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M Introduction

The textile materials are usually under
significant lengthwise stress during the
refinement processes. This results in con-
siderable shrinkage during subsequent
use because of the effect of the corre-
sponding relaxation forces. Mechanical
and chemical interventions provide pos-
sibilities for stabilising the dimensions
of the cellulose textile materials. The
chemical method leading to cross-linking
of the cellulose macromolecules through
the introduction of different products is
one of the most widely used. In this way,
the current state of the fabric is fixed
and subsequent shrinkage is hindered.
The cross-linking is usually achieved by
the application of chemical compounds
which are applied in the crease-resist fin-
ish of the fabric. The treatment proceeds
in the presence of lower concentrations
of the additive when shrinkage alone,
and not creasing decrease, is required. It
is known that a number of parallel reac-
tions leading to an essential decrease in
cloth stability [1,2] run simultaneously
with the main reaction of cross-linking
the cellulose macromolecules. When the
cross-linking agent and the correspond-
ing procedure are not correctly chosen,
the degree of whiteness is significantly
changed [3,4].

The aim of the present investigations is to
find out whether it is possible to decrease
the shrinkage of cotton and viscose fab-
rics by using a cross-linking agent of the
dimethyloldihydroxy ethylenecarbamide
(DMDHEC) type in the presence of dif-
ferent catalysts, and to follow the cross-
linking effect on some of these materials’
properties.

A Possibility for Shrinkage Decrease
of Textile Fabrics Made from Cotton

and Viscose Fibres

Abstract

This article presents experimental data concerning variation of the physico-mechanical
properties of cotton and viscose fabrics cross-linked with a modified product on the basis of
dimethyloldihydroxy ethylenecarbamide in the presence of different catalysts. The basic aim
is to decrease the shrinkage of the fabric, which is why relatively low concentrations of the
cross-linking agent are used. The results obtained are of definite interest, verifying the high
catalytic activity of the mixed catalyst MgCl, - citric acid - tartaric acid.
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M Experimental

The experiments were carried out with
the following materials:
100% cotton fabric with a surface
mass of 154 g m-2, leno weaving, a
linear density of the basic threads of
32 tex, a linear density of weft threads
23 tex, a warp density of 270 cm-1, a
weft density of 220 cm-1;
100% viscose crépe fabric with a sur-
face mass of 114 g m-2, leno weaving,
a linear density of the basic threads of
14 tex, a linear density of weft threads
14 tex, a warp density of 360 cm-1, a
weft density of 270 cm-1;
dimethyloldihydroxy ethylenecar-
bamide (DMDHEC) used as a cross-
linking agent:
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catalyst 1: melamin, an acidic donor
used in carbamide cross-linking;
catalyst 2: MgCly;

catalyst 3: MgCl, - citric acid - tartaric
acid (1:1:1);

catalyst4: citricacid-tartaricacid (1:1).

All the textile fabrics investigated were
treated by the dry cross-linking method,
which consists in:
single soaking of foulard in an aque-
ous solution of the cross-linking
agent at a temperature of 20°C, and a
squeezing degree of 80%;
drying at 130°C for 5 min;
thermal treatment at 150°C for 4 min.

The concentrations of the cross-linking
agent used are within the range of 5 to 30
g I-1. Tt is important to note that in case
of creasing decrease, the concentrations
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used usually range between 30 g 1I-1 and
50 g I-1. The catalyst’s quantity amounts
to 30% of that of the cross-linking agent.
In order to outline the effect of the cross-
linking agent and that of the catalyst on
the properties of the fabrics treated, this
procedure was followed in all the experi-
ments carried out.

M Results and Discussion

The effectiveness of the cross-linking is
evaluated by the total angle of relaxation
which follows the creasing, according to
BSS 9589-72 (the Somer method), by the
variation of the dimension (the shrink-
age) after machine washing according
to BSS ISO 6330, by the tensile strength
according to BSS ISO 5081, and by the
degree of whiteness according to BSS
EN ISO 105 JO2. The values obtained are
compared to those of the same indices
but concerning non-treated samples.

