PREPARATION AND CHARACTERIZATION OF MULCH FILM FROM
BIODEGRADABLE POLYMER WITH NATURAL FILLERS

MONTIDA CHAIPHUT

A Thesis Submitted to the Graduate School of Naresuan University
in Partial Fulfillment of the Requirements
for the Master of Science in (Industrial Chemistry)
2020
Copyright by Naresuan University



PREPARATION AND CHARACTERIZATION OF MULCH FILM FROM
BIODEGRADABLE POLYMER WITH NATURAL FILLERS

MONTIDA CHAIPHUT

A Thesis Submitted to the Graduate School of Naresuan University
in Partial Fulfillment of the Requirements
for the Master of Science in (Industrial Chemistry)
2020
Copyright by Naresuan University



Thesis entitled "Preparation and characterization of mulch film from biodegradable
polymer with natural fillers"

By MONTIDA CHAIPHUT
has been approved by the Graduate School as partial fulfillment of the requirements

for the Master of Science in Industrial Chemistry of Naresuan University

Oral Defense Committee

___________________________________________________________________________ Chair
(Assistant Professor Sirisart Ouajai)
___________________________________________________________________________ Advisor
(Assistant Professor Sararat Mahasaranon)

Co Advisor

Internal Examiner

(Assistant Professor Supatra Pratumshat)

Approved

(Professor Paisarn Muneesawang)

Dean of the Graduate School



Title PREPARATION AND CHARACTERIZATION OF
MULCH FILM FROM BIODEGRADABLE POLYMER
WITH NATURAL FILLERS

Author MONTIDA CHAIPHUT

Advisor Assistant Professor Sararat Mahasaranon

Co-Advisor Assistant Professor Nungruthai Suphrom

Academic Paper Thesis M.S. in Industrial Chemistry, Naresuan University,
2020

Keywords Poly (lactic acid) Polybutylene succinate natural fillers

Bio-composite film

ABSTRACT

This research has been interested in developing and producing
the agriculture product as mulch film from biodegradable polymer
incorporated with natural fillers. To investigate the effect of natural fillers
on the physical properties, mechanical properties, degradability, and field
test. The biodegradable polymers were used in this work including
poly(lactic acid); PLA and polybutylene succinate; PBS. The natural
fillers were used early immature ginger (EG), mature ginger (MG), and
lemongrass leaf (LE) with approximately 45 um of particle size. All the
natural fillers are Thai herbal and easier to found in the country. First
section, the natural fillers were compounded with PLA and then the good
natural filler was chosen for improving the properties of bio-composite
film. The addition of natural filler affects the mechanical of biocomposite
film was reduced due to the continuous phase was reduced by natural
fillers. Especially, the addition of ginger powder causing generated more
agglomerate in the polymer matrix. The physical properties were found

the addition of natural filler can be improved the colorlessness of PLA



that help to reduce the UV-light transmit through out the biocomposite
film. The addition of LE powder can absorb the highest UV-light that
shows the UV-light can transmit around 1-2%. This section can be
summarized, the use of LE powder is good natural filler for improving
the light barrier. However, the selection of only PLA as a polymer matrix
probably unsuitable due to PLA has hard and brittle. This research has
been interested to used PBS for improve the flexibility of polymer matrix.
The addition of PBS into the PLA matrix was developed the flexibility
and strength of the PLA, which increasing the tensile strength and
%elongation of the biopolymer film. LE powder was used for natural
filler to prevent UV-light transmittance. Because the requirement of
mulch film must be loss of UV-light transmittance for manage the weed
generation. The addition of LE powder can be reduced the UV-light
transmittance that absorbs the UV-light high to 90%. The biocomposite
film was carried on the field under environment for 2 months, which used
the real condition for agriculture crop. To investigate the performance of
LE powder on the mechanical and physical properties (color parameter
and %UV transmittance). The color of biocomposite film was changed to
pale color with greater field time which believes that cause from the
reaction of compounds in the LE powder changes. While in after 2
months, the biocomposite film also absorbs the UV-light at a high level
(~90%). The changing of color is hardly affecting the UV-light
transmittance. The mechanical properties of biocomposite film after 2
months were decreased trend but less different value when compared with
start value. The reduction of mechanical properties probably the chain
scission from water, microbial, and sunlight. The addition of LE powder

into biocomposite film has the excellent advantage that prevent weed



growth, reduce toxic because all material has non-toxic chemical and
biodegradable. Especially, the use of natural fillers as herbal and plants

in-country can help to increase the value of these plant and steam revenue

to farmers, and the community.
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CHAPTER I

INTRODUCTION

Background and significant of the study

Agricultures and food have a high growth market in tripled between 1960 and
2015. The forecast has the tendency to increase the market size. The world's
population has increasing grow more than 10 billion in 2050 that caused to control of
the diet was limited because the area of agriculture has limited availability. (1) The
short cycle plants are one choice that respond for requirement of human due to it can
get the product all season. The crops of short cycle plants can save times and it can
crop in a limitation area. Moreover, the crops of short cycle plant can be easier to
steam high revenue for the economic countries. Therefore, the agricultural product
must be control and attend to produce high quality and high yield. The plastic mulch
film has become used in agriculture which covers the soil that can improve the quality
of the crop and increased the yield of the agriculture product. (2) The mulch film used
for controlling the crop which can control the soil temperature, keep the moisture,
prevent weed growth, protect the agriculture product contact with the soil.
Furthermore, the use of plastic mulch film can reduce the herbicide and reduce the
toxic chemical released from the herbicide to the environment. (3) However, the use
of plastic mulch film affected to the environment. The expansion of the plastic mulch
film can be a cause of the rapidly increasing agriculture waste. In 2010, the European
plastic industry has produced the plastic more than 57 million tons which have 21.5%
of the world's production. Around 5% was to produce agricultural plastic with
approximately 2.8 million tons. The increasing of the agricultural plastic production
cause promising the agricultural plastic wastes has rapid growing as well. In 2007, the
European has generated the agriculture plastic waste more than 700,000 tons per year
and promising to growth up. (4)

