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Abstract

This study provides an overview on green composites degradability. Practi-
cally, the main drawbacks of using natural fibers are their poor dimensional
stability, degradability and high degree of moisture absorption. While, end
use of product from natural fiber filled or reinforced composites has become
subject of concern to material engineers and scientist. The major properties
of natural fiber reinforced polymer composites are greatly dependent on the
hydrophilic tendency and dimensional stability of the fibers used, morpholo-
gy aspect ratio for long fiber, while voids for powder fibers. The effects of
chemical treatments on cellulosic fibers that are used as reinforcements for
thermoplastics were studied. The chemical source for the treatments is alka-
lization. The significance of chemically-treated natural fibers is seen through
the improvement of mechanical properties. The untreated fiber composites
degrade faster in municipal soil compared to treated fiber composites.
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1. Introduction

Research and advancement on natural fiber composites are continually rising

and their function is growing into novel field of usage [1] [2] [3] and [4]. The

attributes of natural fibers such as; availability, low density, cost effectiveness,

renewability, and biodegradability act as agent in the replacement of usual fil-

lers/reinforcements of composites, like carbon and glass, into the novel alterna-

tives. However, problems associated with the use of synthetics materials force
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legislation to enact law that protects the environment in many countries around
the globe [5] [6] and [7]. Also the search for low cost and superior materials in
many advanced technologies such as automotive, nautical, building as alterna-
tive to synthetic materials has received prompt attention [8]. Therefore, utiliza-
tion of these fibers can save environment and humanity as it becomes house for
microorganism that harbors diseases. In spite of the above listed good attributes
of the natural fibers and its composites, there are some hindrances that may re-
duce their growth into broader use [8] [9] and [10]. However, [11] [12] and [13]
have outlined more advantages of using agricultural wastes as fillers in ther-
moplastic composites such as: availability, cost effectiveness, biodegradability,
low energy consumption, low density, high specific properties etc. Most natural
fibers from these wastes are used as reinforcements or fillers in polymer compo-
sites for creating technology innovative materials as a function of cost [7].

The use of thermoplastic poly lactic acid (PLA) in demanding technology ap-
plications has increased in recent time [14]. Due to the attractive properties of
high melting point, high density and good chemical inertness, it becomes an
important choice for husk, fiber filler, compounding and blending work [15].
Because of composites nature, it can be remelted and recycled for various pur-
poses, thus PLA composites are profitable and environmentally friendly. Al-
though a good work has been done in varieties of areas on agro waste compo-
sites, the current literature on millet husk is limited with respect to their compo-
sites formations. Thus, this topic forms the basis for this study. The aim of the
investigation is to see the degradability possibility of millet husk powder (MHP)
fibers as filler poly lactic acid (PLA) composites by soil techniques.

2. Materials and Methods
2.1. Materials

The millet husks were collected from farm site, dumped after milling at Bulum-
kutu Kasuwa Area of Maiduguri Borno, Northeastern Nigeria. These husk resi-
dues were left in an open air on the farm after harvest. For purpose of this study,
4 kg of materials were collected one month after the milling on the farm site.
The millet husks were initially dried at 105°C for 24 hr in an industrial oven for
the purpose of removing excess moisture according to ASTM D4442, (2010)
standard test procedure. Fibers were chemically treated by using sodium hy-
droxide (NaOH) or mercerization and milled using pulverizing machine. Poly
lactic acid (PLA) grade 2002D was a Nature works LLC (USA) IngeoTM grade,
and it was supplied in the form of granules. The properties of the matrix were:
density, 1.25 g/cm’ glass transition temperature (Tg), 59°C; melting point,
152°C; and melt flow index (MFI), 30.3 g/10min. PLA undergoes thermal de-
gradation at temperatures above 200°C by hydrolysis, lactide reformation oxida-
tive main chain scission, and inter- or intermolecular transesterification reac-
tions that needs processing temperatures above 185°C - 190°C. The millet husk
fibers and world millet production outlook are shown in Figure 1, while Table 1

depicts the major producing area of millet per metric tons.
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Figure 1. (a) Millet husk fibers and (b) world millet production outlook [28].

