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ABSTRACT

Silk, the only natural fibre available in the filament form has been known for
its lustre, sheen, handle and good mechanical properties. Unique characteristics such
as scroopiness and rich aesthetics are the reasons for its status among the textile
fibres. India being the second largest producer of silk in the world has a great
potential for the export of silk, silk articles and garments. It is felt that an
understanding of the structure and properties of different varieties of Indian silk
through a proper scientific study would go a long way to serve the needs of this
industry.

The present thesis is a compilation of the detailed investigations on the
structure and propertics of five varieties of Indian silk, two mulberry and three non-
mulberry, with a major emphasis on the correlations between their structure and
properties.

The broad framework of the thesis has been designed on the following premise:

“The mechanical properties and relaxation parameters of silk in general
depend on the microstructural morphology which in turn must depend upon the
chemical architecture of the fibres. The dyeing behaviour too must be governed by
some of the above structural and molecular characteristics”.

This means that it should be possible to establish some correlation between
various structural features of silk fibres and the properties thereof.

The first part of the study involving the measurement of the macro
characteristics, such as filament length, degumming loss, denier, cross-section,
moisture regflin etc. reveals significant differences among the different varieties.

Interestingly, large differences have been observed in all these parameters along the
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filament length also. It is observed that while the denier of the filament decreases
considerably from the outer to the inner layers, the density increases concomitantly.
Surprisingly, the gum content in outer layers is considerably higher than that found in
the inner layers of cocoons and reduces gradually as one moves towards the inner
layers. Compared to 1115n—1nulberry varieties the mulberry silks demonstrate lower
moisture regain. This too is found to reduce as one moves from the outer to the inner
layers. Electron micrographs of all the non-mulberry varieties show micro voids.

In the next part of the study the amino acid composition of the different
varieties using reverse phase HPLC technique has been determined and analysed. In
both the varieties of mulberry silk, glycine, alanine and serine constitute about 82% ol
the amino acids, while in the non-mulberry variéty, these are about 73% with a very
high propﬂort:ion of alanine. The non-mulberry varieties show a substantial proportion
of amino acids with bulky side-groups. The higher hydrophilic to hydrophobic amino
acid ratio (0.35-0.44) has been shown to be responsible for higher moisture content of
non-mulberry silks. Cystine and metheonine are present in all the varieties. The higher
intrinsic viscosity of non-mulberry varieties suggests higher molecular weight of these
varieties. It has been established that there is no difference in chemical architecture
between the outer and inner layers of cocoons, despite differences seen in the macro-
characteristics.

Microstructural analysis involving measurement of crystallinity, crystallite
size, crystallite orientation, birefringence, sonic modulus and dichroic ratio, reveals
that all the microstructural parameters substantially increase from the outer to the
inner layers. As expected, different varieties of silk differ in respect of the above

- structural parameters, howeVer, despite genetically being different, the three non-

mulberry varieties demonstrate striking similarities in terms of crystal structure and
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molecular architecture as determined by FTIR. The WAXD spectra of all the non-
mulberry varieties shows two major diffraction peaks at 26 value of 17° and 21° as
against one for mulberry at 20 value of 20.5°. Similarly, the FTIR spectra at 0°
polarizer angle shows one peak at 965 cm™ for all the three non-mulberry as against
two peaks at 998 cm™' and 976 cm™ for the mulberry variety. Higher alanine content
as also more amount of bulky amino acid residues do seem to play a definite role.

The tensile properties, viz., tenacity, elongation and initial modulus too have
been found to vary substantially along the length of the filament. The tenacity and the
initial modulus increase while the extension-at-break reduces in all the varieties as
one move towards the inner layers. Typical stress-strain behaviour showing a
characteristic yield point has been observed in all the three non-mulberry varieties. It
has been observed that within a single variety the mechanical properties and the
structural parameters correlate exceedingly well. The global correlation involving all
the varieties is not good. However, if one segregates these into two groups (mulberry
and non-mulberry), the group wise correlations are excellent.

All the silk varieties show the inverse stress relaxation behaviour.
Interestingly, the stress relaxation and inverse stress relaxation rates have been found
to give very good global correlation with the structural parameters even when all the
varieties are taken together. The higher is the crystallinity, the lower is the magnitude
of the relaxation rate; the sign depends on the nature of relaxation.

These silk groups behave differently to the thermal inputs too. The DTA
thermograms (under nitrogen) of mulberry silk fibres exhibit a first broad endotherm
at around 62°C due to the evaporation of water. Thereafter, these fibres arc stable upto
about 280°C, followed by a prominent endothermic peak at around 320°C, which may

be associated with onset of decomposition. As against the mulberry silks, all the three
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non-mulberry silk fibres exhibit two more transitions at around 230°C and 300°C
‘respectively, may be associated with some molecular rearrangement, followed by a
major decomposition peak at around 368°C. TGA and DSC analysis also substantiates
these observations.

The studies related to dyeing clearly demonstrate the differences in dye uptake
between the varieties as also within a variety. The inner layers take up less dye
irrespective of the fibre. In general, the two mulberry varieties exhibit higher dye
uptake compared to non-mulberry varieties. Among the three non-mulberry varieties,
muga seems to be more resistant to the adsorption of dyes. The results of the dye
uptake measurements have been correlated with the end amino groups and the

intrinsic viscosity of the different silk fibres.
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