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Thermal Properties of Biodegradable Polymers
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Thermal properties of the prepared saccharide- and lignin-based polyurethanes (PU's),
and polycaprolactones (PCL's) were studied by differential scanning calorimetry (DSC),
thermogravimetry (TG) and TG-Fourier transform infrared spectroscopy (FTIR). Glass transition
temperatures (Ty's), cold-crystallization temperatures (Te's) and/or melting temperatures (Tm's)
of saccharide- and lignin-based PU's and PCL's were determined by DSC, and phase diagrams
were obtained. Tg's of saccharide- and lignin-based PU's increased with increasing saccharide
and lignin contents, suggesting that those plant components act as a hard segment in PU's. Ty's
of saccharide- and lignin-based PCL's decreased with increasing CL/OH ratio until this ratio
reaches a certain value (usually ca.10), suggesting that PCL chains act as a soft segment. However,
when the CL/OH ratio becomes larger than the above certain value which is dependent on the
kind of saccharides and lignin, the Ty's of polycaprolactone derivatives increase with increasing
CL/OH ratio because of the appearance of a crystalline structure. TG-FTIR analysis of lignin-
based PCL's suggested that compounds having C-O-C, CO O and C-H groups are mainly produced
by thermal degradation of PCL chains.
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Table 1 Biodegradable polymers under development.

Origin Biodegradable Polymers

From microoganisms  Polyesters : Polyhydroxybutyrate (PHB)

Polyhydroxyvalerate (PHV) etc.

From Plants

Saccharide-based Polyurethanes
Polycaprolactone derivatives

Cellulose-based Cellulose esters
Polycaprolactone derivatives

Lignin-based Polyurethanes
Polycaprolactone derivatives

Starch-based Blend

Polylactate

From animals
Collagen

Chitin and chitosan Polymeric derivatives and composites

Synthetic Polymes Polyesters

Poly(vinyl alcohol) and acetate
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Fig.1 Recycling process of environmentally compatible polymers from biowastes such as lignin and molasses

obtainable from pulping and sugar industries.
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Fig.2 Environmentally compatible polymers obtainable from saccharides and polysaccharides.
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Fig.3 Environmentally compatible polymers obtainable from lignin.
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Table 2 Chemical components of molasses.
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Chemical components %

Sucrose 325
Glucose 8.5
Fructose 92
Other Saccharides 23
Water 20.5
Ash 9.5
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Fig.4 Synthesis of polyurethanes with saccharide and/or
lignin structures.
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Fig.5 Schematic chemical structure of polyurethanes.
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Fig.6 Change of Tq and AC, with lignosulfonate polyol

(LSP) contents in PU's from the LSP-PEG200-
MDI system. LSP content / %0 [LSP/(LSPO
PEG200)]x 100.
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Fig.7 Change of Tq and AC, with kraft lignin polyol

(KLP) contents in PU's from the KLP-LSP-
PEG200-MDI system. KLP content / %0[KLP/
(KLPO MPO PEG200)]x 100. MP content / %0
[MP/(KLPO MPO PEG200)]x 100.
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Fig.8 Possible biodegradation scheme of polyurethanes
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