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Abstract

The current research addresses the development of a biodegradable polymer composite based on natural rubber
and naturally existing cellulose for manufacturing dipped products such as gloves. It is expected that the
findings of this research would contribute, at least partially, to solve the problem of waste disposal resulting
from dipped products. In this research, screw-pine was used as the source of cellulose and samples were
prepared using 3 different amounts of cellulose. Powdered particles of screw-pine leaves with sizes lower than
180 pm was obtained by drying and grinding followed by sieving and used for preparing filled samples.
Samples with 0.5 wt%, 1.0 wt %, and 1.5 wt % screw-pine particles were prepared. Biodegradability,
mechanical properties, water absorption, thermogravimetric analysis were carried out for thus prepared samples
and the properties were compared with those of a sample prepared without screw pine (control). Structure
determinations of the resulting composites were carried out using FTIR. According to the results, the
biodegradability of samples was increased with increasing the amount of screw-pine particles. But the tensile
and tear strengths were decreased. Based on the present analysis, the sample with 0.5 wt% screw-pine particles
showed optimum properties and identified as the best sample. TGA was carried out for the best sample only and
found a slight decrease in the onset degradation temperature.
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INTRODUCTION

Natural rubber latex is used in many applications
including the manufacture of dipped products such as
latex gloves and balloons. Due to the slow -0
degradation of natural rubber based products, waste H
disposal has become an environmental issue. Hence
the development of biodegradable composite
materials to be used in dipped product manufacture is
a very useful and interesting research. The present OH
research was focused on producing a biodegradable HO 0

composite material based on natural rubber and | d
naturally existing cellulose for manufacturing gloves.

including low cost, abundant supply, durability,
flexibility and higher strength.
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In this regard, screw-pine was used as the source of
cellulose and samples having different amounts of
cellulose were prepared. Screw pine (Pandanus
tectorius) is a small evergreen tree found in coastal
areas. The tree grows up to 6 m height with pop-up
roots which firmly anchor the tree in loose sand.
Leaves are spirally arranged on the stem. They are
usually 90-250 cm long and 5-7 cm wide, with small
white upturned spines along the leave edges. Screw-
pine is considered as a good source of natural
cellulose (Figure 1) (Abral, et al., 2012). Screw-pine
leaves contain different types of natural polymers,
mainly cellulose, hemicellulose, lignin, etc. The
cellulose content of screw-pine leave particles is
approximately 50% of its dry weight (Abral, et al.,
2012). This renewable source has many advantages
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Figure 1 -Structure of Cellulose

MATERIALS AND METHODS

Preparation of Filler

To obtain screw-pine particles, fresh screw-pine
leaves were cut into roughly 1 inch pieces and oven
dried at 105 °C. These dried pieces of leaves were
ground in a domestic grinder to obtain powder. This
powder was subjected to sieving using mechanical
sieve sets and obtained particles with sizes lower than
180 pm. Thus prepared particles were used as the
filler in preparing samples with 0.5 wt%, 1.0 wt%,
1.5 wt% screw-pine filler.
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Preparation of NR Latex Films

Stabilization of 60% natural rubber latex (Dipped
Products PLC, Sri Lanka) was done by adding
potassium laurate and potassium hydroxide. A
dispersion was prepared by adding all compounding
ingredients except natural rubber latex according to
standard formulation for manufacturing gloves
(Blackley, 1997). To the stabilized NR latex solution,
thus prepared dispersion was added and stirred well
using a magnetic stirrer. Finally screw-pine powder
was added to the above solution in the required
amounts to prepare samples with 0.5 wt%, 1.0 wt%,
1.5 wt% of screw-pine filler. Then distilled water was
added to dilute so that the total dry rubber content is
about 40%. The solution was then filtered, poured
into glass tanks, covered and left for drying. The
resulting latex films were removed and used for
curing. The latex films were cured at 120 °C using an
oven (Gallencamp) for approximately 4 min. The
control sample was prepared without adding screw-
pine filler.

