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Japanese oak silk fibres have been treated with methacrylamide, and the dyeing behaviour when
using levelling acid and milling acid dyes has been investigated. Infra-red spectroscopy indicated that
a methacrylamide polymer skin was produced on the fibre surface at high levels of polymer add-on.
The methacrylamide polymer skin was dyed with the milling acid dye, although not dyed with the
levelling acid type. The penetration of the levelling acid dye into the fibres was not interrupted by the

polymer skin.

INTRODUCTION

Japanese oak silk fibres have useful properties which
cannot be found in the commercial mulberry silk fibres,
such as high porosity [1] and a degree of natural colour.
Therefore increasing attention has been paid recently to
these fibres in order to develop new textile products. At
the same time, Japanese oak silk fibres do present the
textile technologist with a number of inferior properties, as
do mulberry silk fibres, such as low crease resistance and
low resistance to abrasion during laundering. It has been
reported previously that crease resistance and durability
to laundering of Japanese oak silk fibres can be enhanced
by chemical treatment with methacrylamide (MAA) [2].

In this paper the dyeing behaviour of Japanese oak silk
fibres when dyed with levelling acid and milling acid dyes
following treatment with MAA is reported.

EXPERIMENTAL

Raw silk fibres from the Japanese oak silkworm (Antheraen
yamamai) were used. In addition raw silk fibres from the
mulberry silkworm (Bombyx mori) were used for
comparison. The fibres were degummed with enzymes as
described previously [3].

The chemical treatments were performed on these
fibres using MAA and ammonium persulphate of
laboratory reagent grade. The fibres were immersed in an
aqueous resin solution, consisting of MAA (0.8 moV/l) and
ammonium persulphate (0.05 mol/l), adjusted at pH 3.0
using sulphuric acid, for various periods at 50°C. The
liquor ratio was kept at 170:1. Then the fibres were
thoroughly rinsed with water and dried in air The
polymer add-on G was calculated from the increase in
weight of the fibres following MAA treatment (Eqn 1):
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where W, and W, are the weights of the dry fibres before
and after MAA treatment respectively.

Dyeing tests were carried out using two representative
acid dyes: CI Acid Orange 7 (levelling) and CI Acid Red
111 (milling). These were purified by recrystallising the
aqueous solutions of commercial acid dyes several times.
For dyeing with levelling acid dye, the dyebath was
adjusted to pH 2.3 using citric acid/sodium citrate buffer
(0.1 mal/l), at an initial dye concentration of 0.2 mmol/l. For
the milling acid dye, the dyebath was adjusted to pH 3.5
using acetic acid/sodium acetate buffer (0.1 mol/l), at an
initial dye concentration of 0.1 mmol/l. The MAA-treated
fibres (20 mg) were dyed for 24 h at 60°C, keeping the
liquor ratio at 10 000:1. The degree of dye exhaustion was
found by extracting the dye from the dyed fibres using a
25% aqueous pyridine solution and measuring the
concentration of the extracted dye photometrically.

An optical microscopic observation was made of MAA-
treated fibres which had been dyed for 3 h at 60°C, liquor
ratio 1000:1. The surface of the fibres was also examined
with a scanning electron microscope (JSM-T200, Nippon-
denshi) after gold coating. The surface of MAA-treated
fibres was characterised using Fourier transform infra-red
spectroscopy (FTIR). An FTIR instrument (FTIR8100M,
Shimazu) coupled to an attenuated total internal
reflectance accessory (ATR, KRS5) was used for the
measurements.

RESULTS AND DISCUSSION

The level of polymer add-on after the MAA treatment is
plotted against treatment time in Figure 1. The polymer
add-on can be seen to have increased almost linearly.

In order to investigate the precipitation of MAA
polymer on the surface of the fibres, the surface of the
MAA-treated fibres was characterised by IR spectroscopy.
In Figure 2 the IR spectra for the untreated and MAA-



treated fibres are compared. The IR spectrum of untreated
fibres showed absorption at 1230 and 1055 cm™. A new
absorption peak at 1205 cm! was produced when the
fibres were treated with MAA, which became stronger
with increasing polymer add-on, whereas the other two
absorption peaks became weaker. For the MAA-treated
fibres at a polymer add-on of 507%, the silk absorption
peaks were not observed, indicating that an effective MAA
polymer skin was produced on the surface of the fibres.

Figure 3 shows the scanning electron micrographs of
the surface of MAA-treated Japanese oak silk fibres.
Several cracks along the fibre axis were observed at
polymer add-ons higher than 100%. Figure 4 shows
optical micrographs of the same fibres with a polymer
add-on of 507% dyed with the acid dyes. When the fibres
were dyed with the levelling acid dye, only the central
region of the fibres was dyed. However, with milling acid
dye the whole of the fibre was dyed. Figure 5 shows an
optical micrograph of MAA-treated mulberry silk fibres at
a polymer add-on of 395% dyed with the levelling acid
dye. Again every region of the fibre was dyed.

It has been reported previously that the amount of
levelling acid dye adsorbed per unit mass of MAA-treated
mulberry and Chinese oak silk fibres decreases with
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Figure 1 Polymer add-on as a function of MAA treatment time on
Japanese oak silk fibres
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Figure 2 IR spectra of Japanese oak silk fibres at various levels of
MAA treatment
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Figure 3 Scanning electron micrographs of untreated Japanese oak
silk fibres (top), and the same fibres treated with MAA to 101%
polymer add-on (middle) and 507% polymer add-on (bottom); bars
correspond to 10 um

increasing MAA polymer add-on [2]. In Figure 6 the
amount of the levelling acid dye adsorbed per unit mass of
MAA-treated Japanese oak silk fibres is plotted against the
weight fractions of silk fibre in the treated silk fibres. The
weight fraction of fibre W; was calculated using Eqn 2:
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In Figure 6 the amount of levelling acid dye adsorbed can
be seen to increase in proportion to the weight fractions of
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Figure 4 Optical micrographs of MAA-treated Japanese oak silk
fibres with a polymer add-on of 507% dyed with the levelling acid (top)
and milling acid {bottom) dyes

Figure 5 Optical micrograph of MAA-treated mulberry silk fibres with
a polymer add-on of 395% dyed with levelling acid dye
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Figure 6 Amount of the leveliing acid dye adsorbed per unit mass of
MAA-treated Japanese oak silk fibres as a function of weight fractions
of fibre in MAA-treated fibres

fibre. It is clear that the levelling acid dye was not
adsorbed by MAA polymer on the treated silk fibres,
although the MAA polymer skin did not interrupt the
penetration of the levelling acid dye into the fibres.

In comparison, every region of MAA-treated mulberry
silk fibres at a polymer add-on of 395% was dyed with
levelling acid dye (Figure 5). It has been reported
previously that the amount of milling acid dye adsorbed
by MAA-treated mulberry silk fibres is virtually unaffected
by treatment with MAA [2]. This suggests that milling acid
dye can be adsorbed by the MAA polymer resin. The same
mechanism probably operates with treated Japanese oak
silk fibres at a polymer add-on level of 507%, since this
fibre was satisfactorily dyed with milling acid dye.

CONCLUSIONS

The dyeing behaviour of Japanese oak silk fibres treated
with methacrylamide (MAA) dyed with Jevelling acid and
milling acid dyes has been investigated. In order to
prevent a decrease in the dye adsorbed per unit mass of
MAA-treated silk fibres, the treated fibres should be dyed
with milling acid dyes.
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