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ABSTRACT

In this research project, the effects of some processing variables in the wet
spinning of éhitosan monofilament fibres have been studied in order to produce fibres of
controlled dimensions and properties. The chitosan raw material used was a
commercial product and was characterised in terms of its degree of deacetylation (DD
= 89.9% from chemical titration, 95.3% from solid-state 13C-NMR’), viscosity-average
molecular weight (I\_/Iv= 3.10 x 10° from dilute-solution viscometry) and thermal stability
(decomposition range = 230-250 °C from thermogravimetry). A 3% w/v chitosan
solution in 1% v/v aqueous acetic acid was used as the spin dope. The spin dope was
filtered by means of a stainless steel wire gauze and wet spun into a coagulation bath
containing 5% wh sodium hydroxide in a distilled water : ethanol (90 : 10 v/v) mixture.
Initiaily, the wet spinning process was conducted at different ram speeds (5, 10, 15 and
20 mm/min) and take-up speeds but at a constant spin stretch ratio of 1.00.
Subsequently, the ram speed was then fixed at 10 mm/min and the take-up speed
varied to give spin stretch ratios of 1.00, 1.24, 1.51, 1.76, 2.00 and 2.10. The mesh size

of the wire gauze was also varied from 100-, 150-, 180-, 200- and 300-mesh. The
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chitosan fibres were washed with distilled water and dried under vacuum at 60 °C for 4
hours. When using different ram and take-up speeds but at the same spin stretch ratio
(=1.00), the fibre diametér remained approximately constant (0.170 mm). However, the
fibre diameter decreased with increasing spin stretch ratio. It was also found that the
fibre diameter was affected by the mesh size of the stainless steel wire gauze which was
primarily used as a filter screen but also influenced the internal pressure profile within
the system. The fibres were characterised according to their physical appearance
(optical microscopy and scanning electron microscopy), morphology (X-ray diffraction)
and mechanical properties (tensile testing). The results s-howed that the fibres were (a)
slightly non-circular in cross-section due to compression while wet during take-up, (b)
mainly smooth in surface appearance but with some surface defects, (c) semi-
crystalline, although the % crystallinity could not be accurately determined, (d) partially
molecularly oriented depending on the spin stretch ratio, (e) hard with a relatively high
tensile strength (>150 MPa); the fibres with a spin stretch ratio of 1.51 using the 100-
mesh wire gauze exhibited a maximum average stress at break of 220 MPa, (f) quite
brittle as reflected in their extension at break of only 7.25%. The results obtained from
hot-drawing and annealing did not suggest that any significant improvements had been
brought about in the fibres mechanical properties. The main reason for this was
considered to be energy restrictions on molecular motion due to the inaccessibly high T,

(=200 °C) of chitosan.
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