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Abstract

This research project is an attempt to make more benefit on using high density polyethylene
{HDPE} in making strong fiber. Generally, drawing of HDPE into strong fiber is limited by the formation
of defect in the fiber. The defect not only limits the maximum draw ratio but also limits the strength of
the fiber. In order to reduce, delay or even suppress the formation of this defect, it is essential to
understand the nature of it and, if possible, formation mechanism. In this project, the nature of this
defect was studied in some HDPEs of different molecular weights (MW) from local source. |t was found
that the defect was formed in all HDPEs studied at a certain draw ratio, depending on MW. The higher
the MW, the lower the draw ratio at which defect was formed. The defect contains bands orienting
perpendicular to drawing direction and etched pockets between bands. At the formation point, the bands
separation is about 4-5 Lm for all HDi:’Es. When the sample was further drawn, HDPE with higher MW
would have larger separation while for the lower MW the separation remains roughly constant. AFM was
used to study local mechanical properties of band and etched pocket. It is suggested that
heterogeneous deformation had occurred and etched pocket is the area the material deformed more.
Solid state 13C—NMR was used to study average molecular dynamic of carbon atom in different regions in
the sample. It was found that, by using relaxation times as criterions, 7-8 components can be separated
depending upon draw ratic. A new component, which hasn’t been reported, was found in this work. It is
proposed that this component is composed of chains that are stretched taut and traverse non-crystalline
region. In addition, it was also found that the longitudinal relaxation time of crystalline region in high MW
HDPE increased sharply with increasing draw ratio. The change became less for lower MW. These
results indicate a very complex structure of drawn HDPE. Molecules in HDPE with different MWs
respond differently to drawing. This information was used to deduce the mechanism of defect formation.
The deduced mechanism was tested by preparing continuous fiber from HOPE blend of high and low
MWs. It was found that this HDPE blend could be drawn to higher maximum draw ratio than neat
HDPEs. As a result, fiber with higher modulus and tensile strength was obtained. in addition, alternative
method was used to suppress the defect formation in the fiber. This was achieved by incorporating of
organoclay into HDPE. Composite fibers were drawn to much higher draw ratio than fiber from neat
HOPE. Therefore fibers with higher modulus and tensile strength were obtained. The most striking
feature is that tensile strength of the composite fiber is much higher than that of neat HOPE. The
knowledgt; acquired from this project has been put to test by making a sufficient amount of high modulus
and tensile strength polyethylene fibers for fabrication of bulletproof composite armour. The test was

very satisfactory.
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