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Abstract: To address the issues of low mechanical strength, poor thermal stability, and insufficient flame retardancy of
polyhydroxyalkanoate (PHA), the study prepared modified one-dimensional nano-attapulgite (ATP) reinforced PHA
composites via melt blending, and systematically investigated the effects of ATP content on the microstructure,
crystallization behavior, thermal stability, mechanical properties, and flame retardancy of the PHA/ATP composites. The
results showed that an appropriate amount of modified ATP dispersed uniformly in the PHA matrix, with tight interfacial
bonding and no obvious agglomeration. ATP exhibited a significant heterogeneous nucleation effect, which reduced the
cold crystallization temperature of PHA by 11.2 °C and increased the crystallinity from 21.3% to 29.7%. When the ATP
mass fraction reached 4.0%, the initial decomposition temperature of the PHA/ATP composite increased by 12.8 °C
compared to that of PHA. The optimal mechanical properties of the PHA/ATP composites were achieved at an ATP mass
fraction of 2.0%. When the ATP mass fraction reached 8.0%, the limiting oxygen index of the composites increased from
19.2% to 26.8%, and the vertical burning test reached a V-1 rating. The heat release rate, total heat release, and total smoke
release all showed a decreasing trend with increasing ATP content. The study demonstrated that an appropriate amount of
modified ATP could comprehensively enhance the overall performance of PHA through the synergistic effects of micro-
reinforcement, heterogeneous nucleation, and catalytic char formation.
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Fig.1 SEM images of fracture surface
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Tab.2 Flame retardancy of PHA/ATP composites
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Tab.3 Cone calorimetric test results of PHA/ATP composites

Kb TTl/s PHRR/(kW-m?) TTPHRR/s THR/(MJ-m?) TSR/(m*-m™)
PHA 32 452 125 87.2 1235
PHA/ATP-1.0 35 408 138 80.5 1126
PHA/ATP-2.0 37 365 152 743 1018
PHA/ATP-4.0 39 321 170 69.1 945
PHA/ATP-8.0 41 287 186 65.4 892
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