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Effects of Alcohol Solvent—induced Crystallization
on Biodegradable Poly(Lactic Acid) Film

Daiki GONDO*, Takayuki WADA*, Shinji KANEHASHI*, Shuichi SATO* and Kazukiyo NAGAI*
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Poly(lactic acid) (PLA) is an environmentally-friendly biodegradable polymer substance. PLA is
used as a material in packaging, automotive, and electronic applications. For such applications, polymer
materials are exposed to organic solvents during use. However, there has been no systematic research
on the interactions between the PLA polymer segments and organic solvents. In this current study, we
discovered the phenomena of no change in chemical structure, but liquid alcohol (i.e., methanol and
ethanol)-induced crystallization of PLA membranes at 35°C for 24 hours. The PLA films immersed into
methanol and ethanol solvents had a crystalline structure. The effects of immersing solvent on the
crystallinity and crystal structure were systematically investigated. The alcohol solvent-induced
crystallization formed a crystallized mixture of a- and B-forms. The PLA film immersed into methanol
solvent almost formed o-form crystal structure, while that immersed into ethanol solvent formed a
crystallized mixture of a- and B-forms in each half ratio. Interestingly, unlike common crystalline
polymer films, the density of these crystalline PLA films was smaller than that of the amorphous ones.
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Fig.1 Photograph, POM, and SEM images of (a) PLA films, (b) PLA films immersed into
methanol and (c) PLA films immersed into ethanol
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Tablel Characterization of PLA films immersed into methanol and ethanol

Solvent Non-immersed” Methanol Ethanol
Swelling (wt%) - 14.0+1.4 8.7+0.5
Density (g/cm?) 1.257 £0.001 1.241 £ 0.001 1.252 +0.001

T, (°C) 60.3 +2.1 62.6 0.4 62.6 +0.3

T.(°C) - 110.8+ 0.3 109.0+ 1.2

T. (°C) - 145.4+0.3,150.1£0.2 1434+0.6,150.3+0.3

AH.(J/g) - -0.3+0.1 -0.5+0.1

AH,(J/g) - 26.2+2.0 247 £ 1.3
Xc-psc (%) 0 27.9+2.1 250+1.5
Xc-waxp (%) 0 35.5+3.5 37.1 £3.1
Xcawaxp (%) 0 32.5+£3.5 19.3+18.5
Xep-waxp (%) 0 3.0+3.0 17.8+17.8
Xewmaro (%) 0 92.0+8.0 51.0 +49.0

Xea-waxp + Xcpwaxp

a) Data from Reference (3)
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Fig.2 NMR spectra of PLA films immersed into
methanol and ethanol
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Fig.3 FT-IR spectra of PLA films immersed
into methanol and ethanol
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Fig.4 DSC curves of PLA films immersed into

methanol and ethanol
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Fig.5 FT-IR spectra from 880 to 980 cm™

of PLA films immersed into methanol
and ethanol
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Fig.6 Wide-angle X-ray diffraction patterns (a) from 3 to 30° and (b) from 20 to 30° of
PLA films immersed into methanol and ethanol
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Fig.7 Waveform separation of Gaussian

functions by Wide-angle X-ray
diffraction patterns
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