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Cationic softeners are surfactants which, when added 1o the last rinsing during the washing of textile
materials, impart a series of desirable properties, whose intensity depends on the sorption process.
This sorption becomes more effective if the product is used in microemulsion form, as its penetration
is facilitated in the textile substrate. The sorption kinetics of various catienic softeners (difatty
alkylammonium and amidoimidozoline compounds) on cotton towel fabric have been studied as a
function of water application temperature. The chemical structure of the softener is also considered.

INTRODUCTION especially cotton, to improve the wash fastness of direct
In the 1930s it was discovered that various types of  dyes [1]. At present similar cationic products are widely
cationic compounds could be applied to textile fibres, — used as textile softeners, capable of imparting properties
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sought by the consumer, particularly improved fabric
handle [2]. Repeated domestic laundering of these treated
textiles in hard water leads to the deposition of insoluble
calcium salts on the surface, causing a gradual loss in
softness, which can only be restored by using further
fabric softeners.
Cationic softeners predominate in the market over
other groups for several reasons {3]:
(a) They give a higher degree of softness per applied
weight at relatively low concentrations
(b} They can be used on almost all fibres and are easy to
apply
(c) They have a characteristic handle that is popular with
consumers
(d) In some cases they improve breaking strength, tear
strength and resistance to abrasion.

If the softener is in microemulsion form, then it penetrates
readily into the interior of the fabric structure, giving
better results than can sometimes be achieved with the
larger particle size of more conventional products [4,5].

For the above-mentioned reasons, the object of this
paper was to study the sorption kinetics of various types
of cationic softeners present in microemulsion form on
cotton towelling fabric.

EXPERIMENTAL

Materials

A 100% looped cotton towel fabric from Serra and

Figueras (Barcelona} was employed:

(a) Fabric weight: 380 g/m>

(b) Base warp: two-fold 24 tex, loop yarn: 35 tex, weft: 40
tex

(c) Fabric set: 20 ends/cm and 16 picks/cm

(d) Warp/loop ratio 2:2.

The fabric was scoured and chemically bleached. After the
removal of impurities and before use, it was rinsed three
times in distilled water. The softeners used were:

(@) Distearyldimethylammonium chloride (DSDMAC)
supplied by KAO Corpn SA (Barcelona): 75% active
material, free amine and amine chloride hydrates less
than or equal to 1%, average rm.m. 563, initial
concentration in microemulsion form 34 g/1 [6]

(b) Difatty alkylhydroxyethylmethylammonium methyl-
sulphate (DSEMAMS) supplied by KAO Corpn: 85%
active material, average rm.m. 800, initial con-
centration in microemulsion form 38.2 g/1 [6]

(¢) Distearylamidoethymethylimidazoline methylsul-

phate (DSAEMIMS) supplied by Schering and Rewo
Quimica SA (Barcelona): 75% active material, average

rm.m. 732, initial concentration in microemulsion
form 34.1 g/ [6].

Procedure
Sorption kinetics were investigated in a round-bottom 450

ml glass flask, submerged in water. A perforated stainless
stee] hollow cylinder 16 cm long and 2.6 cm in diameter
was introduced into the flask, around which was wrapped
the cotton towel fabric. The cylinder was attached to a
stirrer {type RW 20DZM, Ika-Werk, Germany) and along
with the fabric rotated at a constant speed of 149 min! in
the softening bath, until the softener was fully sorbed by
the fabric.

Sorption of the softeners on cotton towel fabric at
constant temperature, without washing and after 50 wash
cycles, was measured under the following conditions:

(a) Softener concentration: 0.3% o.w.f. (3 g per kg fabric)

(b) Temperatures of sorption isotherms; 25, 32.5, 40 and
60°C

(€) Quantity of the material per test: 14 g

(d) Liquor ratio 15:1

(e) pHé.

The concentration of softener remaining in the bath was
determined after each experiment. This was done by a
two-phase evaluation method, averaging at least two
determinations [7].

The particle size of the microemulsion products was
less than 100 nm, determined on a Zetasizer 1II light
scattering apparatus (Malvern, UK).

The fabric was laundered in an automatic washing
machine (Miele Hydromatic W700) for 30 min at 30°C
using 4 g/l ECE reference detergent, followed by four
rinses in hard tap water.

RESULTS AND DISCUSSION

Sorption kinetics of cationic microemulsionated
softeners

The results of sorption rate investigations for DSDMAC,
both without washing and after 50 washing cycles are
shown in Figures 1 and 2; DSEMAMS and DSAEMIMS
showed very similar behaviour over the temperature
range studied. In all these experiments the exhaustion of
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Figure 1 Sorption kinetics of microemulsionated DSDMAC softener at
different temperatures on cotton fabrics, unwashed (initial
concentration 3 g/kg fibre, liquor ratic 15:1)
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Figure 2 Sorption kinetics of microemulsionated DSDMAC softener at
different temperatures on cotton fabrics, 50 washing cycles (for
conditions and key see Figure 1)

the softeners on the fabric achieved a level of at least 30%
(2.7 gfkg fabric) after 4 min, the sorption increasing with
increasing temperature.

