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nucleophilic reagent/cationic surfactant/
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A new sodium sulphite/cationic surfactant/cationic resin treatment, which prevents felting shrinkage in wool
fabrics, has been investigated. The presence of cationic resin in these treatments allows the use of lower reagent
concentrations and temperatures than emploved if the resin were not present. Furthermore its presence avoids
the loss of mechanical strength which takes place when the shrink-resist treatment is carried out without resin.

INTRODUCTION

It is known that treatments with solutions of sodium
sulphite or monoethanolamine sulphite have been used
to confer permanent set to wool garments or fabrics[1].
The reactivity of these reducing agents is enhanced by the
presence of either an organic polar solvent or an anionic
surfactant or a cationic surfactant, depending on the pH of
the bath [2,3].

Recently, it has been found that wool fabrics become
shrink resistant after a treatment with sodium sulphite
either in an aqueous isopropanol medium or in the
presence of a cationic surfactant in an agueous me-
dium[4,5]. However, knitted wool fabrics treated with
sodium sulphite and cationic surfactant show a certain loss
in mechanical strength, and in an attempt to avoid this
disadvantageous effect the addition of a cationic resin in
the treatment bath has been studied.

EXPERIMENTAL

Materials

Wool fabric was supplied by the International Wool
Secretariat, Ilkley, i.e. botany knitted fabric, 72/2 tex,
cover factor 12.6. Wool samples were cleaned as
described elsewhere [5].

The cationic surfactants hexadecyltrimethylammonium
bromide (HTAB) and tetradecyltrimethylammonium bro-
mide (TTAB) were supplied by Merck; octadecyltrimethyl-
ammonium bromide (OTAB) was synthesised in our
laboratories [6].

The cationic resin Hercosett 125 (HERC), a polyamide
epichlorohydrin pre-polymer, was supplied by Hercules
Powder Co. as an agqueous solution containing 125 g/l
active agent. In this paper the concentration of the HERC
is expressed as a percentage of solid resin on weight of
wool (o.w.f.).
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Treatments

Cationic surfactant and sodium sulphite were dissolved in
deionised water at the desired temperature, then the resin
was added. Wool samples were immersed in the solution
and the flask placed into a stirred, thermostatically
controlled bath for a given period of time; the ratio
between liqguor volume and weight of wool was 30:1 in all
cases. The pH values of the treatment solutions were in
the range 9.0-9.2. After the treatment the samples were
squeezed and cured in an air oven for 1 h at 80°C.

Methods
The amount of surfactant sorbed on the wool fabrics was
determined by the method described by De Boos and
Finnimore [7]. The area shrinkage determination was
carried out on treated wool samples according to the
appropriate IWS test[8], and a knitted wool fabric was
considered shrinkprcofed when the percentage area
shrinkage obtained after the washing test was less than
10%.

Mechanical resistance (bursting strength) was tested
according to BS4768:1972.

RESULTS AND DISCUSSION

Effect of resin concentration and temperature of
treatment on shrink-resistance values

Wool fabrics were treated at different temperatures {from
30 to 55°C) with sodium sulphite and a cationic surfactant
(HTAB) in the aqueous medium in the presence of
increasing amounts of the reactive cationic resin (HERC).
Experimental conditions are indicated in Figure 1, in
which the percentage area shrinkage after the washing
test is plotted as a function of temperature for difterent
concentrations of cationic resin. With no resin in the
treatment bath (dotted line) the area shrinkage decreased
as the temperature rose, but if some resin was present a
considerable reduction of area shrinkage was obtained in
the temperature range 40-55°C, independent of resin
concentration.
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Figure 1 — Area shrinkage as a function of freatment temperature
for different HERC concentrations; sodium sulphite concentra-
tion 5.0 g/I, HTAB concentration 5.0 g/l, time of treatment 1 h
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Clearly in the presence of resin adequate shrinkage
prevention was achieved at 45°C, while in those
treatments without resin a temperature of 55°C was
necessary.

