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Characterization of injection molded HDPE using SAXS and WAXS
LINNEA RENSMO

Department of Physics

Chalmers University of Technology

Abstract

Plastic materials are used in many of our every day commodities. Its structure may
vary depending on which material it consists of and the applied process conditions.
The present work was carried out to contribute to the knowledge of the material
structure of a certain plastic material called high-density polyethylene, or HDPE,
produced through a manufacturing process called injection molding. The project
was carried out in collaboration with Tetra Pak® that uses HDPE as a component
in their packages.

The aim of the thesis was to characterize the structure of the material HDPE dur-
ing mechanical deformation. When the material is being produced the shearing
forces within the material in injection molding leads to a distribution of different
microstructures through the thickness of the material. The structures of the mate-
rial’s full thickness as well as the different layers, that were formed during molding,
were investigated. The structure of undeformed HDPE is relatively well-know, and
this work investigated how the structure changed after the material was subject to a
mechanical deformation. To get deeper insight into such changes, the material was
furthermore investigated with in-situ testing, of structural changes during mechan-
ical deformation.

The experimental characterization was performed by means of Small- and Wide-
Angle X-ray scattering (SAXS and WAXS) using both laboratory X-ray sources and
synchrotron X-ray sources. The scattering experiments showed different microstruc-
tures of HDPE on different length-scales. The structures on different length-scales
could be distinguished before and after the material had been deformed. During the
uniaxial in-situ tensile tests, the deformation sequence of the structures could be
monitored, and give an explanation of material behavior under mechanical stress.
This information contributes to the general understanding of deformation of plastic
materials.

Keywords: HDPE, Scanning SAXS/WAXS, in-situ SAXS WAXS, injection molded
polyethylene
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1. Introduction

erties. The long polymer chains in plastics can arrange in both crystalline and
amorphous regions in varying amount and therefore allow for different features of
the material. Furthermore, to produce plastic with the right amount of plasticity
and durability for food packaging it is vital to understand the structure and its
attributes.

The outlook of this thesis is to contribute to the understanding of polymer struc-
tures. More precisely a plastic called high density polyethylene, or HDPE, will be
investigated. HDPE is the material commonly used in Tetra Pak’s® packaging so-
lutions. To shape the investigated material, a process called injection molding is
used. Both HDPE and injection molding are presented in detail later in this work.
By themselves, they are widely understood, but as a conjunction more is to be
discovered. This work focuses on characterizing the structure of HDPE produced
by injection molding and how structures develop due to external forces, which is
significant for further development of the material. Tetra Pak® can furthermore use
the characterization to build computational models of polymeric materials, which
will help them make the production of new materials more efficient.

1.1 Aim

The aim of this thesis is to investigate the structure of HDPE produced using in-
jection molding. The methods used will mainly be Small- and Wide-Angle X-ray
Scattering, also called SAXS and WAXS, which are presented more in detail in sec-
tion 2. The aim is to examine the structure before, during and after tensile testing,
a technique used to deform the plastic by applying a pulling force, and see how the
structures change during deformation. During injection molding the sample forms
layers of different structures, the difference in structure between these layers will be
investigated.

1.2 Limitations

The material HDPE will be the focus of this work; no other polymers will be in-
cluded and there will be no comparison between different materials. Only some
specific properties of the material will be investigated, for example the structure
and sizes of the crystalline and amorphous layers. Tensile testing will take place,
but no further strength or toughness tests. The methods used will be SAXS and
WAXS since these methods have a resolution on the wanted scales (as described in
the Theory section). There are more characterization techniques for polymers, but
only the methods mentioned will be used for this work.
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3. Methods
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4. Results
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Figure 4.4: The sample was cut from the mold in the CD direction. Through
the cross direction of the sample several layers are formed, the skin, shear and bulk
layers. These were ground down to separate the layers, and the expected structure

of each layer is depicted.
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Figure 4.5: The schematic shows how the layers of shear and bulk deforms during
tensile testing. The bulk layer contains spherical spherulites which become elongated
while the shear contains elongated spherulites which are pulled back into spherical.

The spherulites are torn apart at the very tip.
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