Table 1 shows the values of the indices
studied, depending on the concentration
of the cross-linking agent and the catalyst
type in case of a cotton fabric. It is seen
from Table 1 that the total angle of relax-
ation is increased from 16 to 78 degrees
when compared to that of the non-treated
sample. It should be noted that crease
resistance is only slightly increased
when the concentration of DMDHEC is
5 g I-land 10 g I-1. These results can be
explained by the insignificant quantity of
the cross-linking agent.

The shrinkage is considerably improved
when the cross-linking procedure is car-
ried out in the presence of DMDHEC at
a concentration of 30 g I-1 irrespectively
of the catalyst used. The shrinkage de-
creases even with lower concentrations
of DMDHEC (10 g I-! and 20 g I-1) if
catalysts 3 and 4 are used. A higher
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shows the drastic decrease in the ten-
sile strength when catalysts 3 and 4 are
used. This results from the high catalytic

Table 1. Effect of the catalyst type and the concentration of the cross-linking agent used on
some properties of the cross-linked cotton fabric. Shrinkage was measured with an accuracy
of £5% for all types of fabrics.

Catalyst, Cross-linking | Total angle Shrinkage Whiteness, activity and the lowerl pH. values of the
g agent DMDHEC, | of relaxation, warp, weft, % working solutlons.whlcl} 11.1 fact favour
gl degree % % cellulose hydrolysis. This is the reason
i Untrefaatf)?i Ccotton 97 35 3.0 783 to rec?ommend lower te.mp'eratures when
carrying out the cross-linking procedure.
1.5 5.0 113 -3.0 -3.0 78.3
Catalyst 1 | 199 129 20 29 788 Figure 1b shows the elongation varia-
6.0 20.0 137 2.0 -1.0 785 . . e
9.0 30.0 149 05 05 817 tion .w1th the c.ata.lysts. studied in a cotton
15 5.0 132 2.0 2.0 78.3 fabric cross-linking in th'e presence (if
o S5 |w e me | PG
6.0 20.0 153 2.0 -1.5 80.2 o ) .
9.0 300 168 05 05 812 material is lower in all the experiments
15 5.0 130 20 25 818 carried out when compared to tbat of
—— 3.0 10.0 132 10 15 81.0 il:;: untreated one, and morejover it cor
6.0 200 160 1.0 1.0 803 ponds to decreased tensile strength.
90 300 175 05 05 785 These effects are determined by the
15 5.0 100 20 20 78.8 abrupt decrease in the macromolecules’
Catalyst 4 3.0 100 133 15 15 78.0 'IIlOblllty re.sgltlng from the. cross-link-
6.0 20.0 148 10 10 770 ing. In addition, the formation of each
9.0 30.0 160 05 05 755 new covalent bond is connected with the

crease-resistance is reached with the ap-
plication of catalyst 3 when compared
to that with the rest of the catalysts
studied, provided that one and the same
concentration of DMDHEC is used. This
is due to the higher catalytic activity of
the catalyst mixture MgCl, - citric acid
- tartaric acid, most probably determined
by a synergistic effect. It is assumed that
the latter is connected with the formation
of a complex between the metal ion and
the organic acid.

It is known that cellulose threads turn
yellow on prolonged heating at tempera-
tures within the range of 105°C-120°C,
because of the accumulation of carbonyl
groups at C2 and C3, or as a result of the
presence of residues of wax-like sub-
stances. The degree of whiteness does not
significantly change in most of the cases

studied, which means that the short-term
temperature treatment does not affect the
threads’ structure. The only exception is
observed in the case of catalyst 4 applica-
tion, where the solutions are acidic (the
pH is ca. 2) and partial hydrolysis of the
cross-linked agent is possible. The latter
results in side products which affect the
samples’ whiteness.

Figure la illustrates the effect of the
different catalysts used on the tensile
strength in the process of cotton fab-
ric cross-linking with DMDHEC of a
concentration of 30 g I-1. All the other
samples investigated have a similar be-
haviour, although a tendency to tensile
strength variation is outlined. It is found
that it approaches that of the untreated
material upon decrease of the cross-link-
ing agent concentration. Figure 1 also

disruption of a great number of hydrogen
bonds. The energy of the latter is higher
than that of the newly-formed one.