Table 1. Major Millet producing areas (Millet Production by Country in 1000 MT) FAO, [29].

Country India Nigeria Niger Mali China World (estimated)

23,500 (major)
37,800 (estimated)

Production (tones) 11,000.00 5800.00 3200.00 1600.00 1900.00

2.2. Rule of Mixtures (ROM)

This process involved the rules guiding the mixing of fiber and matrix in com-
posites formulations. In this study, the ROM was based on the capacity of the

internal mixer (Brabender). Volume of the fiber and matrix was governed by the

rule as: ROM:
V,+V,=1.
me + Vpla = ML‘W

where; V,is volume of fiber, V,, is volume of matrix, V,,,is volume of millet fi-
ber, V,, is volume of high density polyethylene, A, is mixer capacity.

Figure 2 shows the internal mixer and blending process as well as composites
pellets of different fiber loadings. Also Table 2 indicates the Formulation of

MHP-PLA composites.

2.3. Biodegradability Test

Biodegradation is the chemical breakdown of materials by a physiological environ-
ment. The test was carried out base on [16] standard test. The expression is fre-
quently applied relative to ecology, waste management, and environmental remedi-
ation. Organic material can be degraded aerobically, with oxygen, or anaerobically,
without oxygen. Biodegradable polymers may be defined as those that undergo mi-
crobial induced chain scission, leading to mineralization, photo degradation, oxida-
tion, and hydrolysis, which can change a polymer during the degradation process.
The technique adapted for this study is oven-drying of the soil sample according to
[17] standard association of Australia. This process was performed until the soil
weight become equilibrium. The soil moisture content A/, was determined from the
test sample weight before and after drying by using the equation:
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Figure 2. (a) Blending process PC-Internal mixer; (b) Composites pellets of 40, 30, 20
and 10 percent fiber loadings.

Table 2. Formulation of MHP-PLA.

Sample Name MHP Content (wt %) PLA (wt %)
Neat PLA 0 100
MHP-PLA 10, 20, 30, 40 60, 70, 80, 90
w,-Ww,
M, =—2""3x100 (1)

3 1
where W, is weight of tin (g), W, is weight of moist soil plus tin (g), W, is weight
of dry soil plus tin (g).

Figure 3 shows Flexural Test specimens 150 x 12.7 x 3 mm used for the in-
vestigation of the soil biodegradability. Whereas, Figure 4 Schematic diagrams
of tensile and flexural test specimen.

Soil burial tests of all composites of various loadings were buried in containers
full of soils by random patterns. Samples were conducted to observe the possible
degradation in soil. Biodegradation studies were performed in the metrology la-
boratory of Federal Polytechnic University Damaturu, Nigeria. After the soil
burial tests have been conducted, the composite specimens were collected,
washed with water and dried to constant weight in the oven at 105°C for 24 hr.
After that the samples were weighed by using electronic sensitive balance with a
precision of 0.1 g and the weights of the specimens before and after soil burial
tests were recorded.

Thereafter, the samples were collected from the container after 120 days for
mechanical and microstructure properties analysis. For all the investigations, an
average of five (5) test samples was taking. Figure 5 shows the composites sam-

ples buried in municipal soil.

2.4. SEM Microstructural Observations

The microstructure observations were carried out by using the fractured surface

after tensile and impact test of the composites. It was examined using scanning
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Figure 3. Flexural Test specimens 150 x 12.7 x 3 mm.
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Figure 4. Schematic diagrams of tensile and flexural test specimen.

Figure 5. Soil burial tests.

electron microscope (SEM model S-3400 N HITACHI, 20 kV). All the speci-
mens were coated with layers of gold before SEM examination with the aim to
determine the dispersion of the millet husk fiber in the polymer matrix and to

study the uniformity of the composite composition or the fiber-matrix adhesion.