Rate constants

To characterise the sorption process accurately, the
sorption rates obtained were fitted to an empirical
equation which allowed the corresponding rate constants
for each to be obtained. As in earlier work [4], the Cegarra-
Puente equation was used (Eqn 1) [8]:

m[l—QJ - Kt M
C.
where C_ = initial concentration
C, = softener concentration on cotton after time ¢
t = time :
K = rate constant.

Table 1 Rate constants for sorption of cationic softeners on
cotton at different temperatures without washing and after 50
washing cycles

Unwashed 50 wash cycles
Cationic Temp.
softener (°C) K r? K r
DSDMAC 25 0.4160 0.99 07216 0.98
325 05512 0.98 07943 0.99
40 0.6358 0.98 1.1368 0.9%
60 0.8304 0.99 16984 0.96
DSEMAMS 25 0.4580 0.99 05749 0.99
32,5 04959 0.99 0.6348 (.98
40 0.5489 0.99 0.7068 0.96
60 0.6137 0.98 0.8148 0.97
DSAEMIMS 25 0.7258 0.99 0.9501  0.99
325 0.7978 0.99 11013  0.99
40 0.9140 0.98 11571 0.99
60 1.0273 0.99 1.4725 0.98
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Eqn 1 gives a good correlation with the experimental
results (2 = 0.96-0.99); the rate constants and their
respective correlation coefficients are reported in Table 1.

Influence of inorganic salts

As can be seen from Table 1 and Figures 1 and 2, both the
rate constants and sorption increased on washed cotton
fabric, as compared with the unwashed fabric. This was
probably due to an increased amount of inorganic salts
introduced by repeated washing in hard water, and also to
the organic residues from the ECE detergent employed.
These residues were analysed and the results reported in
Table 2.

Table 2 Inorganic salts and organic residues on cotton towel
fabric [9]

Ingrganic Organic
Fabric salts (%) material (%)
Unwashed cotton 0.26+0.02 0.35+0.16
Cotton after 50 wash cycles  7.23+0.31 3.46 +0.08

The degree of polymerisation of the cotton was also
determined on unwashed and washed fibre, and it was
found that this did not change on repeated washing with
peroxide-free ECE detergent (Table 3). Hence it was
concluded that the increase in sorption was caused mainly
by the presence of inorganic salts.

Table 3 Degree of polymerisation of cotton towel fabric,
unwashed and 50 wash cycles

DP
Fabric Warp + weft Loop
Unwashed cotton 2090 2180
Cotton after 50 wash cycles 2130 2240

Influence of softener structure

From Table 1 it can be seen that the DSAEMIMS softener,
in general, gave highest rate constant values, while the
DSEMAMS softener gave the lowest values.

Temperature control

The sorption rate constants for all three softeners studied
increased with increasing temperature (Table 1). The
sorption process studied was adjusted by the Arrhenius
equation (Eqn 2):

K = Ko exp(-E/RT) @




where K = rate constant at temperature T
Ky = pre-exponential factor
E = activation energy
T = absolute temperature
R = gas constant.

The results of this adjustment for the DSDMAC softener
are shown in Figure 3; the other two softeners gave similar
plots. In each case the activation energy was obtained
from the slope of these plots, and the results are show in
Table 4. The outcome of these experiments demonstrates
that the sorption process obeyed the Arrhenius law quite
closely, based on the correlation coefficients obtained.
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Figure 3 Dependence of In K'as a function of 1/7, showing agreement
with the Arrhenius Law for the DSDMAC microemulsionated softener

Table 4 Activation energy of the cationic softener sorption
on cotton fabric, unwashed and 50 wash cycles

Unwashed 50 wash cycles
Cationic
softener E{kd/mol) r? E (kd/mol) 2
DSMAC 155 0.97 21.1 0.98
DSEMAMS 6.88 0.98 8.14 0.98
DSAEMIMS 8.23 0.97 9.96 0.99

If the activation energy is considered as an energy
increase needed by the molecule to be absorbed to cotton,
then the low values obtained suggest that temperature
had very little influence on sorption. On both washed and
unwashed cotton fabric the sorption efficiency of all three

products was high. However, it should be pointed out that
DSDMAC was in general slightly better in this respect
than the other two products.

CONCLUSIONS

Three different microemulsionated cationic softeners
(DSDMAC, DSEMAMS and DSAEMIMS) were sorbed
onto cotton towelling fabric (unwashed and subjected to
50 washing cycles) at 3 g/kg o.w.f. and temperatures of 25,
32.5, 40 and 60°C. Sorption increased with increasing time
and temperature. Exhaustion values of the softeners on
the fabric were higher than 90% after 4 min treatment for
all the softeners studied.

Cotton subjected to 50 wash cycles (and hence an
increase in the content of inorganic salts) showed higher
sorption of cations surfactants than did unwashed fabric.
The cationic softener DSAEMIMS (amidoimidazoline
compound) gave the highest values of sorption rate
constants at the temperatures considered, while the
DSEMAMS (difatty alkylammonium compound) softener
which gave the lowest values.

Increasing the temperature gave increased levels of
softener sorption, on both unwashed and washed fabric.
The activation energy calculated was low, and as such had
very little influence on the sorption process.
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