During the treatments a significant amount of surfactant
was sorbed by the wool fibres. This fact has already been
noted for wool treatments with sodium sulphite and
cationic surfactant [5], and a relationship was observed
between the amount of surfactant sorbed and the
percentage area shrinkage.

The percentage area shrinkage and sorption values for
the cationic surfactant HTAB on knitted wool fabrics for
different treatments carried out with or without cationic
resin are indicated in Table 1. This shows that, at a given
temperature, the sorption of the surfactant decreased as
the concentration of HERC increased. Also, at a constant
resin concentration of 1% o.w.f., the sorption of the
surfactant increased as the temperature rose. Similar
behaviour was apparent for those treatments without
resin, but the presence of cationic resin reduced the level
of surfactant sorption.

TABLE 1

Percentage area shrinkage and amount of surfact-
ant sorbed®

Amount of Area
HERC concn Temperature HTARB sorbed shrinkage

(% owf) Q) (nmol/g wool) (%)
25 55 309 5
1.5 55 332 9
1.0 55 351 8

55 362 9
1.0 40 206 27
1.0 45 225 3
1.0 50 279 4
1.0 55 351 8
40 231 32
45 236 23
50 305 16
55 362 9

{a) Sodium sulphite concentration 5.0 g/l, HTAB concentration 5.0 g/l (411.5
umol/g wool}, ime of treatment 1 h

It is possible that the cationic resin in some way
complemented the anti-felting action of the cationic
surfactant; thus, as can be observed from Table 1, the area
shrinkage was less than 10% when the amount of
surfactant sorbed was greater than about 225 umol/g
wool. On the other hand, for treatments without resin the
sorption value of the surfactant had to be higher than
about 362 umol/g wool before similar shrinkage preven-
tion was obtained.

Influence of the nucleophilic reagent concentration
The presence of cationic surfactant in an aqueous sodium
sulphite treatment bath enhances the reactivity of the
cystine bond in wool fibres and improves the shrink-resist
properties. Therefore the effect of sodium sulphite
concentration on shrink resistance and on the mechanical
strength of treated wool fabrics was studied.

Effect of sodium sulphite concentration on shrink resist-
ance values

Wool fabrics were treated at constant concentrations of
resin and surfactant, at two different concentrations of



sodium sulphite (2.5 and 5.0 g/l) and at different
temperatures. The percentage area shrinkage as a
function of treatment temperature is represented in Figure
2. 1f the concentration of sodium sulphite was higher than
2.5 g/l the temperature did not affect the percentage area
shrinkage (always below 10%).
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Figure 2 Area shrinkage as a function of treatment temperature
for different sodium sulphite concentrations; HERC concentra-
tion 1.0% o.w.f, HTAB concentration 5.0 g/l, fime of treatment
1 k (area shrinkage of untreated sample was 52%)

The percentage area shrinkage as a function of the
treatment time for the two sodium sulphite concentrations
mentioned above is presented in Figure 3. At 55°C a
treatment time of 15 min was sufficient to achieve an area
shrinkage of about 10%, but at 50°C this had to be
increased to at least 30 min. Since, for both sodium
sulphite concentrations, treatment times longer than 30
min and temperatures higher than 50°C did not influence
the percentage shrinkage, it should be feasible to reduce
the concentraion of the reagent to 2.5 g/l.
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Figure 3 — Area shrinkage as a function of treatment time at
different temperatures and sodium sulphite concentrations;
HERC concentration 1.0% o.w.f., HTAB concentration 5.0 g/1

Figure 4 shows the percentage area shrinkage for two
different concentrations of resin as a function of HTAB
concentration. Sodium sulphite concentration was kept
constant at 2.5 g/1. The shrink-resist effect of the treatment
at 2.5% o.w.f. HERC concentration was independent of
the surfactant concentration, but at 1% HERC concentra-
tion the concentration of HTAB had to be higher than
5.0¢/] to confer shrink resistance to wool fabrics.