3. Results and Discussion
3.1. Biodegradability of MHP-PLA Composites

Figure 6 depicted the degradation of MHP-PLA composites respectively. The

biodegradability of polymer composites was carried out in stages. In this
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Figure 6. Percentage weight retention as function burial time of MHP-PLA composites
soil burial (municipal soil).

investigation, biodegradation of poly lactic acid and its composites go through
two procedures. Firstly, hydrolysis of ester linkages took place. This stage may be
hastening by acid or base and had tempered by two parameters; moisture and
temperature point. It was revealed that at the initial phase of the degradation,
none or insignificant microorganisms were concerned. Hydrolysis of PLA sam-
ples were preceded by production of water soluble compound and lactic acid.
Metabolization via microorganism into carbon dioxide, biomass and water fol-
lowed afterward. Similar finding was reported by [18]. Particularly PLA are
mostly opposed to attack by microorganisms in soil under normal conditions as
it was also observed by [19].

Therefore, PLA does not easily degrade in normal municipal soils required an
elevated temperature to start the biodegradation. Figure 6 revealed that after
eight weeks of burial, the shapes are still intact and degradation happens insigni-
ficantly and slowly. Investigation by [20] revealed that PLA bottles made of 96 %
L-Lactide showed little degradation due to their highly ordered structure and
therefore highly crystalline. Thus relative humidity and temperature plays vital
roles in the rate of polymer matrix and it composites degradation [21]. Even
though there were no significant changes in shape of the samples, close exami-
nation revealed micro pores that could affect mechanical properties of the com-
posites in 30% and 40% fiber loadings samples at week 6 and 9 respectively. This
attributes indicated progression in degradation of the composites. However, the
decompositions in municipal soil progressed more severely with burial time. It
was observed that as the molecular weight reduced microbes in the soil start to
digest the lower molecular weight of lactic acid generating carbon dioxide and
water as similar findings was also reported by [22].

The second phase of the biodegradation was particularly better of MHP-PLA
composites over most HDPE composites that were degraded through single
phase process involved microbial attack on the polymer main body [23]. PLA
was said to have high degradation at elevated temperature between 55°C - 70°C
[24]. But at lower temperature and humidity, stability of PLA products are con-
sidered being acceptable [25]. Degradation of high fiber loading are faster and
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severe, this was due to high amount of cellulose and can easily absorb moisture
which facilitate the degradations. Figure 7 shows the hydrolysis mechanism of
PLA.

3.2. Visual Examinations of MHP-PLA Composites

The photographic examinations of the composites samples were investigated
during biodegradation. At the initial buried period most composite did not
showed sign of decomposition. The surface morphologies of MHP-PLA compo-
sites decomposition in soil burial were studied. The visual photographs of PLA
composites before degradation indicated suave surfaces. The municipal soil
burial after two months the composites surface became rough, and many ravine
appeared on the surface of the composites. It was vividly observed the genera-
tions of ravines on the surface of the entire composites after 100 days burial in
municipal soils but with more pronounce on samples buried in municipal soil.
The longer the burial period, the more severe the degradation became as a func-
tion of fiber loading. Therefore, the different composites of various fiber load-
ings established the decomposable attributes as can be seen in Figure 8. While
after 21 days burial in municipal soil, the test specimens did not indicated clear
signs of degradations for all the fiber loadings. The degradation of the compo-
sites shows very little signs as confirm by the weight loss of the composites over
a period of time. Similar phenomena were reported by [26] and [22].

