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Editorial on the Research Topic

Advanced Thermoplastic Composites and Manufacturing Processes

The growing concerns about the environment and energy have driven the widespread adoption
of new lightweight materials such as polymer composites in many industrial sectors, crucial
issues being performance, cost efficiency, and multifunctionality (Krawczak, 2019). Among them,
thermosetting matrix composites offer not only many advantages such as high specific stiffness
and strength and their consolidated use in primary aircraft structures but also technical issues
such as long processing times, limited fracture toughness, reduction of mechanical properties in
the presence of water and solvents, and difficulty of end-of-life treatment (Krawczak, 2011). A
key cultural problem is associated with the need of a chemical reaction during part fabrication
performed in mechanical/aerospace/naval industries.

Although the use of thermoplastic matrix composites in aeronautic structures has been
proposed since the second half of the 80s (Nguyen and Ishida, 1987; Maffezzoli et al., 1989),
their first application was at the beginning of the third millennium with the wing leading edge
of Airbus A380 (Offringa, 2005). Their demand is continuously increasing (JEC Observer, 2020)
since they offer many advantages such as high toughness, long storage time, easy repairing
and recycling, higher performances in hot-wet conditions, and ability to be thermoformed
and heat-welded. However, manufacturing issues such as high processing temperature, fiber
impregnation, and warpage still need a deeper knowledge (Advani andHsiao, 2012). Thermoplastic
composites can play a key role in the 21st century industry as new materials are emerging day
by day, as manufacturing processes are evolving to meet the severe industrial requirements of
performance, production, and multifunctionality (Advani and Hsiao, 2012; Boisse, 2015), and as
sophisticated numerical simulation tools are making virtual prototyping and engineering more
reliable than ever (Binétruy et al., 2015; Boisse, 2015). In that field, innovation is multifaceted
andmay come either from the constitutive materials (high-performance engineering thermoplastic
matrices, commingled semipreg of fibers/thermoplastics, self-healing, bio-based or biodegradable
matrices, natural or thermoplastic fibers, 3D textile reinforcement. . . ) or from the manufacturing
processes (automated out-of-autoclave processes, hybridization/coupling of technologies, additive
manufacturing, hybrid welding. . . ). Moreover, thermoplastic composites allow for automated,
high-speed mass production with reduced need for secondary operations (Mafeld, 2014), creating
increased interest in the industry for various applications: aerospace and defense, automotive and
rail transportation, construction and building, energy, oil and gas, sporting goods, drones, etc. Also,
thermoplastic composites offer an interesting recycling potential using mechanical, thermal, or
chemical processes (Oliveux et al., 2015). As thermoplastics, it is quite easy to recycle them by
regrinding, compounding/blending, and reprocessing; additionally, they are at the forefront of
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current industrial scale-up attempts of chemical recycling,
making it possible to recover not only fibers but also feedstock
or original monomers which can eventually be re-polymerized to
produce new polymers.

This Research Topic focuses on the latest advances and
developments of fiber-reinforced thermoplastics, mainly
referring to continuous fiber-reinforced composites and
of related processing technologies. A collection of seven
articles addresses some challenging issues related to advanced
manufacturing processes, such as consolidation by compression
molding (Ayadi et al.), injection-overmolding (Akkerman et al.),
reactive pultrusion (Zoller et al.), joining by ultrasonic (Villegas)
or induction (Scarselli et al.) welding, as well as solid-state
drawing (Walker et al.) or electrospinning (Sessini et al.) of
fibers. Numerical modeling and simulation, and performance
assessment through advanced characterization techniques,
correlating microstructure and properties, are also addressed.

These papers highlight how thermoplastic matrix composites
can be processed, adopting a completely different paradigm
in comparison to thermosetting matrix ones, the former not
requiring a reaction to set the properties but complex thermal
cycles, often performed in a short time span.

The Guest Editorial team is confident that this collection of
papers will benefit a large community in research and application
of advanced thermoplastic composite materials so as to further
advance along the pathway toward sustainability, performance,
and competitiveness.
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