Generally, the plastic mulch film was produced from synthetic materials such
as polyethylene (PE) and low-density polyethylene (LDPE). These materials were

performed by the crude oil refining process. The burning process of crude oil that



emission the pollution to the atmosphere more than a billion tons per year. The side
effects cause many toxic gases, greenhouse gases that causing global warming and
climate change. (1, 3) The PE mulch film is a non-biodegradable material. After
harvesting the crop, the PE mulch film will become agricultural waste. The PE mulch
film is possible to fragment and become microplastic. The fragmentation products of
the PE mulch film can remain in the soil and the groundwater that can release the
toxic chemical such as phthalate as a plasticizer, inorganic pigment, and the chemical
from herbicide and pesticide. (5) Moreover, the mulch film after removed from the
crop has non-recycling because the mulch film was contaminated with the herbicide
and pesticide. The mulch film may be contaminated with the disease if lead to
recycling affects the crop was fallen and die. (5, 6) Nowadays, bio-polymer has been
interested to become the biodegradation mulch film production. Poly(lactic acid);
PLA is the bio-polymer made from the renewable resource which can be
biodegradable in environment. However, the limitation for the application of PLA has
hard and brittle properties and colorlessness. Furthermore, PLA has a rather high
production cost than that of PE. (7) The limitation of PLA causing this research has
interested to improve the flexibility of PLA. Moreover, the main properties of mulch
film must be a light barrier, but the PLA has colorlessness. This research has been
interested to improve the colorlessness of PLA by adding the natural filler.

The purpose of this work has been to produce and characterize the mulch film
from the bio-polymer incorporated with the natural fillers. The mulch film
manufactory was produced by the plant machine include a twin-screw extruder and
blow film extruder. The bio-polymer film used in this work consists of poly(lactic
acid) and polybutylene succinate (PBS). PBS was added for improving the flexibility
of the PLA. Moreover, this study also interested to improve the colorlessness and
reduce the UV-light transmittance of the bio-composite film by adding natural fillers.
Ginger powder and lemongrass leaf powder as two natural fillers were added into the
bio-composite films, which has improved the property to reduce %UV-transmittance
passes the bio-composite film to the soil that may prevent weed growth. Moreover,
the addition of the natural filler can be improved the biodegradability of the bio-
composite film, which the bio-composite film has degraded that become to carbon
dioxide and water. The selection of using the natural filler for adding into the bio-



composite film were non-toxic, biodegradation and non-releasing the chemical toxic
to the environment. Especially, the ginger and lemongrass as natural fillers are Thai
herbal that can found in the country thus sufficient for the mulch film production
process. Moreover, the use of these plants can steam revenue to farmers and the

economy in the countries.

Purposes of the study

1. To produce the mulch film from the bio-composite film incorporated with
natural fillers by a twin-screw extruder and the blow film extruder

2. To study and find the natural filler for improving the properties of the bio-
composite film

3. To study the appropriate ratio between PLA and PBS that improved the
flexibility of the bio-composite film.

4. To study and improve the colorlessness and reduce %UV transmittance of
the bio-polymer by adding the natural filler.

Scope of the study

This research studied and investigated the natural fillers, the bio-composite
compound, and the bio-composite film. The studies were divided into 4 sections.

1. To study the characteristics and fiber length of the natural filler to examine
the physical and chemical properties which are morphology and functional group of
the natural filler, respectively.

2. To study the effect of the natural fillers (ginger powder and lemongrass leaf
powder) in the bio-composite film. Effect on chemical properties (FT-IR), physical
properties (color parameter, %UV transmittance, water vapor permeability),
mechanical properties (tensile testing), and biodegradability were studied. After,
appropriate natural filler was chosen to improve the properties of the bio-composite
film.

3. To study the effect of content of PBS adding into the PLA film, which
select the suitable content of PBS to improve the flexibility of the bio-polymer film.

Moreover, effect on the physical properties (morphology), chemical properties



(XRD), mechanical properties (Tensile testing), thermal properties (DSC) were
examined.

4. To study and discuss the effect of the lemongrass leaf powder as natural
filler and content of PBS in the bio-composite film. Chemical properties (FT-IR,
XRD), physical properties (color parameter, %UV transmittance, water vapor
permeability), mechanical properties (tensile testing), thermal properties (DSC),

biodegradability, and field test, were examined, respectively.



CHAPTER 11

LITERATURE REVIEWS

The literature reviews in this research have been interested to study about the
mulch film, the manufactory of mulch film, and the mulch film in the commercial.
Furthermore, this research has also been interested about the bio-polymer from
renewable resource and natural fillers. The details of each topic were illustrated as

following.

