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All-Polyethylene single Component Composite Material
Recyclable lightweight single Component Composite
Material developed for Injection-Molded Components

Polyethylene (PE) would be an ideal material for lightweight construction:
energy-efficient, can be produced from renewable raw materials, almost
residue-free recyclable. However, only PE components that are reinforced as
composites for example with carbon or glass fibers are truly mechanically
resilient. Scientists at the Fraunhofer IWM, MicroTribology Centrum uTC,
together with the Freiburg Materials Research Centre and the polyolefin
manufacturer LyondellBasell, have now produced and qualified a sustainable
"All-PE composite". The trick is that the reinforcing fiber structures are also
made of PE and even form themselves during injection molding.

The hydrocarbons polyethylene (PE) and polypropylene (PP) account for a good half of
all polymers produced worldwide. PE can be found in many plastic products used every
day. As a pure grade material, it is simple and virtually infinitely reusable: used products
are rasped, melted and formed into new components with consistently good quality.
Or PE is heated and converted back into raw materials for the chemical industry or into
building blocks for the production of hydrocarbon materials - completely without
residue. For this reason and because of their low weight, hydrocarbon materials are
generally ideal for sustainable lightweight construction: for example in the automotive
industry, which by law has to prove a certain percentage of the recyclability of its
products.

However, up to this point it has not been possible to manufacture load-bearing
components from regular PE because on its own it is not a strong enough material.
Until now, fillers — mainly carbon or glass fibers - have been used for reinforcement.
The addition of fillers has, however, a negative impact on the cost and the energy, raw
material, environmental balance: production and recycling are considerably more
difficult and expensive. So-called ultra-high molecular weight PE (UHMWPE), used as a
high-performance material in medical implants such as acetabular cups or knee joints,
offers an alternative. However, this pure, high-strength and abrasion-resistant material
cannot be processed by injection molding: It has to be pressed into a mold as a
powder, sintered and then milled into the exact component in a complex and cost-
intensive process. Although UHMWPE fibers can achieve the strength of steel, they are
expensive and unsuitable for material recycling.
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Pure grade PE composite via a controlled catalytic process

“In the SusCOMP project, we carried out research on All-PE single component
composites that can be processed by injection molding and directly reinforce
themselves. Of course, we were particularly interested in the mechanical properties of
these composites," explains Raimund Jaeger, leader of the Polymer Tribology and
Biomedical Materials group at the Fraunhofer Institute for Mechanics of Materials IWM
in Freiburg. "DSM already spins high-performance fibers from long UHMWPE
molecular chains that orient themselves along the fiber direction, so-called “Dyneema’
fibers. It would be technically possible to incorporate such fibers into PE as
reinforcements, but this would involve a great deal of work and expense and would
not be suitable for material recycling.

’

Prof. Dr. Rolf Milhaupt and his team at the Freiburg Materials Research Centre (FMF)
at the University of Freiburg found the solution to this challenge by finely distributing
different catalysts, which can be used to produce PE in different chain lengths, along
the same catalyst carrier. In the subsequent synthesis of PE using ethylene
polymerization, mixtures of low, medium and ultra-high molecular weight PE, known
as reactor blends, are simultaneously produced on this catalyst. "With this trick, PE
blends are produced directly during polymerization that can be injection molded
without any problems," explains Prof. Dr. Milhaupt. The process avoids high
viscosities, which are normally a challenge when a high proportion of UHMWPE
molecular chains are to be processed in injection molding. High shear currents, which
occur during injection molding in narrow injection molds, cause fiber-like UHMWPE
structures to form from the ultra-high molecular weight fraction via self-organization of
the material. These fibers reinforce the composite and even orient themselves in the
desired direction during injection molding, thus ensuring mechanical stability. These
components are also easy to recycle: "We have recycled a total of ten samples of these
materials and always obtained the same good quality, since the desired material
structures are formed again and again through self-organization," says Prof. Dr.
Mdulhaupt. The scientists at the Fraunhofer IWM tested samples of this new high-
performance material for their material properties. The mechanical properties show:
many applications are conceivable, for example long furniture parts as well as rail and
shutter guides or parts for car interiors. In addition to their low weight, the
components also have the advantage that water-based lubricants are very well
tolerated.

In the future: pure PE composites on demand

The follow-up project, 3D-SusCOMP, now involves processing the material using a 3D
printer. Previously, the good properties of All-PE composites could only be achieved if
the polymers were oriented when injecting them into a narrow mold. However, the
reinforcement by self-organization exclusively occurs in the direction specified by the
molding tool. This is already a major step forward, but other component shapes and
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contrast to injection molding, however, their orientation in the component can be
controlled by the movement of the print head. As a result, many new applications for
this recyclable material are conceivable: in addition to light weight gear wheels in
automobiles or for the food industry, it is also possible to produce robot grippers which
adapt to the shape of a part, medical orthotics or connectors from a “single mold".

The two projects SusCOMP and 3D-SusCOMP of the Sustainability Centre Freiburg are
funded by the state of Baden-Wrttemberg and the Fraunhofer-Gesellschaft. The
development of catalysts is based on many years of BMBF-funded research cooperation
between the Freiburg Materials Research Centre and the world leader LyondellBasell in
Frankfurt.

Dynamic micro tensile test for the investigation of strain rate-dependent material
behavior: the influence of the local morphology on the material properties can be
analyzed by taking micro tensile samples from an injection-molded component.
(© Fraunhofer Institute for Mechanics of Materials IWM)

¥ I HDPE
9 j Components made of All-PE composites:
using a catalyst, different unbranched PE
chains are produced (top) and the fiber
structures produced in the 3D pressure
nozzle are deposited in the desired
‘ orientation in the printed component.

(© Fraunhofer Institute for Mechanics of
Materials IWM)
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The starting material for the production of polyethylene (PE) is ethylene: a
monomer obtained from crude oil by the “cracking” process and consisting only of
carbon and hydrogen atoms. In the production of PE, the polymerization process,
many ethylene molecules are assembled into long molecule chains. Depending on
the manufacturing process, they are branched (LDPE) or can also be produced
unbranched (HDPE) using a catalyst. Special catalysts supply particularly long-chain
PE (UHMWPE). The longer and more unbranched the chains are, the more likely
they are to form semi-crystalline structures that increase mechanical stability. This is
why, for example, elastic films are made of branched LDPE and parts subject to
high mechanical stress, such as gear wheels, are made of UHMWFPE.

Fraunhofer IWM - Making intelligent use of materials

- We make the mechanisms and processes in materials and material systems
manageable by first assessing and describing them as models. This provides the
potential to extract greater performance and efficiency from technical systems.

- We measure materials down to their atomic structures and influence the interactions.
This enables us to modify material properties to meet requirements and achieve new
functionalities.

- We scrutinize material systems and manufacturing processes and this knowledge is
transferred into reliable products and technologies. Together with our partners from
the fields of science and business, we develop innovations with a competitive edge.

The Fraunhofer-Gesellschaft is the leading organization for applied research in Europe. Its research activities are conducted by 72 institutes and
research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of more than 26,600, who work with an annual
research budget totaling more than 2.6 billion euros. Of this sum, more than 2.2 billion euros is generated through contract research. Around 70
percent of the Fraunhofer-Gesellschaft’s contract research revenue is derived from contracts with industry and from publicly financed research
projects.
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