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Abstract As one of the most widely accepted printing materials for fused deposition modeling (FDM) technique,
poly(lactic acid) (PLA) offers numerous advantages, including renewability, biodegradability, excellent
flowability, low printing temperature, and high dimensional accuracy. However, due to the layer-by-layer process
intrinsic for FDM process, 3D-printed PLA parts tend to suffer from low crystallinity and poor interlayer bond
quality, resulting in inferior and anisotropic mechanical properties compared to those of conventional injection-
molded parts, which severely restricts their applications as load-bearing structural components and functional
parts. This review, for the first time, focused on the adaptability of PLA materials to the FDM process from the
material perspective, systematically analyzed their rheological behavior, crystallization characteristics, and
molecular chain interdiffusion and entanglement of PLA during the key FDM sub-processes, including material
extrusion, melt deposition, and interlayer bonding. In this regard, the excellent printability of PLA materials was
thoroughly elucidated. Then, to address the interlayer bonding issue in PLA printing, this review presented a
comprehensive overview of recent studies on bond interface enhancement, categorizing the main strategies into
material modification, printing process optimization, external-field assistance and post-treatment, and discussing
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their effects on interfacial microstructure and mechanical properties. Finally, we presented an outlook on future

developments for PLA printing, providing a reference for the design of PLA materials and their components with

excellent performances and functionality.
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Fig. 1 Extrudability of PLA materials during FDM process: (a) schematic illustration of PLA melt extrusion through a nozzle;

(b) apparent viscosities of various PLA-based filaments. The test temperature was 230 °C, the same as the nozzle temperature during

FDM process (Reprinted with permission from Ref. [27]; Copyright (2019) John Wiley & Sons, Inc); (c) buckling analysis
performed on PLA-based materials (Reproduced from Ref. [29]; Copyright (2022) The Author(s), under the terms of the Creative

Commons Attribution 4.0 International License (CC BY 4.0)).
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Fig. 2 Dimensional accuracy of FDM-printed PLA samples: (a) schematic illustration of geometrical change in PLA extrudate after
extrusion; (b) exit morphology under different feeding speeds at heated block length of 60 mm, printing temperatures of (i) 190 °C,
(i) 210 °C, (iii) 230 °C (Reprinted with permission from Ref. [39]; Copyright (2023) Springer Nature). (c) The average dimensional
(diameter and length) accuracy of cylindrical test specimens manufactured in different print orientations and colors (Reproduced

from Ref. [57]; Copyright (2021) Elsevier Ltd., under the terms of

the Creative Commons CC BY 4.0). (d) Appearance of printed

specimens from PLA, ABS, carbon-fiber-reinforced PLA (CFR-PLA), carbon-fiber-reinforced ABS (CFR-ABS), and CNT-ABS

(Reproduced from Ref. [56]; Copyright (2020) The Author(s), under
License (CC-BY-NC-ND)).

the terms of the Creative Commons Attribution 4.0 International
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Fig. 3 Interlayer bonding ability of PLA material during FDM process: (a) schematic illustration of interlayer bonding mechanism

during FFF process; (b) optical images of PLA specimens with different raster angles after failure; (c) dependence of Young’s

modulus (E) and tensile strength (o) on the raster angles for FDM-printed PLA specimens (Reproduced from Ref. [65]; Copyright
(2022) The Author(s), under the terms of the Creative Commons CC BY License).
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