30~
+
s
g 20+
£
£~
¢ +
2
< W0
— o
\t
1 1
25 3.3 5.0

HTAB concentration, g/l

HERC concn (% o.w.f.)
+ 1.0
® 25

Figure 4 — Area shrinkage as a function of HTAB concentration
for different HERC concentrations; sodiumn sulphite concentra-
tion 2.5 g/l, time of treatment 1 h, temperafure 50°C

Effect of sodium sulphite concentration on the mechanical
strength of wool fabrics

Bursting strength was determined on untreated and
treated wool samples. The results and experimental
conditions are indicated in Table 2, in the final column of
which a positive sign indicates an increase in the
mechanical strength of the treated samples in relation to
the untreated one, and a negative sign the opposite.

TABLE 2

Bursting strength of treated knitted wool fabrics'®

Sodium Area Strength
sulphite HERC concn shrinkage variation
concen {g/1) (% o.w.f) (%) {%)
2.5 20 - 4
2.5 1.0 4 +12
25 25 6 +26
50 15 -13
50 1.0 5 —12
5.0 25 1 -10
Untreated sample 52 0

{a) HTAR concentration 5.0 g/l, time of treatment 1 h, temperature 50°C

The presence of the HERC resin in the treatment bath,
in addition to affecting the shrink resistance of wool
samples, also conferred an increase in strength. This
improvement was not obtained when the sulphite
concentration was 5.0 g/l. Possibly in this case the
decrease in mechanical strength promoted by the nucleo-
philic reagent was not compensated for by the polymer-
ised resin on the wool fibres.

The low level of cystine disulphide bond reduction i5]
does not explain the loss of mechanical strength under-
gone by the treated samples. Thus it is supposed that the
presence of sodium sulphite and surfactant causes bonds
other than cystine, such as hydrophobic and ionic bonds,
to be modified.
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Optimised conditions

The results given above underline the importance of
sodium sulphite concentration. Optimum conditions thus
established are as follows: sodium sulphite concentration
2.5 g/!, HTAB concentration 5.0 g/1, HERC concentration
1.0-2.5% o.w.f,, time of treatment 30 min and tempera-
ture 50°C. These experimental conditions are valid for the
type of wool fabric used in this work. They may be
applicable to other kinds of wool fabrics, but since the
percentage area shrinkage depends on the characteristics
of the fabric it would be necessary to check the
effectiveness of the treatment for each type of fabric.

Influence of surfactant alkyl chain length
To widen the applicability of the method to commercial
cationic surfactants, the influence of the alkyl chain length

TABLE 3

Percentage area shrinkage of knitted wool fabrics
treated with sodium sulphite and cationic surfact-
ants of different alkyl chain lengths®

Cationic HERC conen Area shrinkage
surfactant (% o.w.f) (%)
TTAB 20 2
HTAB 20 0
OTAB 2.0 18
Untreated sample 52

{a) Sodium sulphite concentration 2.5 g/1, surfactant concentration 5.0 g/l, time of
treatment 1 h, temperature 50°C

on the effectiveness of these treatments was investigated.
The area shrinkage values of wool samples treated with
TTAB, HTAB and QOTAB are listed in Table 3.

The effectiveness of TTAB in conferring shrink resist-
ance to wool fabrics was similar to that of HTAB, but
OTAB did not give worthwhile shrink resistance. These
results show that the hydrophobic chain of the cationic
surfactant plays an important role, as previously observed
with sodium sulphite/cationic surfactant treatments [9].

CONCLUSIONS

A new non-damaging treatment has been described for
the shrink-resist finishing of wool fabrics, employing a
reducing agent (sodium sulphite), a cationic surfactant and
a cationic resin (Hercosett 125) in the same aqueous bath.
The simultaneous presence in the treatment bath of the
cationic surfactant and the cationic resin permits a
decrease in both the concentration of the nucleophilic
reagent and the temperature of the treatment.
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