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Abstract

This work reports a method for reducing the longevity of the polymer content
of Municipal Solid Wastes (MSW) in the environment. In this approach bio-
degradability was imparted on polyethylene, a popular, low-cost commodity
polymer, using starch additives. Corn starch and cassava starch in varying
proportions were compounded with suitably prepared polyethylene powder
and compression-moulded in steel dies. Alongside tensile test, biodegradabil-
ity tests were carried out by burying samples for 28 days in two different soil
types with different pH, fungi and bacteria load. Cassava starch additions were
found to be better at imparting biodegradability. Also, alkaline soil types with
higher bacteria load seemed a more favourable environment for accomplish-
ing biodegradation in the starch-polyethylene composites.
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1. Introduction

One of the natural consequences of today’s industrialised world and improved
living standard is the rising tide municipal solid wastes (MSW). MSW include
wastes such as durable goods (tires, furniture); nondurable goods (newspapers,
plastic plates/cups); containers and packaging, (milk cartons, plastic wrap) and
other wastes, such as yard waste and food [1]. The wastes emanate from agricul-
tural, industrial, residential, institutional, municipal, commercial, mining, rec-
reational and other human activities [2]. If unchecked, these wastes have the ca-
pability of reversing the very gains of industrialisation and impairing on the
quality of life of the citizenry. Indeed, social and environmental ills are directly
attributable to ineffective MSW disposal. A study by Sam [3] for instance estab-

lished the links between urban flooding problems and ineffective MSW man-

DOI: 10.4236/msa.2017.81003 January 5, 2017



http://www.scirp.org/journal/msa
http://dx.doi.org/10.4236/msa.2017.81003
http://www.scirp.org
http://dx.doi.org/10.4236/msa.2017.81003
http://creativecommons.org/licenses/by/4.0/

A. Raheem et al.

agement practices, while improper disposal of waste contribute to disease epi-
demics (such as cholera dysentery diarrhoea) and land degradation [4].

Composition of MSW varies widely from developed to third world societies.
Domestic wastes are those that are collected from dwelling places, such as or-
ganic matter resulting from preparation and consummation of food, rags, nylon
and ashes which are the remains after various cooking and heating processes [5].
A common trend nowadays however is the increasing proportion of its polymer
content. Staley and Barlaz [6] put the proportion of plastics component of MSW
at about 10.6% =+ 3.0% for selected municipalities in the United States. In Abuja,
Nigeria data available for the year 2000 put the proportion of plastics in MSW at
4.8% [7]. This situation is due to partly the popularity of polymers the world
over for products ranging from drinking cups and disposable wares, to packag-
ing materials and automobile parts. It is also due to the tendency of polymers to
accumulate in the environment for long periods due to their relative inertness to
biological agents. This situation may get even worse as the ease of processing,
low-cost and readily available feedstock will ensure that plastics continue to find
newer areas of application.

An effective approach at mitigating MSW would involve a measure targeted at
removing the burgeoning polymer content in it. Common methods of disposal
of MSW such as composting and incineration are sadly not the proverbial “silver
bullet” for MSW with significant polymeric material content. Composting is the
most widely practised method of MSW disposal in Nigeria, with spontaneous
compost heaps dotting the landscape. Composting relies on biological agents
(e.g. bacteria, fungi) and ambient environmental conditions of temperature and
moisture to breakdown MSW into harmless biomass. Polymers being famously
resistant to biodegradation remain un-reduced in the compost, only to get car-
ried away by wind, animals or scavengers, ultimately ending-up in undesirable
places. Incineration, on the other hand, particularly the open-air type, has asso-
ciated health risks posed by the emission of toxic materials from incinerators [8].

