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Abstract : To investigate the failure mechanisms of carbon fiber (CF) reinforced polyetheretherketone (PEEK) composites
under low-temperature environments, CF/PEEK composite specimens with a carbon fiber mass fraction of 10% were fabricated
using fused deposition modeling (FDM) technology. A series of low-temperature tensile tests were conducted under five temperature
gradients, including 25, -25,-75,—125,—-175 °C, and scanning electron microscopy (SEM) was used for characterizing the fracture
morphology of the specimens. Then the mechanical properties, failure modes, and interfacial performance change of the composites
were analyzed at different temperatures. The results reveal that the tensile strength of CF/PEEK composite decreases continuously
with decreasing temperature, reaching a minimum of 12.83 MPa at —175 °C, which represents an 84.3% reduction compared to the
room-temperature value (81.93 MPa). In contrast, the tensile modulus exhibits a trend of initial decrease followed by increase, with a
minimum value of 6.8 GPa at —75 °C and a maximum of 7.8 GPa at —175 °C. SEM observations indicate that the failure mecha-

nisms of the composites under low-temperature conditions include brittle fracture of fibers, brittle fracture of the matrix, fiber-matrix
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interfacial debonding, and interlaminar delamination. Notably, at —175 °C , the interlaminar gaps become significantly larger,

suggesting a severe degradation of interfacial bonding performance of the composite. The mismatch in coefficients of thermal expan-

sion between PEEK and CF can lead to thermal stress concentration at the interface, exacerbating interfacial debonding under low-

temperature conditions. Furthermore, the suppression of molecular chain mobility at low temperatures increases matrix rigidity but

limits the plastic deformation capability, ultimately leading to brittle fracture. The above results elucidate the multiscale failure

mechanisms of CF/PEEK composites under low-temperature conditions, providing reference for their application in extreme envi-

ronments.
Keywords : fused deposition modeling ;

nism ; mechanical property
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Process parameters Value
Nozzle temperature /°C 400
Platform temperature /°C 90
Layer thickness /mm 0.2
Printing width/mm 0.4
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Fig. 3 Schematic diagram of a low-temperature testing system for

tensile testing
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