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Abstract. High pressure injection molded polyethylene (PE) rods are studied by ultra small–
angle X–ray scattering (USAXS) from synchrotron during the heating of the polymer. Injection of
a cool melt into a cold mold yields highly oriented PE rods with a core–shell structure. Samples
from both the core and the shell material are studied. The two–dimensional (2D) scattering patterns
are evaluated utilizing the multi–dimensional chord distribution function (CDF) analysis. From the
obvious evolution of the nanostructure during successive crystallite melting the sequence of pro-
cesses occurring during crystallization is elucidated. First nuclei are forming one–dimensional
lattices with short–range order along the fiber axis. From this row structure lamellae are growing
with wide lateral extension. An indication of an intermediate block structure is observed. Finally
two steps of insertion crystallization result in two long period halvings. Increase of the mold pres-
sure increases the lateral extension of the inserted lamellae in the shell material. In the core material
a uniform row structure is absent. Extended primary lamellae are forming stacks with decreasing
long periods before insertion crystallization takes over. But crystallites inserted in the core mate-
rial do not form extended lamellae. Each of these steps leaves its footprint in the nanostructure
and the corresponding scattering pattern. After CDF interpretation of the heating series the room
temperature pattern can be explained. The strong two–point pattern is associated with the primary
lamellae and the intensity ridge extending along the meridian is resulting from irregular insertion
of lamellae. When the row structure is observed in the CDF, the fiber pattern exhibits equatorial
scattering. Domain roughness generates a strong background scattering, which cannot be separated
in one step. For the presented material it is shown that iterative background subtraction eliminates
the scattering effects of the imperfect (i.e. inserted) lamellae.

Experimental. USAXS was performed at Hasylab, BW4. USAXS images were collected by a
two–dimensional Gabriel detector. The sample–to–detector distance was set to 12690 mm. The
minimal accessible scattering angle corresponded to a d–spacing of 860 nm. The maximal scatter-
ing angle corresponded to 16 nm. Patterns were recorded for 90 s. Data storing took 30 s. Heating
rate was 2 or 5oC/min.

Results. Measurement of the data and a dissatisfying data evaluation have been reported earlier
[1]. In fact, these data initiated the effort to develop the multidimensional CDF method [2]. Figure 1
shows the 3D–CDFs of the shell zone sample at selected temperatures “viewed from the top´´.
Gain of contrast from thermal expansion and the lamellar system can be observed in the top two
drawings. In both the bottom drawings the superposition of a row structure (and single lamellae)
is obvious. Figure 2 exhibits basic features of the crystallization process, when interpreted from
high to low temperature: Crystallization from a row structure. Lamellae formed from blocks. Long
period halvings by two insertion steps. The paper has been submitted [3]. Preprints are available
from www.chemie.uni-hamburg.de/tmc/stribeck/pub
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Figure 1: Shell zone of the PE rod: 3D chord distributions with fiber symmetry,z(r) as a function
of temperature during sample heating
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Figure 2: Shell zone of the PE rod: contour plots of the 3D chord distributions with fiber symmetry,
−z(r) as a function of temperature during sample heating
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