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INTRODUCTION

Abstract

Chemical-base polymers are mostly related to environmental pollution since their poisonous,
non-biodegradable wastes, and negatively impact plants, animals, and people. In many
locations where petroleum-based plastics are used, bioorganic polymers and biomaterials can
play a promisingrole and are accepted. In one such attempt, glycerol was used as a natural
plasticizer, and cornstarch was used to create bioorganic polymers and biocomposites.
Resultinginahighly degradablebioorganic polymer in water andsoil, display FE-SEM images
of a BOP's top and cross-section views, flat surface and smooth, the inner structure of BOP
does not demonstrate any bubbles, cracking, flipping, or splitting., estimate the optical band
gap indirect of BOP of 3.69 eV that can absorb 96% of UV light and transmit 98 % of visible
light. The FTIR assay detects the functional aggregates of the BOP as well as the presence of
a hydrogen bond in the BOP matrix. Raman spectroscopy detection composition and scope
distribution of the various components in a prepared BOP. The decay constants of BOP were
gagedas 12.4+ 1.8and 3.49 +£0.41 for the water and soil, respectively. The decay valuesshow
an acceptable variation due to the nature of the BOP on one side and the water and soil on the
other side. These findings conclude diverse applications highlighting BOP as a candidate, e.g.,
UV screening or protective layer, food packaging, and replacing the chemical fertilizer with
BOP agent to deliver the organic substancesto the plants.

Keywords: Green Synthesis; bioorganic; polymer; optical properties; degradation.
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plastics have contributed billions to the world

Petrochemical-based polymers have a long  economy, yet their non-degradability poses a
polymeric chain and are utilized in various  significant challenge to the ecosystem and has
applications because of their adaptabilityandcheap ~ contributed to several environmental problems [3].
cost, are widely used [1][2]. Petroleum-based  The fact that petroleum-based plastics are not
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biodegradable or easily broken down makes them a
major ecological problem. Therefore, finding
sustainable replacements for these products is an
immediate priority [4][5].

Biodegradable  plastics, which may be
manufactured from either naturally occurring
bioorganic polymer (BOP) or synthetic bio-based
polymer, appear to be a viable option to completely
replace or significantly reduce the reliance on
conventional plastics and the pollution they
produce [6][7]. Furthermore, BOP originating from
renewable resources like animals and plants can
resolve the environmental issues related to the
rising usage of petroleum-based plastics and the
difficulty brought on by the depletion of oil
reserves, Natural fabrics, cellulose,
polysaccharides, proteins, lipopolysaccharides,
polyhydroxyalkanoates, and glycolipids are all
examples of BOP that can be used for ecological
purposes [8][9]. Because of their versatility and

functional properties, including low density,
excellent absorption capacity, gas,
biodegradability, water vapour, and lipid

permeability, BOP offers a viable alternative to
traditional plastics. They have several applications
inmany industries, including agriculture, medicine,
packaging, food service, textiles, etc., [10].