Characterization of the Samples
Determination of the Biodegradability of polymer
samples
The soil burial method (Cheong et al., 2010) was
used to determine biodegradability. Three types of
soils namely humus soil, clay soil and red soil were
selected for the testing process. Pieces of samples
were cut (4 cm x 4 cm) from each type of samples
prepared including the control sample and initial
weights were measured using an analytical balance.
These samples were buried in soil and after every two
weeks samples were taken out from the soil and the
weights were measured for 2 months. Each test was
triplicated. The weight loss was calculated using the
Equation (1). The weight loss was used as the
parameter for determination of the biodegradability.
Weight loss % = 220 « 100

Where w; represents the initial weight and w
represents the weight after each 2 week time. Since
biodegradability depends on the type of soil sample
used, an analysis was carried out to determine total
organic matter content and the pH of the three soil
samples used.

Determination of soil organic matter content

Each soil type was measured (10.00 g) in to a
crucible and it was placed in a muffle furnace. The
temperature was increased until a constant weight
was obtained. The final weight of the crucible and
soil was measured.

Determination of soil pH

Air dried soil (20.00 g) was measured and 0.01M
CacCl;, (20.00 mL) was added to it. The solution was
allowed to absorb CaCl, without stirring. Then the
solution was stirred for a few seconds. The soil
sample was filtered and pH was measured by a pH
meter.
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Water Absorption Test

Pieces of samples were cut (4 cm x 4 cm) from each
type of samples prepared including the control
sample and initial weights were measured using an
analytical balance. Each sample was completely
immersed in distilled water and after one week,
weight of each sample was measured. Each test was
triplicated and water absorption was calculated using
Equation (2) (Cheong et al., 2010).

weight gain % = (wf —wi) /wi X 100
where w; represents the initial weight and w
represents the weight after each 2 weeks time.

Mechanical properties

Each sample was cut into dumbel-shaped pieces and
tensile strength was measured by universal testing
machine in 1SO 37-1977 standard and tear strength
was measured in a universal testing machine in 1SO
34-1079 standard using samples cut with a tear cutter.

Thermogravimetric analysis

The blank sample and the sample which showed best
mechanical properties (0.5 wt% screw-pine) were
subjected to Thermogravimetric analysis in the
temperature range of 25-350 °C and at the
temperature increasing rate of 5 °C per minute using
the TGA Instrument (TAS 100, Thermal Station,
Rigaku).

Fourier Transform Infrared Analysis

The blank sample, the sample which showed best
mechanical properties (0.5 wt% screw-pine) and 0.5
wt% screw-pine sample buried under soil for
degradation were subjected to FTIR analysis in the
wavelength range of 500-4000 cm™ using the FTIR
Instrument (Brooker, Alpha).

RESULTS AND DISCUSSSION

Biodegradability (1)

The biodegradability results for the control sample
(0.0 wt%) and the samples containing 0.5 wt%, 1.0
wt%, and 1.5 wt% screw pine (sp) particles are
presented in Figures 2, 3 and 4 for different soil
types, namely humus soil, clay soil and red soil.
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Figure 2- Mean weight loss percentage with time for
samples with varying amounts of screw-pine filler
buried in humus soil.
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Figure 3- Mean weight loss percentage with

time for samples with varying amounts of screw-
pine filler buried in clay soil.
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Figure 4- Mean weight loss percentage with time for
samples with varying amounts of screw-pine filler
buried in red soil.

According to the results, percent weight loss was
increased with the increasing screw-pine particle
concentration from 0.5 wt% to 1.5 wt%, except for
the sample buried in red soil, and a slight weight loss
was observed for the unfilled polymer sample.
Screw-pine mainly contains cellulose (~50%) and
also hemi-cellulose, lignin, starch, etc. (Abral, et al.,
2012). Cellulose and other substances of screw-pine
consist of 1-4f glucosidic bonds between adjacent
glucose residues. This bond is easier to be broken
down than the carbon- carbon bonds in rubber (Dudly
and Fleming, 1996). This could be the reason for
higher biodegradability in Screw-pine filled polymer
samples than in unfilled polymer sample. Natural
rubber consists of double bonds which can absorb
UV light and therefore it can undergo degradation by
radiation (Billmeyer 1976). This could be the reason
for observing a slight weight loss in unfilled sample.
The loss is the highest for humus soil and the lowest
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for red soil. The observed results can be explained by
the fact that the moisture content and the organic
matter content are the highest for humus soil and they
are lowest for the red soil (Table 1). This gives
evidence for containing the highest amount of
microorganism content in humus soil. This supports