Mulch film

The mulch film has been used in commercials for the vegetable crops since the
1960s. The most color of mulch film are black and clear. However, color of the mulch
film influenced the soil and crop have differently in the growing of plants. (2) The
mulch film is the application of plastic film used to cover agricultural plots due to it
has convenient and affects plant growth. The main functions of mulch film are
preventing weed growth, reduce the light transmittance, and prevent moisture loss of
soil. Moreover, it is a barrier for soil surface also prevents soil compaction caused by
rain which reduced the root damage. Plastic mulch is usually used for growing crops
that have short harvesting time, such as cucumbers, strawberries, watermelons, etc.
After that, the mulch film must be taken off to avoid plant diseases. (8)

Nowadays, the market of mulch film has promising increase of requirements.
In 2020, the value of mulch film has more USD 4.07 billion which growing up to
6.5% from 2015. This tendency is the opportunities of increasing revenue and driving
the market. (9) Moreover, agriculture market has growing the market size more than
10 billion in 2050. (1) However, the expansion of the market of mulch film causing
the rapidly increasing of agricultural plastic waste. In the commercial, the mulch film
made from synthetic material such as polyethylene (PE), low density polyethylene
(LDPE). These synthetic mulch films cannot biodegradable also can combine in the
soil for a long time and block of growth the plant root. (9) The mulch film is a single-

use plastic and cannot recycle. The mulch film was used directly contact with the soil



therefore, the plastic has dirty and contaminate with other substance. Recycling of the
mulch film is possible if the mulch film must contaminate less than 5%. However, in
the field, mulch film was commonly contaminated from pesticide, herbicide, soil, and
UV additive higher than 5% which up to 40-50% contaminate. (10)

For the long term uses, the synthetic plastic mulch film will get to the non-
degradable plastic waste after the harvesting the crop. The residual mulch film can
combine and remain in soil and ground water and thereby affect the environment. (2,
9) In the long term, these plastics have cracking and fragmentation to a small size
which generates the microplastic in the environment. These impacts can lead to the

reduction of soil and crop qualities. (5)

1. The mulch film in commercial

The company and researcher have been interested to produce mulch film
with the different color. They studied and investigated the appropriated color of the
mulch film to increase the quality of the agricultural product.

1.1 Black mulch film

The black color of mulch film is widely use in climate zones. Black

mulch film made from the synthesis material as low-linear density polyethylene with
black pigment. (9) Black color can highly absorb the thermal energy and long-
wavelength infrared. The use of the black mulch film affects to the increasing of soil
temperature up to 6 °C and more moisture in the soil. (5) The black mulch film has a
good efficiency in vegetable production due to the vegetable extends growing in the
warm soil temperature. (2) Moreover, using the black mulch film cover on the soil
could result in reduce of weed competition. (11)



Figure 1 The black mulch film (12)

1.2 Clear mulch film

The clear mulch film or transparent plastic mulch film has a UV
transmittance of more than 85-95%. The clear mulch film has poor UV absorption
which causing the soil has increase temperature from 4.4 to 7.8 °C. The UV-light was
transmitted through the clear film and directly to the soil that affect the soil has less
moisture in the soil. (13) The moisture in the soil has condensed and trapped in the
film surface. The droplet was reflected the short-wavelength radiation and keep the
heat in the tunnel of mulch film. This behavior is called the green-house effect. The
clear mulch film has high transparency of radiation causing poor control of weed
growth in the crop. (2, 5)

Figure 2 The clear mulch film (14)



1.3 White on black and silver reflective mulch film

Most of the white on black and silver reflective mulch film is used less
than the black mulch film. This mulch film has similar properties to the black much
film. The advantage of this mulch film can control weeds and appropriate to use in
vegetable production. On the black mulch film can increase the soil temperature and
weed management. On the white or silver can reflect the radiation thus can help the
soil cooling. So, the white and silver on black mulch film have improved the soil
temperature to suitable for the crop. (2, 13) Moreover, some literatures reported the
silver on black mulch film influenced the insect repellant causing reduction the insect

predation on vegetable production. (13)

Figure 3 The white on black and silver reflective mulch film (15)

The selection of mulch film for agricultural crops should be selected
the suitable for the crop. The effect of the types of mulch film on the crops was
summarized in Table 1. However, the mulch film has many benefits for crops and
agriculturists. Although, these mulch films cause affect the environment. All synthesis
mulch films are photodegradable materials that non-biodegradable. Synthesis mulch
film was broken down after exposure to sunlight. The petroleum polymer was
cracking causing release the of toxic chemicals such as phthalate, UV stabilizer,
inorganic pigment. (5) The fragmentation of synthesis mulch film non-degradable
causing generated many of microplastic and contaminated in the soil and

groundwater. (13)



Table 1 The effect of mulch film on the agricultural crops (11)

Types of mulch

Crops ) Crop effect Environment effect
film
) Increase soil
Black Lower flowering
temperature
_ _ Reflect the UV
Pepper Silver on black Reduce diseases o
radiation
) Increase soil
Clear Increase yield
temperature
_ _ Decrease weed
Basil Black Increase yield
growth
Increase soil
Watermelon Black Increase growth rate
temperature
Clear Increase yield -
Tomato .
) Control soil
Black Early yield
temperature
) Elevated soil
Black Increase yield
temperature
Strawberry _
) Increase soil
Clear Early yield
temperature
. Decrease soil
White -
temperature
Coffee _
Increase soil

Black -
temperature
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Manufactory of mulch film

Mulch film production has developed by using polyethylene (PE) since 1938.
The mulch film comes to the commercial in 1939 which has the idea to produce for
vegetable crops. (16) Manufacturers of mulch film can be processed into 2 designs
including flat film and blow film. The flat film was processed by the die extrusion.
Processing of flat film has quick processing and easier to control the thickness.
However, the mulch film processing by the flat film has the limitation of the width of
the film. Moreover, the condition has not stable to the process may cause the die
extrusion to have a die swell. The blow film extrusion comes to solve these problems.
In the general, the blow film extruder is widely processing in the manufactory of
mulch film. Because the blow film extruder can generate the width film more than the
flat film by die extrusion. (17) However, the selection of the mulch film processing
depends on the customer requirement. This research has been interested to produce
the mulch film by blow film extruder, which can separate into 2 steps including
preparation of the compound by a twin-screw extruder. Then, lead the compound to
produce the film by the blow film extruder.