Starch is the most commonly utilized in BOP
production for its high optical performance, high
degradation, and the main ingredient in almost half
of all commercially available BOP [11]. In addition
to their widespread use in packaging, the
production procedure of the starch-based BOP is
not complicated. Starch’s tensile qualities make it
ideal for use in the manufacturing of packing
materials. The majority of plant species synthesize
this polysaccharide. This carbohydrate is a vital
part of the human diet and can be found in massive
quantities in staple foods including cassava, rice,
maize (corn), potatoes, wheat, etc. A large number
of glucose molecules linked together by glycosidic
bonds characterize the carbohydrate known as
starch. Corn starch was used to create a
biodegradable polymer with tunable surface
properties starch powder non-toxic, tastes, smells
neutral, and semi-permeable to biological and
carbon dioxide. Starch contains both of helical and
linear amylose and branching amylopectin [12].
Depending on the plant, amylose ranges from 20—
25% and Amylopectin from 75-80% by weight;
Amylopectin dwarfs amylose. Starch swells and
bursts when heated. The semi-crystalline structure
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is destroyed, and small amylose particles percolate
out of the granule to create a network [13]. Glycerol
is typically mixed with the starch to give it a more
malleable texture. The BOP desired properties can
be engineered by adjusting the amounts of the
additives used [14]. Increasing the amylose content
of the bioplastics would improve their tensile
qualities [15]. Ghanbarzadeh et al. found that the
films made based on pure starch are brittle and
fragile, especially compared to films made from
cornstarch, which has a lower concentration of
amylose content [16]. D. Amaliaetal. In (2020) He
used cornstarch derived from corn and ground corn
husk as base material and filler, respectively to
improve the mechanical properties of bioplastic
[17]. M. K. Maricelaet al. In (2019) studied BOP
based on rice starch and cornstarch packaging
applications, various bioplastic films are
synthesized with diverse formulations such as
starch, gelatin, citricacid, and glycerin. In addition
flexibility of the BOP could be improved by adding
rice and cornstarch [18].

To overcome petrochemicals pollution, we
demonstrate cornstarch-based BOP preparation
with large-scale and simple manufacturing. The
optical properties confirm the BOP's capability
to be involved in diverse applications such as
food packaging, UV protective layer, UV
screening, and even could replace the chemical
fertilizer as a good agent (highly degradable
agent in water and soil) to deliver the organic
substances to the plants.

MATERIALS AND METHODS

The chemicals in this investigation were
purchased from Sigma Aldrich and were of
analytical purity; no additional processing was
performed on them; the fine powder of
cornstarch  was purchased from a local
supermarket.

BOP Synthesization

First of all, 1 g of fine powder of cornstarch was
added to a beaker containing 25 ml of DI-H,0,
then, 0.4 ml of CH3;COOH (vinegar) and 0.6 ml of
CsHgOs (glycerol) were merged [19]. The mixture
was stirred for 10 minutes, as illustrated in Figure
1a, secondly, the whole mixture was localized on a
hot-plate stirrer at 80 °C for 45 minutes to
polymerize the solution, as shown in Figure 1b. The
resulting BOP shows a significant increase in
viscosity. A solution-casting technique was used to
apply the BOP solution on a petri dish (10 cm) and



Al-Mustansiriyah Journal of Science
ISSN: 1814-635X (print), ISSN:2521-3520 (online)

Volume 35, Issue 1, 2024

DOI: http://doi.org/10.23851/mjs.v35i1.1404

allowed it to cool down at room temperature before
drying the thick films for 16 hours at 60°C (Figure
1c). Finally, the thick layer of BOP was divided
into 18 samples with dimensions of (1 x 1 cm?) and
stored in a tightly closed glass container at room
temperature. The degradation investigation was
carried out for 9 samples in the water with a pH
value of 7, meanwhile, the other 9 samples were
placed into dried soil with an average humidity
value of around 60 %. Every 48 hours, one sample
is taken out either from water or soil and then
recording the t\hickness change.

c)

H,0 + Cornstarch + Vinegar + Glycerol ~ BOP film after drying
80 °C for 45 min. at 60 °C for 16 hours.

H,0 + Cornstarch
Magnetic Stirrer for 10 min.

Figure 1. Schematic of cornstarch-based BOP fabricating, a)
adding vinegar and glycerin to the glass container with a
mixture consistingof DI water and fine powder of cornstarch;
b) Heating the entire mixture of step Aat 80 °C in a hot-plate
stirrer for 45 minutes, ¢) Transfer the dense solution of BOP
into a petri dishanddry it.

Overall, the solution-casting technique for BOP
production in this study provides a facile and
effective technique for BOP thick layer generation
and enhanced the mechanical endurance that is
sufficient to handle all the experimental conditions.