The physical observations showed that there was likelihood of changes in
attributes such as flexures and brittleness after 45 days of burial time for the PLA
composites. It was also observed that the PLA composites degrade faster this was
due to nature of the matrix and microbial activities in particular soil. Other
possible cause was due to reformation in the nature of the structure of the PLA
composites under temperature variations during degradations. Humidity and
temperature are considering as major ingredient for biodegradation apart from
the degradation period. These factors often affect the characteristics of the com-

posites under investigations. Therefore, it was revealed that increased fiber

(@) H,0
{'% /‘\(N/ﬂ wo"'_. {O\Hq\ s H\% )\‘,}«OH
H 0 < ) H OH o

m n m+1 n+1

() H,0
0. O (o}
H’{ W)ﬂ\o 4 OH —> H{/ W)H\OH + HO. oH
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wate icrobe
diffuse into environment H,0 + CO, + biomass
Figure 7. Hydrolysis mechanism of PLA in soil (adapted [9]).
DOI: 10.4236/0jcm.2019.93018 306 Open Journal of Composite Materials


https://doi.org/10.4236/ojcm.2019.93018

A. A. Hammajam et al.

Figure 8. Visual images of 40%, 30%, 20%, and 10% fiber loading MHP-HDPE compo-
sites after 120 days burial in Municipal soil.

loadings led to increase the rate of biodegradation in municipal soils which in-
fluences the PLA composites. At the same time, water absorption within the
composites enhances the microbial activities and development which help to
start the biodegradation [27].

3.3. Percentage Elongation

The percentage elongations of the MHP-PLA composites after soil burial were de-
picted in Figure 9. There was better percentage elongation of MHP-PLA compo-
sites even after burial in municipal for 120 days at 20% fiber loading, then it de-
creased as the fiber loading increase. The findings revealed that percentage elonga-
tion of composites type decreased after soil buried in municipal soil. This was ob-
served for 20% fiber loading of MHP-PLA composite which was 18.2% after bu-
ried in municipal soil and highest at 13.2% when compared to neat PLA of 7.1%.

3.4. SEM

SEM micrographs of MHP-PLA fractured impact surface post soil burial. Figure
10(a) revealed the appearance of fiber agglomeration in a transverse direction and
images (Figure 10(b) and Figure 10(c)) indicated fractured interface between fiber
and matrix at the edge of the specimen. Figure 10(a) revealed fiber-matrix debond-
ing attributes of MHP-PLA specimen post burial in municipal soil, whereas images
Figure 10(c) and Figure 10(d) of the figure show fiber decay within the specimen.
However, the micrographs of MHP-PLA composites post soil burial in municipal
soil indicated sign of degradation. The images from Figures 10(a)-(c) also revealed
appearances of fiber agglomeration and fiber-matrix debonding as well as fiber pull
out. It was observed that there very slight difference between specimens buried in
municipal soil for MHP-PLA composites. Further, Figures 11(a)-(d) prove micro-
graph of MHP-PLA composites (a) 10% (b) 20% (c) 30% (d) 40% fiber loadings of
before soil burial in Municipal soil. Thus, composites defects such as fiber-matrix
debonding, fiber agglomeration, fiber pull out and decay served as stress concentra-

tors thereby affecting the mechanical properties of the composites.
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Figure 9. Elongation at break of MHP-PLA composites soil burial (Municipal soil).
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Figure 10. SEM micrographs showing microstructures of MHP-PLA composites (a) 10%
(b) 20% (c) 30% (d) 40% fiber loadings of after soil burial in Municipal soil.

Drawing from the experimental evidences, discussions and ideas presenting the
conclusions can be drawn. The alkali treatment of the fiber improves the interfa-
cial bonding between the fiber and matrix leading to increase in mechanical

properties compared to untreated composites. The biodegradability of MHP-PLA
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Figure 11. SEM micrographs showing microstructures of MHP-PLA composites (a) 10%
(b) 20% (c) 30% (d) 40% fiber loadings of before soil burial in Municipal soil.

composites was shown to be fibers and time durations dependent. The degrada-
tion of neat PLA composites buried in municipal soil indicated few differences
as function of burial time. The MHP-PLA composites degrade faster but more
pronounce in municipal soil. While it indicated slight dimensional changes
showing degradation in municipal soil. The composites at 40% fiber loadings
revealed the highest rate of decompositions in municipal soil with time as the
main determining factor. The soil burial has significant effects on significant ef-
fects on mechanical properties of the composites compared to unburied compo-

sites.
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