1. Extrusion
The word of “extruder” comes via New Latin from the Greek also “ex”
meaning out and “truder” meaning push out which is the type of output called an
extruder. (17) Extrusion is one technique for plastic processing. This technique pushes
and develops the molten polymer through the die by pressure. Pressure in the
extrusion is from the resistance between the rotation of screw with the barrel. The
extrusion is the continuous process. The characteristic of die shape, flow properties of
the polymer, and flow rate influenced the pressure to push the molten polymer
through the die. (18) The production from extrusion covers various plastic products
such as film, sheet, profile, pipe, wire coating, and other products. (17) Which, the
machine of the extrusion is called an extruder. (18)
1.1 Extruder
The extruder is the machine using in plastic processing with extrusion.
The extruder was compounded the polymer materials and extruded the molten
polymer through die that is the first part of the mulch film manufactory. Then, the

compound was led to film production by the blow film extrusion. The extruder
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consists of 3 zones in the barrel are feed zone, transition zone, and metering zone,
respectively. (17, 18)

The first zone is the feed zone. This zone was carried the raw materials
into the barrel. The screw has the deepest channel. The temperature of the feed zone
has the lowest temperature. In this zone was carried the raw material and preheating.
After that, the raw materials were compounding together. In this zone, the polymer
has started to the molten polymer. (17-19)

The transition zone is the second zone of the screw. This zone has decreased the
channel between screw and barrel. The diameter of the screw has increased from a
small diameter in the feed zone. The polymer was to melt by compression with
increasing shear rate from screw and barrel. The polymer melts were pushed to the
metering zone for preparation to extrude through the die. (17-19)

The last zone is the metering zone. The deep channel and diameter of the screw have
constant and less deep than every zone. In this zone was increasing the pressure
causing push the molten polymer through the die. (17-19) Which can see the screw in

Figure 4.
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Figure 4 The extruder screw zone (20)

The extruder can be separated the type of extruder into 2 types are single
screw extruder and twin-screw extruder. (18) The details can be illustrated as

following.
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1.1.1 Single screw extruder.

The barrel has contained just a single screw that rotating in the
barrel. A single screw extruder has appropriate for simple production. The rotating of
screw causing create the pressure to push the molten polymer through the die. Single
screw extruder is most popular to produce the simple design and ruggedness.
However, the mixing efficiency by a single screw extruder has poorly than a twin-

screw extruder. The single screw extruder can see in Figure 5. (18, 21)

\\_ S~ Jacket Barrel

.- Die

~
L8

'
] -~
" . Screw

Feed zone Iransition Metering
zone zone

Figure 5 Single screw extruder (20)

1.1.2 Twin-screw extruder.

Twin-screw extrusion is a technique for mixing and continuous
compounding polymer. Twin-screw extruder is widely used in the plastic
manufactory. Because a twin-screw extruder has more efficiency to provide the
homogeneous compound more than a single screw extruder. (21) The barrel contains
a twin-screw that rotating in the barrel. It can separate the intermesh level of the screw
with non-intermeshing and intermeshing. The rotation of the screw in the barrel can
be classified into 2 types include co-rotating and counter-rotating. (19) The rotating of
a twin-screw extruder can see in Figure 6. The advantage of each rotation of the screw

was summarized in Table 2.
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Co-Rotating Screws Counter-Rotating Screws

Figure 6 The rotation of twin-screw extruder (22)

Table 2 The summary of twin-screw rotations (23)

Co-rotating Counter-rotating

Rotating in same direction Rotating in opposite direction

High speed of screw speed (up to 1800 Limitation on the screw speed (~60 rpm)
rpm)

High performance for compounding Low performance for compounding
High melting efficiency Low melting efficiency
Low of shear and heat High of shear and heat

2. Blow film extrusion

Blow film extrusion is the second step after compounding the raw materials
by a twin-screw extruder. Blow film extrusion is one technique for produce the plastic
film. Blow film extruder is widely used to produce the plastic film. Because the blow
film extrusion can generate the various diameter and faster production. (17) The
processing start from the molten polymer was extruded through a tubular die. Which
the tubular die is constant at 90° in the vertical direction. Then make the bubble film
and cooling process with air from the cooling ring. The controlling of film thickness

and diameter of bubble film can contribute by air pressure and nip process. The
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extrusion of bubble film was pulled to the overhead of the blow film extrusion and
after that was nipped by nip roll. The thin film was to keep on the winder. (17) The

blow film production was seen in Figure 7.

Tube collapsing frame
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Figure 7 The blow film extrusion (24)

Polymer blend and composite

Hybrid materials have been interested in modern technologies. These materials
have the properties of the hybrid with notable properties of each material. Polymer
blend and polymer composite are one material that uses hybrid materials production.
(25) The details of each technology were illustrated as following.