Instrumentations and Techniques

An accumulation of BOP prepared by solution-
casting technique was examined using a field-
emission scanning electron microscopy (FE-SEM,
Inspect F-50 SEM). Additionally, Raman
spectrometer type in Via™ was involved to analyze
the POB sample with a laser (532 nm), 1800
grating, at 50x objective using 10% of laser power,
25 accumulated, and 1 s of exposure time during
the measurement. Moreover, Fourier-transform
infrared (FTIR) spectroscopy (BURKER) in the
range of 4000 cm! to 500 cm?® was contributed to
identify the functional groups in the BOP.
Furthermore, the optical properties of BOP were
examined using a UV spectrophotometer type
T70/T80 series UV/Vis Spectrometer. Thereafter,
using a Digital Micrometer accurate to within 1
pm, the average film thickness was determined for
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Bioplastics obtained and tested for thickness.
Water solubility and soil degradation for analysis
through thickness decrease.

RESULTS AND DISCUSSION
Morphology and Structural

Figure 2a and 2b displays FE-SEM images of top
and cross-section views of a BOP, respectively,
prepared by dropping the dense solution onto a
glass substrate. the results of BOP present a smooth
and flat surface of a large area of the BOP. In
addition, the inner structure of BOP does not
demonstrate any bubbles, cracking, flipping, or
splitting. Moreover, the BOP shows a high stability
at 60°C through preparation conditions that could
be evidence for BOP constancy in extreme
environmental circumstances.

Figure 2c shows the FTIR spectrum with a broad
transmission peak at 3280 cm™ as a functional
hydroxyl group in the BOP. The C-H bonds at
2927, 2880 cm?, and C=C bond at 1646 cm?
explain the presence of carbonyl glucose in starch
as similarto C-H bond at 1416, 1347 cm™. Besides,
C-O bond was consisted at 1152,1078, and 1026
cm with formation of C-H bonding at 924 cm™,
846 cm™, and 757 cm™, respectively. The C=C, and
C-H, bonding may strong relation in increasing the
FTIR spectrum of the BOP, the difference of peaks
intensity and width related with purity and mixing
ratio of the components. Glycerol containsan O-H
group with C-H alkanes. In addition, the increases
of the peak width and intensity of the stretching O-
H group are due to physical strength and
degradation of the BOP, revealing an interaction
between the hydroxyl groups of starch and glycerol
that cause [20-22].

All major vibration types are predicted in the
spectrum between 200 and 2000 cm™ of the
Raman shift spectrum of the various BOP, Figure
2d. The value of peak position is not identical for
all components due to the variant of the chemical
structures since the bonds of chemicals involved
in the structure of polymers are different. We
found two peaks for BOP at 252 and 483 cm™?,
which were attributed to the bending of
vibrations over the C-C banding and oxygen
backbones [23]. The weak carbonyl group at C-
C was attributed to the peak at 871 cm™ and the
peak at 1068 cm™ was attributed to polyethylene
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C-C bending vibration [23, 24], at higher
wavenumbers. Lastly, CHsz-CH, deformation
was linked to a high point at 1460 cm. These
results offer deep insights into the composition
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Figure 2. FE-SEM analysis of BOP: a) top view of a large area of BOP; b) Cross-section view of BOP, ¢) FTIR Spectrum of

BOP, d) Raman spectrum of BOP.

Optical Parameters

The ultraviolet-visible (UV-Vis) absorbance
spectrum of the BOP is shown in Figure 3. The UV-
Vis spectrophotometer was utilized to determine
the absorbance and the transmittance of BOP 200
and 1000 nm, in order to establish studying the
optical properties of the created thick layer of BOP
(the inset photo in Figure 3). A beam of UV-Vis
light incident perpendicularly on the BOP thick
film. This investigation outcome spotting the film's
transparency and UV-screening qualities, which
are crucial for uses like packaging, solar cells, and
bio-optical coating [25]. However, the thick BOP
layer absorbance peak displayed a prominent peak
at 330 nm in wavelength. The height of the
absorption peak of 0.96 a.u, which denotes an
increase in BOP transparency, was noted which
indicates the fact of susceptibility of BOP to photo-
degradationand UV energy absorption.

