Easy-care finishing of silk fabrics with a novel

multifunctional epoxide. Part 1

Hu Cheng and Sun Kai

Dept of Textile Chemistry, China Textile University, Shanghai 200051, PR China

A new easy-care finishing method for silk fabrics with a multifunctional epoxide has been investigated.
A two-bath/two-stage treatment improved the wet crease recovery angle from 200 to 280°. The most
effective catalyst was found to be sodium carbonate. The breaking strength of the finished silk
increased, while the stiffness and moisture regain changed slightly. Finished silk fabrics had good
laundering durability: after 20 cycles of home laundering, and wet resiliency retained 95% of the initial
value. Handle and lustre were virtually identicial to those of untreated control sampies.

INTRODUCTION

Among natural and synthetic fibres, silk is widely
regarded as a luxury material, because of its excellent wear
comfort and elegant appearance. Unfortunately, its major
weakness - a very low wet resiliency — results in it making
a relatively small contribution to total world fibre
production [1,2]. The poor wet resiliency of silk is due to
the fibre's lack of cystine residues and the resultant
absence of chemical crosslinkages between the protein
polymers. When the fibre absorbs water and swells, the
salt linkages between polymers, which give the fibre high
dry crease recovery, are broken [3]. Hence, silk wrinkles
easily during home laundering or when wet.

Since the beginning of the 1970s, a considerable amount
of work has been carried out on ways to chemically
modify silk to improve its performance. Effective
modification techniques include graft-copolymerisation of
vinyl monomers onto silk fibres [2,4-6] and reaction with

epoxides and dibasic anhydrides [7,8]. The reaction with
epoxides seems likely to take a leading role in practical
industrial application, and there has been much research
in this area, particularly into ways of using it to improve
the crease-resistant property of silk fabrics [9-13].

Epoxides are known to react with amines, alcohols,
phenols, carboxylic acids and thiols. Protein fibres contain
aminc acid residues with functional groups of all these
types. Chemical modification of silk with epoxides is based
on the mechanisms of these reactions. Conventional
treatment is carried out with an epoxide organic solution
at 60--80 °C. Since the use of organic solvents has
drawbacks such as envirecnmental pollution and hazard to
health, an alternative pad-batch method has been
developed [10,12].

Amino formaldehyde resins such as trimethylol
melamine have also been used in the crease-resistant
finishing of silk [1,14], but have one major disadvantage:
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the formaldehyde that they release. Recently developed
non-formaldehyde methods use polycarboxylic acids,
mainly citric acid and 1,2,3,4-butane tetracarboxylic acid,
as crosslinking agents [3,15]. However, the curing temp-
eratures required (up to 170 °C) may affect the intrinsic
physicochemical and mechanical properties of the fibre.
Such methods also bring problems of high cost and
decreased whiteness and handle softness.

The aim of this study was to improve wet resiliency of
silk with the epoxy resin EPTA, which was synthesised in
our laberatory, using a new wet finishing method. The
optimisation of the finishing procedure and conditions,
and the mechanical and other important properties of the
finished silk are reported.

EXPERIMENTAL

Materials

Silk habutac (plain woven, 36.5 g/m?) fabrics were used for
all finishing methods. The muiti-functional finishing agent
epoxy resin EPTA (1) was prepared in water solution {solid
content 60%).
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Measurements

Crease recovery angle (CRA, warp plus fill) was measured
on the YG541A crease-recovery apparatus, which is
similar to that used in AATCC test method 66-1968.

For the wet CRA (WCRA) measurement, the test fabric
was immersed in distilled water containing 2 g/l nonionic
wetting agent Peregal O, and the excess liquid removed
between sheets of blotting paper before testing.

Breaking strength was determined by ASTM D1682-64.
Laundering durability was evaluated by AATCC test
method 124-1984. The stiffness of the fabric was tested
according to ASTM D1388-64. Changes in fabric whiteness
after finishing were measured on a ZBD whiteness meter.
Fabric moisture regain was determined in terms of the
weight difference between the fabric under standard
conditions (25 °C, 65% RH) and bone dry.

RESULTS AND DISCUSSION

Determination of finishing methods
In order to choose the best wet-finishing method, four
different processes were compared:
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One bath and one step (method 1)

Silk fabric was treated at 70 °C for 15 min with an aqueous
solution of 70 g/l EPTA and 6 g/l potassium thiocyanate
(liquor ratio 40:1).

Pad-batch (method 2)

Silk fabric was padded with an aqueous solution
containing 70 g/l EPTA and 4 g/1 sodium hydroxide (wet
pick-up 100%). The padded fabric was then sealed in
polyethylene bags and stored for 24 h at room temper-
ature (22.°C)

Two baths and two steps (method 3)

(a) Samples were padded twice with a 70 g/l EPTA
aqueous solution at about 100% wet pick-up, dried at
40 °C for 3 min, then treated with a 6 g/l potassium
thiocyanate aqueous solution for 15 min at 70 °C
(liquor ratio 40:1)

{b) Samples were padded twice with a 6 g/l potassium
thiocyanate aqueous solution at about 100% wet pick-
up, dried at 40 °C for 3 min, then treated with 70 g/l
EPTA aqueous sotution at 70 °C for 15 min (liquor ratio
40:1).

Figure 1 shows that method 3a results in remarkable
improvement in the wet resiliency of silk fabrics. This
method has the advantage that the solution of finishing
agent EPTA is stable and can be used continuously
because the finishing agent and catalyst are in separate
baths.

