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Advances in properties and process optimization of continuous carbon fiber reinforced thermoplastic composites
JIAO Weiguo, L1 Wenxiao
(School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China)

Abstract : Continuous carbon fiber reinforced thermoplastic composites (CCFRTP) possess excellent specific strength, rapid
processing capabilities, and recyclability; however, their engineering applications are still restricted by issues such as process-
induced defects, weak interfacial bonding, and poor service environmental adaptability. Adopting a "problem-oriented" perspective,
in this paper, the research status and critical challenges of CCFRTP regarding anisotropic mechanical response, multi-scale damage
at the interface, physical or chemical degradation in complex environment, and integration of intelligent functions were systematical-
ly reviewed. Based on these critical challenges, targeted material modification and process optimization strategies were summarized.
Firstly, synergistic suppression of process-induced defects and structural densification are achieved through rheology-crystallization
coupling control, the introduction of active pressure fields, and kinematic trajectory planning strategies. Secondly, the challenge of
interface impregnation caused by high viscosity of resin is addressed by adopting activation modification of the fiber surface and
physical enhanced impregnation techniques. Thirdly, a multi-level protection system based on chemical bonding and crystallization
regulation is constructed to retard performance attenuation under hygrothermal and corrosive environments. Finally, it is highlighted
that the deep integration of multi-material additive manufacturing and artificial intelligence-based closed-loop control systems repre-
sents a key development direction for achieving future structure-function integration and adaptive regulation of the manufacturing
process for CCFRTP.

Keywords : continuous carbon fiber ; thermoplastic composite ; property ; material modification ; process optimization
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Tab. 1 Classification of resin matrices, common manufacturing processes, and typical components of CCFRTP

Resin category Resin examples

Common manufacturing processes

Typical components

General plastics PP, PE

PA6/PA66, PC,

Engi ing plasti
ngineering plastics PET

Special engineering

lasti PEEK, PPS, PEI
plastics

Compression molding; Vacuum bag/Oven molding;
Pultrusion molding
Compression molding; Pultrusion molding;
Additive manufacturing;
Automated tape laying/fiber placement (ATL/AFP)

Compression molding; Autoclave molding; ATL/
AFP; Additive manufacturing

Basic automotive interior parts, industrial pipes,
housings with low load-bearing requirements

Automotive load-bearing components (e.g., chassis
parts, seat frames), sports and leisure products

Key aerospace structural components (e.g., aircraft
secondary load-bearing frames, radomes), high-
temperature resistant complex load-bearing parts
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Fig. 2 Manufacturing of composite yarns through powder impregnation
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Tab.2 Summary of performance defect mechanisms and optimization strategies for CCFRTP

Performances

Causes of performance deficiencies

Optimization Strategies Ref.

Anisotropy and notch sensitivity Rheology-crystallization coupling control [24-28]
Mechanical response & Voids, fiber waviness, and weak interlaminar bonding Active pressure field and vacuum assistance [29-31]
structural integrit Ki tic traject lanni d th 1 hist
sy Non-uniform cooling causing shrinkage and residual stress tematic frjectory pranning and fermat ustory [32-34]
management
X L. X Chemical inertness of carbon fiber surface Fiber surface activation and nano-enhanced sizing ~ [35-38]
Fiber/resin interfacial Physicall b di tion ( hanical
bonding quality High viscosity of resin melt hindering impregnation ysically emhanced impreghation (mechanicat yarm [39-40]

spreading/powder impregnation)

High-temperature softening and hygrothermal plasticization

Durability in complex
environments

Synergistic damage from corrosion and freeze-thaw cycles

UV photo-oxidative degradation

Construction of chemical bonding networks (e.g., [41]

silane coupling)

Barrier construction via hybrid affinity transition layers [42—43]
Passive/active crystallization regulation utilizing

. 17
environmental thermal stress (17]

Heterogeneous fillers disrupting matrix continuity

Reliability of intelligent
function integration
efficiency

Interference of sensing signals and degradation of healing

Multi-Material Additive Manufacturing (MMAM) [44]
for directional reinforcement
Closed-loop control based on machine vision and

. . [45]
machine learning
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