1. Polymer blend

Polymer blend is one material for developing the technology of hybrid
materials. The polymer blend can apply in widely application causing growth in
various industries. Requirement of the market worldwide has increased at a rate of
around 9% per year. The automotive industry, agricultural, aerospace, and packaging
are the main market for polymer blend. (26)

The purpose of a polymer blend is to produce new materials by combining
the efficiency of two or more components into one material. Properties of new
material have hybrid properties corresponding to superior properties of each
component. The compound after blending is called polymer blend. The polymer blend
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has a single-phase that is homogeneous causing miscible blends. However, most
polymer blends have an immiscible blend that leaching to multiple phases in the
morphology. (25, 26)

Miscible blends are a homogeneous phase that depends on the chemical
structure, the molecular weight distribution, and the molecular arrangement. The
blending between two-component has stable or metastable that depends on the
suitable thermodynamic condition. Gibbs energy of mixing has a positive value
causing expressed the stable blending. Moreover, investigate the miscible blends via
the thermal properties that exhibit the single glass transition temperature (Tg). (27)
While the immiscible blend is a heterogeneous phase in the morphology. The multiple
phases influence the interaction between the polymer that low adhesion when
compared with a single phase. (26, 27)

1.1 Blending method (26)

The blending method has a several different methods for blending the
components of polymers to new materials. Selection method for blending that
depends on the final properties that can perform into 2 processing include solution
casting and melt blending.

1.1.1 Solution casting

The solution casting is one method for film production. This
method is mixing the solution of polymer and dissolved in a suitable solvent. Solvent
were evaporated and driven from the polymer blend. The condition for processing that
affect the film properties. The rate of solvent evaporation affects the mechanical
properties and morphology of the polymer blend film. The solution casting process
can see in Figure 8. However, the solution casting process is only suitable for
laboratory scale. When up-scale for industry may caused the problem with the

handling and control a large content of solvent.
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Figure 8 Solution casting process

1.1.2 Melt blending

Melt blending is widely used for the polymer blend process.
Because this process is easier to up-scale for the industry. The melt blending with
compounding 2 types are batch and continuous processes.

The batch blending using by the internal mixer. This process is
necessary to the limited content of materials. The batch blending is appropriate for
laboratory scale and a large scale. However, the disadvantage of batch blending is
rather difficult to control the temperature in the chamber. In addition, batch blending
has a processing step more than a continuous process. The batch blending process can

see in Figure 9.

Stop ﬁ - Stop Loading $ Stop L

again

Loading
Polymer

Polymer Blending Blending with additive Finish

Figure 9 Batch blending process

The continuous process for polymer blends is easier to control
production. The continuous process using the extruder that has various types of screw
includes a single screw extruder and a twin-screw extruder. This process can up to a
large volume of materials that easier to up-scale. This process can control the

condition such as feed rate, screw speed, and temperature. The molten polymer of this
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process has a homogenization. Last the molten polymer was extruded through the die.

The continuous process can see in Figure 10.
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Figure 10 Continuous blending process (28)

2. Polymer composite

Polymer composite composed of two or more materials and deform to the
new material to improve the properties. The material used in polymer composite must
be non-dissolved together. The physical properties of each material must be different.
Polymer composite consists of two mains are matrix phase and reinforcement phase.
(29)

The matrix phases are the continuous phase which has the volume more
than the reinforcement phase. The matrix phases can classify into ceramic, metal, and
polymer. (29) The selection of polymer matrix depends on the required properties.
Most of the matrix phases are select from easy processing, good properties, and
moderate cost. The strongly polymer composite are dependents on the properties of
the matrix and reinforcement. (30)

The reinforcement phase is the discontinuous phase. The reinforcement can
improve the mechanical properties of the polymer composite. The reinforcement
material is usually strong and hard than the polymer matrix. However, the attribute of
reinforcement also affects the properties of the polymer composite. (30)

The composite material is widely used in various industries such as

aerospace, transportation, sports equipment, biomedical, and other applications.
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2.1 Classification of polymer composite (30)

The polymer composite can classify follow the types of reinforcement
materials. That can separate into 2 types consists of particle reinforces composite and
fibrous reinforces composite.

2.1.1 Particle reinforces composite

The particle reinforces material is the material with similar size
that most particle has a small size. The particle shapes have circular, flake, and, cubic.
Most particle reinforcements bind in the polymer matrix in random orientation. The
arrangement of particles in the polymer matrix can see in Figure 11.

2.1.2 Fibrous reinforces composite

The fibrous reinforce has a length of more than the diameter. The
diameter of fibrous was varied from 0.0025 mm to 0.13 mm that depends on the type
of material. Which the fibrous can separate into continuous fibrous and discontinuous
fibrous. The attribute of fibrous affects the orientation in the composite material and
mechanical properties of the composite material. The arrangement of fibrous in the
polymer matrix can see in Figure 11. That can be observed the classification in Figure
12.
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Figure 11 The fibrous orientation in the polymer matrix (a) Random orientation
of particle, (b) Preferred orientation of discontinuous fibrous, (c)
Random orientation of discontinuous fibrous, (d) Uniaxial orientation
of continuous fibrous, (e) biaxial orientation of continuous fibrous, and

(f) multi-direction orientation of continuous fibrous (30)

Composite Materials

Particle Reinforces Composite Fibrous Reinforces Composite
Random Orientation Preferred Orientation Single-layer Composite fll Multi-layer Composite