According to conventional crease-proofing theory, the
changes in dry and wet resiliency of finished fabric are
determined by the crosslink distribution. In the wet state,
fibres are fully swollen and increase the space between
macrochains in the region of low lateral order. Because the
molecular length of the finishing agent is limited,
crosslinking only took place in the region of high lateral
order region, and thus improved the wet resiliency, while
the dry resiliency remained unchanged.

In method 3a, if the padded fabric is not dried but
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Figure 1 Effect of finishing methods on the resiliency of silk fabrics
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Figure 2 Effect of catalysts on the wet and dry CRA of treated silk
fabrics (for key see Figure 1)
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Figure 3 Effect of EPTA concentration on the wet and dry CRA of
treated silk fabric

Table 1 Relation between sodium
carbonate concentration and wet and
dry resiliency of treated silk fabric

Sodium
carbonate DCRA WCRA
concn (g/1} (degrees) (degrees)
4] 2326 274.0
8 222.0 279.2
10 216.2 2757

Finishing method 3a, EPTA concentration
100 g/

treated directly in the catalyst solution, the dry CRA
(DCRA) and WCRA of the finished fabric are 220° and 230°
respectively: both lower than when the fabric is pre-dried.
This is possibly due to part of the resin EPTA in the wet,
padded fabric diffusing into the catalyst solution before
crosslinking with the fibres.

Catalyst selection

Silk fabric was padded twice with a 70 g/l EPTA aqueous
solution at 100% wet pick-up, dried at 40 °C for 3 min, then
treated for 15 min at 70 °C with various 6 g/l aqueous
solutions of various catalysts (liquor ratio 40:1). The results
are shown in Figure 2.

Although others have reported that the most effective
catalysts in the reaction of epoxides with protein fibres are
potassium or sodium thiocyanate [2,9], we found sodium
carbonate to be more effective than this potassium salt.
This may be due to different catalytic mechanisms.

Concentration of EPTA and sodium carbonate

Figure 3 shows that increasing the EPTA concentration
beyond 100 g/l resulted in very little further increase in the
WCRA of the finished fabric. There is no further
improvement in wet resiliency because the crosslinking
becomes saturated at this concentration.

As shown in Table 1, the WCRA of the finished fabric
varied little when the sodium carbonate concentration
was between 6 and 10 g/l. However, the DCRA decreased
as the sodium carbonate concentration increased, so 8 g/l
was considered to be the optimum concentration.
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Figure 4 Wet and dry CRA of the finished fabrics as a function of
treatment temperature (for key see Figure 3)
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Figure 5 Influence of treatment time on wet and dry CRA (for key see
Figure 3)
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Table 2 Physical properties of finished silk fabric

Breaking
Add-on  strength Elongation
(%) (mPa) (%) Whiteness
Finished 8.5 396 19.6 70
Untreated control 350 19.3 72

Silk fabric was padded twice with & 100 g/l EPTA at 100% wet pick-up, dried at
40 °C for 3 min, then the fabric was treated with 8 g/l sodium carbonate at 76 °C
for 15 min

Table 3 Crease recovery
angle (degrees} of the finished
silk fabric after washing

Washing

cycles DCRA  WCRA
0 2437 2840

10 276.8  238.0

20 2327  270.0

Treatment time and temperature
Silk fabric was padded twice with a 100 g/1 aqueous
solution of EPTA at 100% wet pick-up, dried at 40 °C for 3
min, then treated with a 8 g/l sodium carbonate at various
temperatures for 15 min (Figure 4) or at 75 °C for various
times (Figure 5), liquor ratio 40:1.

As the treatment temperature was increased, the
WCRA of the finished fabric increased up to around 90 °C,
after which it decreased. This is because two competitive
reactions occur simultaneously in the catalyst sodium
carbonate aqueous solution: the crosslinking of EPTA with
silk fabric and the hydrolysis of EPTA. If the temperature is
too high, the rate of hydrolysis of EPTA becomes too great
and this reaction predominates. We therefore chose 75 °C
as the optimum treatment temperature.

The wet resiliency of the treated silk fabric reached its
maximum value with a treatment time of 15 min.
Prolonging the treatment time results in the hydrolysis of
linkages between fibroins, and a lower WCRA.

Changes in physical properties after finishing

The most interesting feature of this study is that the
treatment improved the breaking strength of the finished
silk fabric with little effect on the elongation (Table 2). Itis
known that resin finishing of cotton almost invariably
results in a significant decrease in fabric strength.

The whiteness of the finished fabric was 2.8% lower
than that of untreated fabric.

Durability to home laundry

Table 3 shows that EPTA-finished silk fabric has very good
laundering durability. After 20 cycles of standard home
laundry, the wet resiliency of the finished fabric only
dropped by 5%. This durability is due to EPTA's multiple
epoxy groups which allow it to form covalent cross-
linkages between silk fibroins.

CONCLUSIONS

The most effective method of finishing silk habutae with
epoxy resin EPTA uses two baths and two steps. Optimum
process procedures and conditions are padding the fabric
with a 100 g/l EPTA aqueous solution at 100 to 120% wet
pick-up, drying it at 40 °C for 3 min, then treating it with a
8 g/l solution of sodium carbonate at 75 °C for 15 min, at a
liquor ratio of 40:1.

The process had little effect on the dry resiliency of the
finished silk fabric, but improved the wet resiliency from
200 to 280°. This new wet finishing method does not
impair the silk’s handle, lustre or drapability. The breaking
strength of the finished fabric was greatly improved.
Moisture regain and whiteness decreased slightly while
stiffness was somewhat higher than that of untreated
fabric.

Epoxy resin EPTA is a non-formaldehyde crease-
resistant finishing agent, which can provide silk habutae
with wash and wear properties. The new finishing
method has no exira requirements for manufacturing
equipment, and is economical and practical for mass
production.
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