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CHANATINAT RONOG-OR: POLY(LACTIC ACID)/ NATURAL RUBBER/ RICE STRAW
BIOCOMPOSITE FILMS FOR AGRICULTURAL APPLICATION.
THESIS ADVISOR: ASSOC. PROF. PRANEE CHUMSAMRONG, Ph.D., 152 PP.

Keyword: Poly(lactic acid)/Natural rubber/Rice straw/Biocomposite/Biodegradability

The aim of this study is to develop sustainable and biodegradable biocomposite
films for agricultural applications using biodegradable and renewable resources
including poly(lactic acid) (PLA), natural rubber (NR), and rice straw (RS). However, the
incompatibility between PLA and NR results in phase separation and poor mechanical
properties. To enhance compatibility, NR mastication was conducted by a two-roll mill,
with mastication durations of 10, 20, and 30 minutes. Masticated NR was then blended
with PLA using an internal mixer. The weight ratio of PLA and NR was fixed at 60/40
wt.%. The melt flow index (MFI) of the polymer blend increased with the duration of
NR mastication, from 9.69 + 1.01 ¢/10 min at 10 minutes to 60.27 + 0.31 ¢/10 min at
30 minutes. The tensile test of the compression-molded polymer blend specimens
revealed that the NR mastication time at 10 minutes showed the highest percentage
elongation at break, which was 231.33 + 34.43 %. Therefore, a mastication time of 10
minutes was selected to further investigate the production of biocomposite films.

The subsequent study aimed to investigate the effect of rice straw (RS) content
on the MFI, tensile, and morphological characteristics of the bicomposite films. RS was
added to a PLA/NR blend at weight ratios of 3, 5%, and 10%, with a PLA and NR weight
ratio fixed at 60/40 wt.%. Test specimens were produced using cast film extrusion
procedure. Examination revealed numerous large holes on the surface of the
biocomposite film containing 10 wt.% RS, which limited further testing. The film's
discontinuity is attributed to the elevated melt flow index value of the composite
containing 10 wt% rice straw content (37 + 0.79 ¢/10 min), which is significantly above
the recommended melt flow index range (about 9-15 ¢/10 min) to produce films using
a cast film extrusion process. The tensile tests of biocomposite films containing 3 and
5 wt.% RS still show ductile fracture behavior. Even though the tensile strength and
modulus decrease as the RS content increases, the elongation at break remains higher

than PLA. The morphology of the fracture surface area exhibits incompatibility.
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The results of examining the degradation behavior of biocomposite films by
burying them in soil with a moisture content of 30% by weight for a period of 3 months
showed that the polylactic acid film had the lowest percentage weight loss at 3.33%,
while the film with 5 wt.% RS had the highest weight loss rate at 8.30%. This is
consistent with the decrease in the molecular weight of the PLA phase in biocomposite
films. The morphological analysis reveals numerous pores and fungus growth on the
film surface after soil burial. Energy dispersive X-ray (EDX) analysis indicated a reduction
in carbon contents while the oxygen and nitrogen content increased during the burial
process. The X-ray diffraction (XRD) study indicated a low degree of crystallinity in the
PLA, which is in accordance with the results obtained from the differential scanning
calorimeter (DSC). Following the addition of NR and RS to the biocomposites, the
crystallinity of the PLA trended to increase. Additionally, after 3 months of soil burial,
each type of film showed increased crystallinity and modulus, while tensile strength
and elongation at break decreased. This indicates that biocomposite films filled with
RS exhibit a higher susceptibility to degradation compared to PLA films.

To evaluate the efficacy of biocomposite films in agricultural applications, all
types of films, including PLA, PLA/NR blend, and biocomposite films, were used to
fabricate seedling bags and mulch films for the cultivation of chili plants over a three-
month period. After a period of three months, the chili roots effectively penetrated
the seedling bags. Specifically, bags made from biocomposite materials. These findings
indicate that the utilization of seedling bags did not hinder the growth of the chili
plants. In addition, the growth of chili plants in the bags made from biocomposite film
containing 3 wt.% RS appeared to be better and resulted in a maximum dry weight of
33.33 + 4.16 grams. Biocomposite film decomposes quickly when used as a mulch for
growing chili plants. The film began to fall apart after the first month. In the second
month, the film had expanded to such an extent that it could no longer adequately
cover the soil. This causes grass and weeds to grow in the cracked area. This suggests
that using biocomposite films as mulch films for chilli cultivation may not be

appropriate.
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