Conventional Laminar m
Composite
Continuous Fibrous Discontinuous Fibrous

Uniaxial Orientation Biaxial Orientation

Random Orientation Preferred Orientation

Figure 12 Classification of the composite materials (29)
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Bioplastic

Bioplastic has been in use since the 1980s. Bioplastic is one type of polymer
made from renewable resources. Bioplastic has been interested in various industries
such as food packaging, agricultural, and medical. Bioplastic is one choice in
production to replace petroleum plastic. Because petroleum plastic cannot decompose
that generates a large quantity of plastic waste. While bioplastic can degradable that
through hydrolysis, photodegradation, fermentation, enzyme, and microorganism
break down the chemical bonds in the polymer chain. (7, 31)

The widely use of bioplastic is aliphatic polyester. Biodegradation of polyester
can be decomposed via hydrolysis. (7) In this work focus on the bioplastic 2 types

include poly(lactic acid) and Polybutylene succinate.

1. Poly(lactic acid)

Poly(lactic acid) or PLA is a thermoplastic aliphatic polyester group made
from renewable resources such as corn, cassava, and sugarcane, etc. Poly(lactic acid)
is a semi-crystalline polymer that has crystallinity 37% therefore, PLA has
transparency but it was hard and brittle. PLA has good thermal stability that has a
high melting temperature which, is the glass transition temperature (Tg) is 60-65 °c,
and melting temperature (Tm) is 170-180 °c. Moreover, PLA could be biodegradable
and non-toxic so PLA has widely applied to use many applications for example,
packaging, agriculture, and medical. (7)

Poly(lactic acid) can be divided into 3 types, that could divided from
different stereochemistry include Poly(L-lactic acid); PLLA, Poly(D-lactic acid);
PDLA and Poly(D, L-lactic acid); PDLLA. The stereochemistry of PLLA, PDLA, and
PLA monomer can see in Figure 13. The monomer of PLA is the lactic acid that,
synthesis from fermentation the corn, cassava, and sugarcane which, is the lactic acid
was obtained from the fermentation process after that, the lactic acid was polymerized
by ring-opening polymerization and another process to produce PLA could be
polymerized by condensation polymerization which, have 2 types for the process
include azeotropic dehydration condensation and direct polycondensation

polymerization. (7) The polymerization of PLA can see in Figure 14.
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Figure 13 Stereochemistry of (a) PLLA, (b) PDLA, and (c) monomer of PLA (7)
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Figure 14 The polymerization of PLA (32)

1.1 Degradation of Poly(lactic acid) (33)

Poly(lactic acid) can be simply degraded by the hydrolysis of the ester
bond. The degradation rate of PLA depends on many factors such as temperature, pH
in the soil, humidity, quantity of oxygen, and microorganism. PLA after decomposing
was reduced to CO, and water that non-releases the toxic chemical into the
environment. In addition, PLA can decompose in different mechanisms apart from
hydrolysis. These consist of photodegradation, and microbial degradation.

Hydrolysis degradation is the simple degradable of PLA. The ester

group in the polymer chain of PLA is fragmentation and a decrease of molecular
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weight. The polymer chain of PLA reacts with moisture causing the polymer chain
was cleavage. The cleavage reaction was decreased in amorphous regions and
increase in crystallinity. The hydrolysis degradation mechanism can observe in Figure
15.
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Figure 15 Hydrolysis degradation mechanism of PLA (34)

Photodegradation is the degradable of PLA by UV radiation. The main
chain of PLA was absorbed the UV radiation causing the backbone of the PLA chain
to have a photochemical reaction. The UV radiation reacts within the PLA polymer
chain and caused the chain scission by the Norrish reaction. The photodegradation

mechanism can observe in Figure 16.
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Figure 16 Photodegradation mechanism of PLA (35)

Microbial degradation is using the microorganism for decomposing of
PLA. The microbial degradation was initiated under hydrolysis degradation. The
microorganism creates the extracellular for depolymerase to break down of PLA
chain. Which the ester bond is the target for depolymerase. The last products by
microbial degradation of PLA are CO», water, or methane. However, the long-times
necessary for degradation because PLA has the resistance to microbial.

1.2 Application of Poly(lactic acid)

Nowadays, PLA was used in various industries such as packaging,
medical, and agriculture. (7) The other work, PLA is on bioplastic that has been
interested to study and improve the properties of PLA for applied to the suitable
application.

N. Suaduang and co-workers (36) have been interested to produce the
agricultural film from PLA incorporated with spent coffee grounds (SCG). To study
the effect of SCG on the physical and mechanical properties of the bio-composite
film. The film production using a twin-screw extruder and the blow film extruder.
From the results were found the PLA and SCG have miscibility. The addition of SCG
into the bio-composite film help to improve the flexibility of PLA. The bio-composite

film can apply to produce a nursery bag.
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Soo Hyun Sung and co-workers (37) have been interested to develop
the nanocomposite film from the PLA with reinforcement cellulose nanocrystals
(CNCs) from coffee silverskin (CS). To study the effect of CNCs on the mechanical
and barrier properties of the nanocomposite film. The twin-screw extruder was used
for nanocomposite film production. The results were found CNCs can improve the
barrier properties and mechanical properties of the nanocomposite film. That less than
5% of CNC help to increase the tensile strength. The addition of CNCs less than 5%
has the diffusion of water vapor and oxygen through nanocomposite film at a low
rate. In this work, the nanocomposite film was developed and applied to use in

packaging material.