98

There is no doubt about the great transmittance (98
%) of the thick film of BOP at the visible region
(longer than 400 nm), suggesting their application
in an UV light protective and visible light
transparent window, which is consistent with the
optical characteristics of BOP in the UV-Vis range.
However, when the wavelength is below 400 nm,
there is a significant decrease in the film's
transmittance (referring to the cut-offregion),
which is caused by the high absorbance of the film
at this region.

Further, the absorption coefficient (o) can be
calculated through the equation [26]:
2303 x A
— €y
in which A and | are the absorbance and the
thickness of BOP, respectively.

In general, the prepared BOP could have either
indirect or direct transitions. Therefore, we
preferentially estimate both types of transitions to

a =
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estimate the optical band gap (Eg) of the BOP by
using Tauc’s relation [27]:

(ahy) = AChy — Ep)" (2)
in which Ay is the photon energy, r is an integer
depend on electronic transition, for direct transition
is equal 1\2 and for indirect transitionis equal 2.
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As shown in Figure 4a, once the transition is
direct, the calculated value of the Eq is 4.11 eV,
and if the transition is indirect, the Eg will be
valued as 3.69 eV. Accordingly, The BOP has an
indirect optical band gap [28].

Figure 4b demonstrates the refractive index and
extinction coefficient (k) as a function of the
wavelength and their corresponding photon energy.
Due to the high lattice resonance within wavelength
around 200 to 250 nm, the refractive index is
valued as maximum as ~ 4[29]. The refractive
index is related with light velocity and the density
of material [30], Figure 4b clearly displays the
dependence of the refractive index of BOP on
photon energy, which rises with photon energy
increase and vice versa.

High refractive index polymers can be utilized in
medical lens applications to help shrink the
curvature of the lens by allowing light to bend more
within the material. Additionally, when the
refractive index rises, the lens thickness falls,
reducing weight. The value of the refractive index
may be utilized to package food using this
increase[31][32].

In the presence of transmittance (T), the refractive
index (n) can be estimated by using the following
equation ]33[:
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1 1
n = T + T_1 )
Extinction coefficient is the inertia that occurs in
the electromagnetic wave, i.e., the number of
electrons absorbed from the energy of the incident
photons. A low and smooth extinction coefficient
at the low photon energy region was observed,
while it raises and variant at high energy due to the
loss in the energy or could be an indication for the
transformation of most of the absorbed photon
energy to heat [34].
In other vision, the extinction coefficient
decreases with increasing wavelength, which
explains the similarity in the behavior of the
absorption coefficient as a result of extinction
coefficient dependence on absorption coefficient
as represented in equation 4 [35].
The following equation can be applied to calculate
the extinction coefficient (k) [35]:
al 4
= (4)
Generally, the dielectric constant is distinguished
for each specific material, it represents the
dielectric losses by the complex number as the
imaginary part (&) and it represents the polarization
degree of material by the real part (er). The real and
the imaginary parts of the dielectric constant could
be estimated by using the equations [36]:
g =n? —k? (5)
& = 2nk (6)
Figure 4c shows the change of the real and
imaginary parts of the dielectric constant as a
function of wavelength. Both parts of the dielectric
constant increase gradually and then begin to
decrease with increasing wavelength. However, the
variation between both values, nevertheless, this
behavior is somewhat similar to the behavior of the
refractive index curve due to the dependence of the
dielectric constant on the refractive index.
Optical conductivity (o) is the increase in the
number of charge carriers (electrons or holes) due
to the incident beam of light. It is clear from Figure
4d. That the optical conductivity values gradually
increase with the increase of photon energy, and
this is the behavior of the absorption coefficient
because of its association with optical conductivity,
as represented in the equation [37]:
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5=t

anc - tan = (8)