The problem of what to do with the polymer component of MSW is being
tackled the world over with the development of many intuitive solutions. Solu-
tion methods popular in more developed climes such as recycling are sadly slow
in catching up in less developed societies. In the US for instance, 33.2% of MSW
produced in 2007 were recycled or composted [9]. Also, the development of
biodegradable polymers has proved popular in developed countries. As such, the
world-wide consumption of biodegradable polymers has increased from 14 mil-
lion kg in 1996 to an estimated 68 million kg in 2001 [10]. However, relative
higher costs and processing equipment requirements of many of these biode-
gradable polymers forestall their successful in-roads into low-resource environ-
ments like Nigeria. Bio-degradable plastics with properties similar to conven-
tional plastics can be synthesized from starch. However, large scale production
in industry is very much costly so it has not been used extensively [11]. Eco-
nomic concerns must be addressed objectively as biopolymer materials are de-
veloped [12].

K2
035: Scientific Research Publishing

27



A. Raheem et al.

The aim of this work was to develop an easily deployable, low-cost biode-
gradable polymer based on polyethylene, a cheap and widely used commodity
polymer and starch, a by-product of agricultural processing. This solution ap-
proach should mitigate the deleterious effect of polymers on the environment
through the use of a composite capable of breakdown by normally attainable

composting conditions.

2. Experimental Procedure
2.1. Materials for This Work

1) Polyethylene (PE): This is a low-cost and commercially available polymer
popular with polymer processors in Nigeria. The PE used for this work was the
low density polyethylene.

2) Corn Starch (CNS): This is starch obtainable from the maize grain, com-
monly known as corn. It is also grown from the endosperm, or white heart, of
the corn kernel. It has a distinctive appearance and feel when mixed raw with
water or milk, giving easily to gentle pressure but resisting sudden pressure. The
composition of CNS varies depending upon the feedstock, but it may be consid-
ered to be approximately 25% amylase and amylopectin [13].

3) Cassava Starch (CSS): A typical composition of starch is moisture (70%),
starch (24%), fibre (2%), protein (1%) and other substances including mineral
(3%) [14]. Among the starchy staples, cassava gives a carbohydrate production
which is about 40% higher than rice and 25% more than maize, with the result
that cassava is the cheapest source of calories for both human nutrition and

animal feeding [15].

2.2. Preliminary Processing of Materials

The starting materials were subjected to preliminary processing outlined as fol-
lows.

1) PE: The PE, from injection-moulded products, was cut into pieces small
enough to handle, and pulverised into fine powder using the abrasive disc of a
bench-top electric grinding machine. The PE was ground into fine powder and
classified to between 50 - 250 pm using the 250 pm and 50 um wire mesh of a
sieve-shaker machine. This was necessary to enable subsequent dry blending
with additives of comparable sizes.

2) CNS and CSS: Both the CNS and CSS were prepared in the same manner.
These two starch varieties were initially extracted in the wet form and sun dried.
About 500 g mass was later dried in an electric oven at 80°C for 4 hrs to signifi-
cantly remove retained moisture. After this oven drying, the powders were no-
ticeably dry to the touch. It was then ground to powdered form. The drying step
was necessary to facilitate dry blending of the starch powder; damp powders do
not blend well and rather tend to form clumps.

Three different sets of samples were prepared. The first set, designated as
Sample A, was a mixture of varying percentage proportion of CNS and PE. The

second set, designated as Sample B, was a mixture of varying percentage propor-
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Polymer

tion of CSS and PE. The volume fraction of starch powder in both sample sets
was varied between 5% and 20%.

The third set, designated as Sample C was made up of 100% polyethylene and
served as the control sample. The percent composition of the various samples

sets is summarised in Table 1.

2.3. Production of Tensile Test Specimens

A flow diagram illustrating the fabrication process is presented in Figure 1.
Specimens from each of the sample sets were compression moulded to ASTM
D638 46T tensile test pieces at low pressures in a steel die. The specimens were
compounded to such volume that was sufficient to fill the die cavity. For all the
specimens an overall equivalent mass of 5 g was prepared for each composition
set. Thus, for a specimen from composition set Al, a 5% of 5 g (i.e. 0.25 g starch)
was mixed with 4.75 g PE. Similar procedure was used to determine the compo-
sitional weight of constituents for the other specimens. PE and the starch addi-
tives were compounded by dry blending using the dry cup of a domestic kitchen
blender.

