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Phase Development Mechanism of Nano-Periodic Structure Having Lozenge
Shape Induced by Deformation of Polyethylene
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Our previous study revealed that a nano-periodic crystalline/amorphous arrangement was homogeneously
developed by tensile drawing and subsequent annealing of ultra-high molecular weight polyethylene
(UHMW-PE) having the MW of 2 x 10°. A Lozenge crystalline blocks 40nm in edge appeared regularly packed,
producing the mesh-like amorphous channels Snm wide. The results of the small-angle X-ray scattering
(SAXS) measurements for the drawn sample gave the unique phase packing model. In the present SAXS
measurements in 2007B, we examined the morphological changes during drawing from UHMW-PE having
higher MW and narrower MW distribution prepared by metallocene catalyst system. In-situ SAXS patterns
recorded during drawing suggested that the similar nano-periodic structure composed of crystalline and
amorphous arrays formed during drawing. These results indicate that this unique morphology is common
feature of UHMW-PEs having a large amount of chain entanglements trapped on lamellar folds.
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Fig.1.
arrangement for UHMW-PE film having MW of 2 x
10° Tensile drawing was made at 80°C up to draw
ratio of 4 times. Scale bar, 300-nm. The draw
direction was vertical. The inset is an in-situ SAXS

Nano-periodic  crystal/amorphous  phase

image recorded during drawing. Color gradation
indicates scattering intensity.
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Fig.2. Series of in-situ SAXS patterns recorded for
the UHMW-PE film having MW of 1 x 10". Tensile
drawing was the same in Fig.1. (a) DR = 2.0 (b) DR =

3.0 (c) DR=4.0 (d) DR =4.5. The draw direction was
vertical.
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