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Abstract
Bio-based polyurethane foam prepared from natural rubber and poly(caprolactone)

for controlled release of fertilizer

Natural rubber is a biopolymer that has been used for a long time. Thailand is the biggest producer
in natural rubber in the world. The applications of natural rubber are limited in conventional products such as
tires, gloves, condoms, gaskets, sealants, adhesives, load absorbents, and other general rubber products.
There are several researchers in Thailand that have tried to increase added value to the natural rubber by
producing other new innovative rubber products. In general, it is necessary to add chemicals in the natural
rubber products in order to obtain the rubber elasticity properties. This affects the biodegradation of the
natural rubber products. According to the environmental concern in nowadays, the need of environmentally
friendly products such as the biodegradation polymer is required. Therefore, the research and development in
value-added natural rubber products should concern this issue. The vulcanized natural rubber could have
lower degradation because the double bonds in the isoprene units become less. The addition of another
biodegradation polymer in the molecular structure of the natural rubber was a selected method to solve that
problem. Our group had synthesized the polyurethane containing natural rubber and poly(caprolactone).
Consequently, this polyurethane (PU) was applied to a new product as it was the objective of the present
project. Polyurethane foam was synthesized from natural rubber (NR) and poly(caprolactone) (PCL) for using
as a substrate of the controlled release fertilizer. NR was chemically modified to be a hydroxyl terminated NR
(HTNR) having low molecular weight. A one-shot process has been applied by adding all chemicals in one
time. HTNR and PCL prepolymer acting as diols were mixed with diisocyanate, blowing agent, other
chemicals and urea fertilizer. The mixture was stirred in a high speed mixer in a certain time and poured in a
mold before heating in the oven under a controlled time and temperature. The molar ratio of HTNR:PCL diols
was varied. A testing of the controlled release of fertilizer in the foam was carried out in the soil for 12 weeks.
A decrease in nitrogen content in the foam was determined by using a CHN analyzer. A testing of the
controlled release of fertilizer in the foam in water was carried out for 8 weeks and evaluated by using a UV
spectrophotometer. A promising result was obtained. The cellular structure of the foam was open and closed
cells. The tensile properties, compressive strength and compression set were investigated. The foam
containing HTNR:PCL diols at 1:0.5 and 1:1 showed higher tensile properties than the foam containing only
HTNR. In contrast, the HTNR foam provided the higher compressive strength than the HTNR-PCL foam and
the higher PCL content yielded the lower strength. The compressive strength of the foams was in the range
41-50% and there was no correlation with the composition of the foam. A biodegradation test was studied by
using microorganisms from waste water. Carbon dioxide (CO,) occurring in the system was determined by
titration. The CO, content was an indicator of the biodegradation of the foam because the microorganisms
employed the carbon in the foam as a nutrient and generated CO,. The test result showed that the
biodegradation was ~ 12% at 42 days. Because the testing of biodegradation was a time consuming and the
preliminary test showed a positive result. Thus the future work should focus on the selection of the good
microorganisms for this foam and the new PU foam should be synthesized such as HTNR blended with other
biodegradable polyester.
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