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Poly(3-hydroxybutyrate-co-4-hydroxybutyrate)/Poly(lactic acid)
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Abstract: This study focused on the foaming characteristics of poly(3-hydroxybutyrate-co-4-hydroxybutyrate)/polylactic
acid(PHA/PLA) bio-blends under supercritical CO, conditions. The favorable foaming characteristics, similar to PLA,
were obtained for the PHA/PLA(3/7) blend at 130 C and 90 bar. These conditions are a favorable for both crystalline
PHA which has 10% of 4HB content, and PLA. However, the foaming was not possible for other blend compositions,
due to the decrease in melt strength resulting from an increase in PHA composition in PHA/PLA blends. In the case of
amorphous PHAS50, which was not capable of CO, foaming alone, forming was possible by blending it with PLA,
although the expansion ratio was lower than PLA. The improvement of melt strength in PHA and PLA was understood
to be a result of chain branching caused by the modification of the chain through transesterification between -OH and
-COOH end-groups. It was found that the foaming characteristics of the PHA/PLA blend were effectively controlled by
foaming pressure rather than foaming temperature.

Keywords: supercritical CO, foaming, poly(3-hydroxybutyrate-co-4-hydroxybutyrate), poly(lactic acid), poly(3-hydroxy-
butyrate-co-4-hydroxybutyrate)/polylactic acid blend, melt strength, crystallinity, foaming characteristics.
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Figure 1. Chemical structure of (a) P(3HB-co-4HB); (b) PLA.
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Figure 3. Foam characteristics of PHA/PLA blend foams (foaming
conditions: 130 “C/90 bar): (a) foam density; (b) expansion ratio.
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Figure 2. SEM micrographs of PLA/PHA blend foams (foaming conditions: 130 “C/90 bar).
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Figure 4. DMA thermograms of PHA/PLA blends: (a) PHA10/
PLA; (b) PHAS0/PLA.
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Table 1. ®C NMR Peak Aarea for PHA/PLA Blends: (a) PHA10/PLA; (b) PHAS0/PLA

55 an
PIIA/PLA

0/10

(@
PHA10(%) PLA(%)
PHA/PLA
Cl 2 c3 c4 cs c6 c7 cs Cl c2 c3
10/0 12.64 25.68 26.19 26.96 114 241 190 3.8 0.00 0.00 0.00
7/3 10.22 20.15 19.34 2035 0.85 1.89 1.88 1.95 3.83 8.46 11.08
5/5 8.76 14.88 13.1 13.54 0.62 1.04 1.42 1.39 8.19 16.67 20.39
3/7 7.40 10.31 8.87 8.86 047 087 099 059 11.34 21.85 28.45
0/10 0.00 0.00 0.00 0.00 000 000 000 0.0 19.65 36.68 43.67
(b)
PHAS0(%) PLA(%)
PHA/PLA
Cl C2 C3 C4 cs C6 c7 cs Cl 2 c3
10/0 7.32 12.81 14.08 14.53 718 1479 1408 1521 0.00 0.00 0.00
13 533 10.25 10.66 10.85 512 1158 1168 1127 3.69 8.61 10.96
5/5 538 8.03 739 8.29 369 8.1 859  8.19 7.95 15.26 19.12
3/7 472 5.34 4.66 5.19 215 497 514 498 10.53 24.16 28.16
0/10 0.00 0.00 0.00 0.00 000 000 000 0.0 19.65 36.68 43.67
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