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Abstract — A biodegradable shatterproof thin film material having excellent water resistance and applicability was
prepared by crosslinking through esterification of starch and citric acid. In order to improve the thin film formation and
physical properties of these materials, PVA and glycerin were added to secure the flexibility of the applied thin film. In
addition, conditions for optimizing material functionality such as swelling degree and solubility in water according to
reaction time, temperature, and concentrations of raw materials and additives were analyzed. The crosslinking reaction
of starch and citric acid was confirmed by FT-IR analysis, and it was found that single and multiple esterification
reactions occurred simultaneously in these reaction processes. It can be seen that the crosslinked starch-citric acid thin
film material was decomposed about 95% after 12 weeks after landfilling, and thus biodegradability was excellent.
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Fig. 1. FT-IR spectra of starch and citrated starch, which show the
different transmittance peaks. Vertical dot line indicates the
wavelength of 1720 cm™.
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Fig. 2. Comparison of FT-IR spectra of citrated starch films prepared at 90 °C for (a) 1 hr, (b) 2 hr, (¢) 3 hr, and (4) 5 hr under the variation
of citric acid's concentration. Vertical dot lines indicate the wavelength of 1720 cm™.
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Fig. 3. Effects of the usage of organic acids on the cross-linked
starch at 90 °C with 5 wt% starch. The type of organic acid:
(a) oxalic acid, (b) succinic acid, and (¢) humic acid.
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Fig. 4. Variation of swelling and solubility at water bath according
to the concentration of PVA. Neutralization of citrated starch
with NaOH yields high solubility in water. Nr stands for
neutralization treatment.
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Fig. 8. Comparison of specimen surface coated with citrated starch
film for water-protection capability test. The ratio of citrated
starch and water as a solvent is (a) 5:5, (b) 6:4, (c) 7:3, (d) 8:2,
and (e) 9:1. As the content of water in the solution increases,
the thickness of citrated starch film coated on the soil decreases.
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