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Abstract

As an environmentally friendly biodegradable material, polylactic acid (PLA) demonstrates consid-
erable application potential in 3D printing. However, issues such as slow crystallization rate,
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insufficient heat resistance, and inadequate mechanical properties limit the molding quality and
application scope of 3D printing materials. Based on the practical requirements of 3D printing pro-
cesses and the challenges faced in the application of PLA composites, this paper systematically an-
alyzes the key influencing factors of crystallization control. It explores various crystallization regu-
lation techniques, including nucleating agent modification, process parameter optimization, and
composite material blending, to establish a “crystallization control-formulation optimization-pro-
cess adaptation” optimization system for 3D printing materials. The effectiveness of the optimiza-
tion is verified through performance characterization. These efforts provide technical support and
practical references for the preparation of high-performance PLA-based 3D printing materials and
the expansion of their applications in high-end manufacturing fields.
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Table 1. Factors and levels for orthogonal experiment

1. EXKBERKFR

K H= A (1) K= B (1) K= C (1)
1 0.8 5 3
2 1.0 8 5
3 1.2 12 6
4 L5 15 8
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