrinkage
Sample sulphonate (%) Comment
Untreated 0.01 32 Felted
1% Ethane thicl 0.01 32 Felted
4% Bisulphite 0.21 33 Felted
5% Caro's salt 0.01 26 Felted
5% Caro's salt +
4% bisulphite 0.64 12 Non-felted
5% Caro’s salt +
4% bisulphite +
1% ethane thiol 0.24 30 Felted

was indeed markedly reduced; it was expected that the
symmetrical disulphides including cystine would be
reformed by way of the unstable mixed disulphide.

The dimensional stability to washing of these samples
was determined (Table 3). It was found that, under
conditions favouring shrinkage in the untreated control,
XCP wool exhibited a significant degree of shrink-
resistance. However, a sample treated only with bisulphite
acquired no shrink-resistance, and XCP wool lost its
shrink-resistance when the concentration of cysteine-S-
sulphonate groups was reduced by reaction with ethane
thiol. These results show that a certain minimum number
of cystine residues present in wool must be cleaved to
hydrophilic Bunte salt groups during the bisulphite stage
of the reaction in order to impart a measurable level of
shrink-resistance to wool.

CONCLUSIONS

The effect of the Dylan XCP shrinkproofing process on
wool cystine can be followed by second-order derivative

FTIR spectroscopy. This study shows that after the first
stage of Caro’s salt oxidation, cystine residues are
converted to cysteic acid, and the concentration of cystine-
S-monoxide and cystine-5-dioxide groups do not change.
When this oxidised fibre is subsequently treated with
bisulphite, cysteine-5-sulphonate groups are formed and
the fibre acquires a degree of shrink-resistance. If the
concentration of these Bunte salt groups is then
chemically reduced by reforming cystine residues, the
above shrink-resist effect is lost.
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