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Among polymeric materials, polyolefins are clear leaders with 
respect to both world production scale and sustainability. 

Produced in solvent-free and environmentally friendly processes, 
they combine high resource-, eco-, energy- and cost-efficiency 
with low weight and outstanding versatility in terms of properties, 
processing, applications, and recycling. However, to compete with 
metals they require reinforcement by alien materials which impair 
recycling and processing. Special processing technologies such 
as lamination of stretched tapes and fiber technology are required 
to produce “all polyolefin composites” in which both matrix and 
reinforcing phases consist of polyolefin. At the beginning of the 21st 
century, remarkable progress in multisite polymerization catalysis 
enables to produce reactor blends with tailored molar mass 
distribution which form extended-chain polyolefin during injection 
molding and extrusion, typical for commodity polyolefins. Robust 
chromium sites produce nanophase-separated ultrahigh molar 
mass polyethylene (UHMWPE) unaffected by other sites during 
ethylene polymerization on supported multisite catalysts. The 
site blend ratio governs ultrabroad PE molar mass distributions 
and nanostructures with unprecedented precision. Owing to 
significantly reduced UHMWPE entanglement, reactor blends 
with high UHMWPE content (>20 wt.-%) are melt processable by 
classical injection molding. HDPE wax serves as a processing 
aid which cocristallizes and does not cause emission and odor 
problems. This in situ formation of nanophase-separated fiber-
like extended chain UHMWPE, with an average diameter of 80 nm, 
effectively reinforces the HDPE matrix as expressed by significantly 
improved strength/stiffness/toughness balance. In addition 
to tailoring two- and three-site catalysts systems and reactor 
blends, nanophase-separated UHMWPE embedded in HDPE wax 
represents a versatile new additive enabling fabrication of all-
polyethylene composites by melt compounding without affecting 
ethylene polymerization of commodity polyethylenes. Hence, this 
versatile route to sustainable all-polyethylene composites holds 
great promise for converting commodity polyolefin materials into 
high performance engineering materials without impairing melt 
processing,  sustainability and facile recycling. Unlike common 
polyolefin nanocomposites, neither handling of problematic 
nanofillers nor special composite processing is required. 
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