2. Polybutylene succinate

Polybutylene succinate or PBS is an aliphatic polyester same PLA that, the
chemical structure consists of a monomer is butylene succinate (CsH1204) which, PBS
processability synthesis via polymerization of succinic acid and 1,4- butanediol. The
chemical structure monomer of PBS can observe in Figure 17. Polybutylene succinate
was obtained from fossil-based resources and bio-base. The advantages of
Polybutylene succinate could be biodegradable by fermentation and the mechanical
properties are comparable to polyethylene (PE) that the thermal properties and tough
higher more than PE. Polybutylene succinate is a non-transparency polymer.
Polybutylene succinate has crystallinity 33-45 %, glass transition temperature (Tg) is -
32 °c, and melting temperature (Tm) is 114-115 °c. For the applications of PBS
include food packaging, mulch film, plant pots, and medical, etc. (7)

O/\/\/o

Figure 17 Chemical structure monomer of PBS (7)
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2.1 Degradation of Polybutylene succinate (38)

The biodegradation of PBS through enzymatic degradation. The
enzymatic degradation for PBS using Pseudomonas cepacia (lipase PS®). The lipase
PS® act as the catalyze. After the PBS degradation by enzymatic degradation with
lipase PS® gave the main product is 4-hydroxybutyl succinate (4HBS). Then 4HBS
can be transfer to succinic acid and 1,4-butanediol by hydrolysis that reacts at ester
bond of 4HBS. The enzymatic degradation mechanism of PBS can observe in Figure
18.
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Figure 18 Enzymatic degradation Mechanism of PBS (38)

2.2 Application of Polybutylene succinate

Nowadays, PBS was used in various industries such as packaging,
medical, and agriculture. Moreover, the more research has interested to improve the
flexibility of the polymer blend by blending with the PBS. (7)

N. Hongsriphan and co-workers (39) have developed the composite
material from PBS with lemon basil particle (LB). The addition of LB acts as
moisture sorption. Moreover, loading ammonia sulfate into composite material as
fertilizer. Moisture sorption and fertilizer releasing compared with the pure PBS film
were investigated. The composite material produced using a twin-screw extruder for
compounding and prepared composite film by hot pressing machine. The results were

found the increasing LB content in the composite film can improve the moisture
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sorption of the composite film and ammonia sulfate can faster release in water.
Moreover, the addition of LB can help the degradation of PBS.

A. Bhatia and co-workers (40) have been interested to produce the
blend film between PLA and PBS for advances in packaging material. Mechanical
properties and compatibility of these polymers were examined. The polymer blend
has production from a twin-screw extruder and made the blend film by compression
molding. The results were summarized the polymer blend with PBS more than 20%
causing the polymer blend film to have incompatibility. The polymer blend film with
PBS 80% and 90% has properties like PBS that increases of %elongation. The
polymer blend with PBS less than 20% can improve the deficiency of the PLA that

improves the polymer blend film to flexible.

Natural fillers

The natural filler is one classification of the additive. Natural fillers are
covered base on plants, minerals, and animals. Plant filler has composed of cellulose
as the main composition. Plant fillers are derived from renewable resources which can
be extracted from leaf, bast, and wood from plants. The selection for applied rely on
the required performant of filler. (30) The chemical composition of plant fillers
composed of cellulose, hemicellulose, pectin, and lignin. These chemical
compositions have hydroxyl components that distributed throughout the fiber wall of
plants. However, the quantity of each component depends on the types of plants,
sources, and processes of sample preparation. (41)

Natural fillers are particles add to plastic that can improve some properties of
polymer which, are from nature that have many types such as particles, fibers, and
nanofibers. The advantages of natural fillers are non-toxic, biodegradable, and non-
remain in the product or environment. Moreover, some natural fillers exhibited
antibacterial, antioxidant activities, therefore, the current scientists are interesting to
used natural fillers instead of synthesis fillers, and the key point of using natural
fillers will also usually reduce the cost of the base polymer.

The general, natural fillers must be stable through the processability and
usability, non-toxic, and the main point is non-change the chemical structure of a

polymer and it can disperse and compatibility with a polymer. The shape and size of
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particle fillers are important. The smaller particles can be improving the value of
properties such as tensile strength, modulus, and hardness. The larger particles can be
giving less strength to a polymer.
1. Ginger

Ginger is one of the spices used as a flavoring agent. The original ginger
from India and become to Africa and Caribbean. The different locations for
cultivation also affect the quality of the ginger as flavor and appearance. Moreover,
the harvesting time and maturity of plant also affect the quality of ginger such as the
moisture, chemical compositions including non-volatile compounds, and volatile
compounds. (42)

Ginger (Zingiber offinale Roscoe) belongs to the Zingiberaceae family. It is
a monocotyledonous herbaceous perennial which grows annually in Southeast Asia. It
is a native plant in Indonesia, India, Malaysia, and Thailand. (43) Ginger can be
divided following harvesting period of crop include immature ginger (fresh ginger)
has age 5 months, early immature ginger has age 5-7 months, and mature ginger has
age 8-9 months. Ginger has a small scale of leaf and most of the scale is a branch of
root that is rhizomes. The cross-section of rhizomes ginger shows the pale-yellow
color. The intensity of color depends on the maturity stage of ginger. (42) The
pigments of yellow color known as curcuminoids. The major pigments consist of
curcumin, demethoxycurcumin and 6-dehydrogingerdione. The intensity of these
compounds including depends on the maturation stage of ginger. (44)