the enhanced  biodegradability = caused by
microorganisms in all three types of soil
Table 1: Analysis of Soil samples
Soil type | Moisture Organic matter pH
content % content %
Humus 2.19 0.64 5.98
Clay 2.02 0.41 5.55
Red 2.04 0.37 5.55

Water absorption

The water absorption results for the control and the
samples with varying amount of screw-pine filler are
given in Figure 5.
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Figure 5 —The percent water absorption for samples
filled with varying amount of screw-pine filler

Results show increasing water absorption capacity
with increasing amounts of filler. Cellulose and other
polymers in screw-pine contain hydroxyl groups
which can form H bonding with water molecules.
The ability to form H bonds with water increases
with increasing screw-pine particle concentration.
This could be the reason for above observation. As
expected, water absorption is decreased with time in
all the samples due to saturation effects. Other reason
for this observation could be the hydrolysis of
glycosidic bonds in cellulose and in starch producing
glucose residues. This was evident from the
appearance of turbidity in water.

Mechanical Properties

Figure 6 and 7 show variation of tensile strength and
tear strength, respectively for the control sample and
for the samples with varying amount of screw-pine
filler.



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(2):56- 60 (ISSN: 2141-7016)

Tensile strength /Mpa
-~

| L
0 -
0 05 1 15

particle amount %

Figure 6 — The variation of tensile strength for the
control sample and for the samples with varying
amount of screw-pine filler.
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Figure 7 — The variation of tear strength for the
control sample and for the samples with varying
amount of screw-pine filler.

According to the results, both tensile and tear
strengths are decreased as the amount of filler
incorporated is increased. One of the reasons is the
poor physical interactions between screw-pine
particles and polyisoprene. These interactions could
be Van Der Waal interactions. In addition, when the
amount of screw-pine is higher it may hinder the
formation of Sulfur crosslinks. The sample with the
smallest amount of filler showed both the tensile and
tear strength values close to those of the control
sample. Hence this sample was considered as the best
sample  for  further analysis although its
biodegradability is less than other two filled samples.

Thermogravimetric Analysis (TGA)

The TGA curves for the control sample and the best
sample (0.5 wt% screw-pine) are shown in Figure 8.
According to the curves the onset degradation
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temperature is only slightly decreased compared to
that of the control sample. Up to the onset
temperature the 0.5 % screw-pine filled polymer
sample has weight loss of 14% while the unfilled
sample gives 12%. This may be due to the removal of
water and the decomposition of cellulose.
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Figure 8 — TGA curves for the control sample and for
the samples with 0.5 wt% screw-pine filler.

FTIR Analysis

FTIR spectra were obtained for the control sample
and for the best sample (0.5 wt% screw-pine) to
determine structural compositions. According to the
spectra, it could be seen that in addition to the
characteristic peaks observed for unfilled rubber
sample, and for pure screw-pine, there were some
peaks which could possibly be due to physical
interactions between rubber and screw-pine particles

CONCLUSION

In order to develop a biodegradable composite
material to be used in dipped product manufacture,
screw-pine leaves were used as a source of cellulose.
The biodegradability of the samples thus prepared
was increased with increasing the amount of screw-
pine particles. But the tensile and tear strengths were
decreased. The composite sample which gave
improved biodegradability without losing much of
the tensile and tear strength showed only a slight
decrease in the onset degradation temperature.
Therefore, by preparing composite materials with
very low percentage of screw-pine leaves which are
abundant in coastal areas, biodegradability can be
enhanced without losing much of mechanical or
thermal properties.
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