 4m It is clear that the loss tangent decreases by

The loss tangent (tano) is affected by the particle
size, and lattice strain, it is determined by using the
equation [38]:

increasing the real part of the dielectric constant
with increasing photon energy as revealed in Figure
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The rate of the prepared film of BOP degradation
in DI water and soil is demonstrated in Figure 5.
Obviously, the BOP degraded in both water and
soil with a clear variation, and the BOP samples
were smooth and soft texture before placing it into
the water. Nevertheless, we noticed changes in
color and shape, folding, twisting, and hardness as
well as thickness decreasing with each sample after
2 days apart of testing (the above inset photos in
Figure 5). These findings indicate chemical
changes and dissolving in water resulting in a
thickness decrease. Meanwhile, for the sample
placed in the soil, we noticed color changes as an
indication to decomposition process that occurs in
bioplastics with soil, meanwhile the samples
consistent with their shape (the bottom inset photos
in Figure 5), and a dramatical thickness decrease in
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the first three samples. These results also verify the
BOP degradation in the soil as a conclusion of the
thickness decreasing [39]. Table 2 represents the
thickness change of BOP in water and soil for every
two days, every 48 hours one sample form water
and soil are taken out and measuring their
thicknesses and observed the thickness change. The
last samples that taken out after day 18 in the water
reached to 40 um thickness, while in the soil, its
thickness reached to 60 um, which indicates the
speed of decomposition in the water faster than soil.
To evaluate the degradation constant of this
experiment, with the increase of days, thickness
presents a decay feature. The exponential-decay
model (y/y, = AeC=“\D) could be applied to
estimate the decay constant (1), in which y is the
thickness, A is a constant, and ® is the days
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number. To fit both curves (in water and soil),
decay constantswere 12.4 + 1.8 and 3.49 £ 0.41 for
the water and soil, respectively. The values show
an acceptable variation due to the nature of the BOP
in one side and the water and soil on another side.
As a result, BOP could replace chemical fertilizer
as a good agent (high degradation in water and soil)
to deliver the organic substances to the plants. By
increasing the number of days of its stay in the soil,
as shown in Table 1. The decomposition of
bioorganic polymer can be calculated through the
following equation.

y =y +el\9 9)

350

itting/Watter— = -Fitting/Soil |

300 4

Thickness (im)

(=3
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I3
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(=]
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2 4 6 8 10

Days
Figure 5. A number of days as a function degradation of
BOP. The blue fitting curve represents the BOP decays in
soilandthe black fitting curve represents the BOP decaysin
water.

0

Table 1. Degradation of a thick layer of
BOP in water and soil per day.

BOP Thickness (um)
days Water Soil
2 250 170
4 200 140
6 170 130
8 160 120
10 130 110
12 120 100
14 90 90
16 70 70
18 40 60
CONCLUSIONS

In the study, cornstarch-based BOP with large-
scale manufacture was prepared. The optical
characteristics (high UV light absorbed at
wavelength lower than 330 nm and high
transmittance in visible light 98%), show the
ability of prepared BOP to play a crucial role in
diverse applications such as food packaging, UV
protective layer, and UV screening. Both direct
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and indirect optical band gap were estimated
4.11 eV and 3.69 eV, respectively. The decay
constants of BOP were 12.4 £1.8 and 3.49 £0.41
for the water and soil, respectively. The decay
values show an acceptable variation due to the
nature of the BOP on one side and the water and
soil on the other side. In advance, the prepared
BOP could replace the chemical fertilizer as a
good agent (high degradable agent in water and
soil) to deliver the organic substances to the
plants. Moreover, we still need to find
commercially biodegradable plastics made from
bioorganic materials instead of petrochemicals
to decrease pollution and reduce the oil request.
BOP is seen as a good solution to environmental
pollution by turning it into compost.
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