Each prepared mass powdered samples were poured into the die and heated
on an electric hot-plate to near melting point. The die was closed by compress-
ing the molten compound with the male half of the die, the entire assemble was

then cooled with a cold water spray.

Table 1. Formulations of different PE-starch samples.

Formulations PE (%) CNS (%) CSS (%)
Al 95 5 -
A2 90 10 -
Sample A
A3 85 15 -
A4 80 20 -
Bl 95 - 5
B2 90 - 10
Sample B
B3 85 - 15
B4 80 - 20
Sample C (control) C 100 - -
e 14 R
Forming of pellets Blending of polymer

Grinding of formed

i i owder with dry starch
Pellets mmmmlp  into simple flat — polymer to powder > P o

L profiles

powder in a rotary mixer

P
Compression moulding of
starch-based biodegradable

L polymer in heated mould

Figure 1. A flow diagram illustrating the fabrication process.
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2.4. Materials Testing
2.4.1. Tensile Test

Tensile test of the compression-moulded specimens was done using Instron
Electromechanical Testing System, Model 3369. The tensile test was carried out
to determine the effect of the various starch additions on the resulting tensile

strength of the composites.

2.4.2. Biodegradability Test

Biodegradability test was done by burying batches of samples from each compo-
sition set in two different soil types for 28 days. These soil types were designated
as soil type 1 and soil type 2. Close-up photographs of the surfaces of each test
sample were taken to provide a visual record of the surface structure of the ma-
terial prior to burying. The photographs of the samples were also taken at the
end of the twenty eight days period.

3. Results and Discussions
3.1. Tensile Test

The results of tensile tests carried out on the two sample sets and the control are
presented in Table 2. From Table 2, the control sample of 100% PE had a tensile
strength of 5.23 N-mm™>, however, right from 5% starch; a sharp decline in ten-
sile strength was evident on both sample sets. A plot of ultimate tensile strength
vs. starch percent is depicted in Figure 1 for sample sets A and B. From Figure
2, it was observed that the tensile strength of the composite decreased as the
proportion of both CSN and CSS was increased.

The mixtures of the starch and PE may be classed as particulate reinforced
composites with a PE matrix. This composite class characteristically does not
achieve high strengths like dispersion harden composites. They are aimed

mainly at imparting unique properties on a matrix rather than improving

5.00
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2.50
2.00
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Tensile Strength (N/mm?)

1.00

0.50 ——PE + CNS —l—PE + CSS
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0 5 10 15 20 25
% Starch

Figure 2. Plot of tensile strength values vs. percent starch for sets A (PE + CNS) and B
(PE + CSS).
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Table 2. Results of tensile test.

Formulations Ultimate tensile strength (N-mm™2)
Al 4.15
A2 3.22
Set A
A3 2.72
A4 2.58
B1 4.48
B2 3.53
Set B
B3 2.90
B4 2.87
Set C (control) C 5.23

strength. Hence the drop in strength as percentage of starch increases was ex-
pected. The drop in strength could not be used as a criterion for making conclu-
sions on viability of the composite batches. The strength requirements of in-
tended applications, either load-bearing or non-load bearing, would be amore
relevant deciding factor in selecting particular compositions for desired end use.
Furthermore, a less drastic fall in tensile strength values was noticed for sam-
ple set B containing CSS. Finer dispersed phase in a composite usually results in
better strength and ability of the matrix to accommodate higher loadings of the
additive. Hence this observation may be an indication that this starch type may

be capable of forming smaller-sized particles.

3.2. Biodegradability Test

An analysis of the soil types was carried out to determine the pH, soil composi-
tion and microbial content of each soil type were determined. This is presented
in Table 3. The two soil samples are close to neutral with soil sample 2 tending
to be slightly alkaline. Soil type 1 was clayey while soil type two was sandy. For
soil type 1, Figure 3 show pictures of the sample surfaces for set A after burying
for 28 days and prior to burying. In this soil type, sample set A exhibited an in-
creased level of degradation as the proportion of starch was increased. This can
be as seen by the relative extent of loss of surface material. This degradation is
most severe in sample A4 with 20% CNS.

