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Abstract: Polyhydroxyalkanoates (PHAs) is the only bio-based polyester directly synthesized by microorganisms, which
can achieve a full green ecological cycle from raw material preparation, product processing to material degradation. With the
advantages of being green and environment-friendly, PHAs have potential applications in textile fibers, packaging materials,
and biomedical materials. However, PHAs also have unfavorable structural factors such as slow crystallization rate, large
spherulite size and secondary crystallization, which limit their application. Therefore, this paper mainly focuses on the re-
search progress of modification of the crystal structure and mechanical properties of PHAs from three aspects: the heterogene-
ous nucleation effect, the long-chain branching structure design and the external field induction. First, inorganic nanomateri-
als with high heat resistance (tungsten sulfide) can be used to significantly improve the heterogeneous nucleation ability of
PHAs. Secondly, the long-chain branched structure can be used to compensate for the lack of PHA melt strength. Further-
more, the crystal form of PHAs can be changed by the synergistic effect between heterogeneous nucleation, long-chain
branching and drawing process. Finally, further research directions and applications of PHAs have also been presented.
Key words: polyhydroxyalkanoate; bio-based material; hybrid material; long-chain branching; crystallization;
mechanical properties
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Table 1 Comparison of the tensile strength and elongation at break of LCB-PHBV/WS, with that of recently reported PHBV composites

based on Tianan Biologic Material Co. , Ltd.’s raw materials [+})

Raw materials Modification methods Tensile strength /MPa  Elongationat break /% Ref.
PHBV (1mol%HV) Physical blending: PLLA7Owt% 49.7 2.07 [44]
PHBV (5mol%HV ) HV content: 5mol% , 12mol% ,20mol% 22.1 1.39 [45]
PHBV (5mol%HV ) Physical blending: PLLASOwt% 40.87 73.0 [46]
PHBV (3mol%HV) Physical blending: 2.5wt% nanofibrillated cellulose 32.1 6.7 [47]
PHBV (3mol%HV) Physical blending: 30wt% man-made cellulose 41.7 2.3 [48]
PHBV ( 1mol%HV) Physical blending: 20wt% tea polyphenol 6.6 36.5 [16]
PHBV (1mol%HV) Physical blending: 1wt% cloisite © 30B ( clay) 40.6 2.4 [49]
PHB (0mol%HV) Physical blending: 1wt% ethyl cellulose 33.3 1.6 [50]
PHBV (3mol%HV) Physical blending: 20wt% wheat straw 23 1.1 [51]
PHBV (5mol%HV) Physical blending: 70wt% PBS 24 2.5 [52]
PHBV (1mol%HV) Physical blending: 10wt% tannic acid 25 14 [53]
PHBV (1mol%HV) Physical blending: 50wt% PLA 44.6 4.7 [54]
PHBV (1mol%HV) Physical blending: 30%PPC 24 23 [55]
PHBV (1mol%HV) Physical blending: 2.5wt%PP, 1wt% MPP 36.03 6.11 [56]
PHBV (1mol%HV) Physical blending: 1wt% WS, 155 45 [19]
PHBV (1mol%HV ) Physicochemical method: 1wt% WS, , 0.05wt% DCP 189.8 46.5 [43]
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