The investigations carried out show that
the cross-linking with DMDHEC is ef-
fective at concentrations not lower than
20 g I-1 to 30 g I-1. This determines the
choice of the illustrative data for a vis-
cose fabric in this work. Table 2 shows
the values of the indices investigated for
a viscose fabric in dependence on the
cross-linking catalysts used. The data
are not comparable to those for cotton
fabric. The basic reason lies in the great
difference between the structures of both
fabrics.

For example, it is known that the amor-
phous regions accessible to physico-
chemical interactions are only about 20%
for cotton, while they are 50-60% for
the viscose fabric. Besides, the viscose
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Figure 1. Catalyst effect on the tensile strength (a) and elongation (b) of a cotton fabric; the cross-linking is carried out in the presence of
DMDHEC with a concentration of 30 g I,
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Figure 2. Catalyst effect on the tensile stren?th (a) and elongation (b) of a viscose fabric, the cross-linking is carried out in the presence

of DMDHEC with a concentration of 30 g I1.

threads have a lower average degree
of polymerisation (300-400), a lower
degree of orientation of the macromol-
ecules towards the threads’ axis, and a
lower number of hydrogen bonds when
compared to those referring to the natural
cellulose threads [5]. All these facts in
fact determine that the viscose structure
is more accessible. But it is also worth
mentioning that viscose fabrics are
known for their high creasing and shrink-
age, which usually reach to 12-16%.

The results in Table 2 also show that
the cross-linking degree is high, which
affects not only the relaxation angle
but the fabric’s shrinkage also. The de-
creased shrinkage effect obtained when
catalysts 2 and 3 are used is long-lasting,
and is most probably determined by the
stabilisation of viscose fabric structure
resulting from the formation of a great
number of covalent bonds. The varia-
tion in the tensile strength (Figure 2a)
is insignificant. It is likely that the total
energy of the bonds formed compensates
for that caused by the disruption of the

hydrogen bonds. The degree of whiteness
is not changed when compared to that of
the untreated viscose fabric.

Figure 2 shows the effect of the cata-
lysts studied on the tensile strength and
the elongation of a viscose fabric in the
case of cross-linking in the presence of
DMDHEC of a concentration of 30 g
I-1. A change in the indices followed is
observed only in the case of the applica-
tion of catalyst 3. This is probably due
to the presence of an acid in the work-
ing solutions, which catalyses not only
the cross-linking reaction but that of the
cellulose hydrolysis as well. The macro-
molecules’ mobility does not decrease
upon the introduction of a small number
of chemical cross bonds to the hydrate
cellulose threads. The changed values of
elongation of cross-linked samples in the
presence of catalyst 3 show that the reac-
tion results in the formation of a greater
number of covalent bonds. The latter
limit the macromolecules’ mobility,
which in turn leads to decreased tensile
strength and elongation.

Table 2. Effect of the catalyst type and the concentration of the cross-linking agent used on
some properties of the cross-linked viscose fabric. Shrinkage was measured with an accuracy

of £5% for all types of fabrics.
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The effect of HCHO quantity present
in the treated fabrics is not covered in
the present investigation because (i) the
cross-linking agent is of a low HCHO
content, and (ii) the concentrations used
are lower than those required for creas-
ing-resist finish.

M Conclusion

The cotton and viscose fabrics cross-
linked by a modified DMDHEC (of 20
g |-l and 30 g I-1) attain a long-lasting
effect of decreased shrinkage. The appli-
cation of the catalyst mixture of MgCl,
- citric acid - tartaric acid intensifies the
process of cross-linking, but this is also
accompanied by a considerable loss in
the cotton fabric strength. The use of the
citric acid-tartaric acid catalyst mixture is
linked with similar effects.

The structure of the viscose threads prob-
ably contains fewer hydrogen bonds,
which determines the higher resistance
towards the presence of acid when com-
pared to cotton threads. This leads to a
smaller strength loss when the cross-link-
ing is carried out with DMDHEC in the
presence of all the catalysts studied.
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