For sample set B in soil type 1, a remarkable departure from the degradation
behaviour of set A can be seen in Figure 4. In this sample set, the specimen with
the lowest proportion of starch, (sample B 1) degraded the most while those with
the more proportions degraded less. This seemed initially counter-intuitive, but
could be due to a number of factors including mixing of the polymer and corn
starch, moulding into tensile specimen amongst other factors.

For Soil type 2, Figure 5 shows samples set A after burying for 28 days. The
samples showed very little degradation. Figure 6 for sample set B showed evi-

dence of only slight degradation as the CNS content was increased.
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Figure 4. Degradation of sample set B after 28 days in soil type 1.
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Figure 6. Degradation of sample set B after 28 days in soil type 2.
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Table 3. Analysis of soil types used in the biodegradability test.

Soil pH Soil composition Microbial content (cfu/gram)
type H,0 CaCl, Sand (%) Silt(%) Clay (%) Bacteria Fungi
ST1 7.0 6.8 42 14 44 6.0 x 107 1.5 x 10°
ST 2 8.3 7.0 68 14 18 3.3 x 107 5.0 x 10*

From the forgoing discussion, it could be inferred that both sample sets de-
graded better in soil type 1. This increased level of degradation could be due to
the fact that as shown in Table 2, the bacteria load of the soil type 1 was more
than in soil sample 2. Hence, more active biological agents are available to carry-
on the degradation. Also, composites with CSS tend to degrade better than those
with CNS. For instance in soil type 2, samples with CNS remained largely unde-
graded due to the soil’s low bacteria agent load. This condition notwithstanding,
degradation was still noticed in samples with CSS. In soil type 1, the most bio-
logically active of the two soil types, the control sample, specimen C remained
un-degraded as can be seen in Figure 7. The by-products of the degradation are
fine polymer powders which are more easily naturally degraded due to their fine
particle sizes.

Degradation occurs in plastics via different mechanisms. The mechanism of
degradation may be by UV radiation (photo-degradation), heat (thermal degra-
dation), ambient oxygen (oxidation) or a combination of several mechanisms.
Conventional plastics such as PE are actually biodegradable. The problem is that
the length, about 100 years, for this to be completely realised far exceeds that for
normal organic materials. The presence of an organic additive such as starch
however should promote biodegradation by indirectly influencing the more ag-
gressive mechanisms of polymer degradation. Starch is an inexpensive and read-
ily available natural polymer and can be processed into thermoplastic materials
with the aid of plasticizers and under the action of heat and shear [16]. However
this is a costly and energy-intensive process. Furthermore, poor water resistance
and low strength significantly affect the use of such predominantly starch-de-
rived polymers from mainstream use.

The presence of the starch-based PE composite in a biologically active me-
dium, such a compost heap, would result in the preferential bio-degradation of
the starch. The removal of the starch, an integral part of the matrix, weakens the
composite and results in localised structural break-down. The ensuing loss of
surface material further exposes underlying materials to degradative influences.
Also, lost surface materials are expected to eventually facture into a powdery
form. Degradation, being a chemical reaction should be expected to be increas-
ingly aggressive in these smaller-sized particles. Even the otherwise slow rate of

biodegradation should increase by several orders of aggressiveness.

4. Conclusions

As regards the result and analysis of this work, within the limit of experimental

34

K2
e
o2

0% Scientific Research Publishing



A. Raheem et al.

Figure 7. Control specimen C after 28 days in soil type 1.

errors, it can be concluded that both corn starch and cassava starch could impart
biodegradability in polyethylene, with cassava starch being the better of the two.
The soil type in which the polymer was buried also affects the biodegradability of
the polymer. Soil types with high clay content, higher bacteria load and slightly
alkaline tends to promote biodegradability.

The techniques and materials used in this work are easily adaptable to low-
resource countries. The existing knowledge of polymer compounding in the Ni-
geria is well-suited to the actualisation of this novel approach of degradable PE
for MSW mitigation.
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