Moreover, the non-volatile compound of the ginger consists of oleoresin as
a flavor component that gingerol and shogaol are spicy component. The ginner also
has the volatile compound as essential oil 1-3% which affects the sensation of smell
and taste. Moreover, gingerols are major pungent constituents of ginger which are
made up of several different compounds. Gingerols can be classified as shogaol,
paradol, and zingerone. (44, 45) The chemical structures of active components of

ginger can see in Figure 19.
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Figure 19 The chemical structures of active components from ginger;
(a) 6-gingerol, (b) 6-shogaol, and (c) 6-paradol (45)

This research has been interested to study the different maturation stages of
ginger. The develop the ginger as a natural filler for applied in the bio-composite film.
However, the chemical composition as fibrous, color shade, and moisture depend on
the maturation of ginger. So, this work focused on the information of each maturation
stage of ginger that separated into 2 ages are early immature ginger and mature
ginger.

1.1 Early immature ginger

The early immature ginger has harvest around 5-7 months after
cultivation. The appearance of the peal ginger has obviously no withered, and the peal
color appears the pale-yellow shade. The cross-section of ginger has pale-yellow and
less fibrous that can observe in Figure 20. (44)

(@) (b)

Figure 20 The appearance of (a) peal ginger and (b) the cross-section of early

immature ginger (46)
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The pigment compounds of early immature ginger consist of curcumin
1.23 mg/100 g of ginger, demethoxycurcumin 0.77 mg/100 g of ginger, and 6-
dehydrogingerdione 6.67 mg/100 g of ginger. Moreover, the investigation of the color
parameter as b* value appears approximately 11.67 + 3.79 according to the positive
value that attributes a yellow shade. (44) The chemical structures of curcuminoids and

hydroxycinnamic acid derivatives are shown in Figure 21.
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Figure 21 The chemical structure of curcuminoid compound as (a) curcumin,

(b) demethoxycurcumin, and (c) 6-dehydrogingerdione (44)

Furthermore, the early immature ginger has more intensity of moisture
than mature ginger. The other research has studied the quantity of moisture and crude
fiber of early immature and mature ginger. It was found early immature ginger has the
content of moisture as 91.61%. The crude fiber of early immature ginger has 1.35
g/100g of ginger. (47) Early immature ginger is most popular to use the preserved
ginger because it also remains tender and mild. (42)

1.2 Mature ginger

The mature ginger has ages around 8-9 months after planting. The
external appearance of mature ginger rhizome presents a more intensity of yellow
shade than the early immature ginger. The inside rhizome of mature ginger has a more
fibrous and yellow color. (44) Moreover, the mature ginger has more notice is started
to be sprouting. which can observe in Figure 22. The appropriate of mature ginger
should be harvesting that observes the leaf begin to turn yellow and become dry. If the
harvest has delay causing the rhizome has increase sprouting. (42)
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Figure 22 The appearance of (a) peal ginger and (b) the cross-section of mature

ginger (46)

The color of mature ginger rhizome has more intensity than the early
immature ginger thus causing the pigment to have the greater chemical compounds.
The yellow pigments consist of curcumin increase to 2.47 mg/100 g of ginger,
demethoxycurcumin high to 1.30 mg/100 g of ginger, and 6-dehydrogingerdione 12
mg/100 g of ginger. The increasing of the quantity of these pigments causing the
intensity of yellow was also increased. The b* value of the mature ginger has 91 +
4.51 that higher than the early immature ginger. (44)

The mature ginger rhizome has a content of fiber higher than the early
immature ginger. The report presents the mature ginger has crude fiber 1.52 g/100 g
of ginger. On the other hand, the moisture in mature ginger was reduced to 88.80%.
(47) The quantity of the chemical compounds is non-volatile, and the volatile
compound does not find the report. However, probably these compounds promising
an increase following the maturation stage of ginger. Mature ginger has popularly
used as ginger powder for spices and medicines. Moreover, the essential oil in mature
ginger has been interested to extract and apply in medical field. (42) The comparison
of compositions of the different maturation stages of ginger were summarized and

shown in Table 3.
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Table 3 Compositions of different maturation stages of ginger

Composition Early immature ginger Mature ginger Ref.
Age 5-7 months 8-9 months (42)
Crude fiber 1.4% at least up to 9.5% (42)
Total ash 6.11% at least up to 9.58% (42)
Crude protein 8.1% at least up to 11.6% (42)
Starch 41.54% at least up to 55.06% (42)
curcumin 1.23 mg/100g 2.47 mg/100g (44)
demethoxycurcumin 0.77 mg/100g 1.30 mg/100g (44)
6-dehydrogingerdione 6.67 mg/100g 12 mg/100g (44)
b* value 11.67 £ 3.79 91 +£451 (44)

The ginger can apply in various application. Mostly use of ginger is spices that
give the flavoring test and good smell. Moreover, the ginger applied in the medical
uses and cosmetics due to ginger has many active compounds for anti-inflammation
and antimicrobial activity. (45) This research focused on the fiber form ginger that
applied in the composite material.

J. Jacob and co-workers (48) have been produced and developed the
nanocomposite with cellulose nanofibers from ginger rhizomes (GNF). They prepared
the nanocomposite film by solvent cast method. Polyvinyl chloride (PVA) and
chitosan (CS) were used for the polymer matrix. The aim was to study the effect of
GNF on the mechanical properties and antimicrobial for applied to the biomedical
application. The results were found the addition of GNF at 5% to CS and PVA matrix
help improved mechanical properties. While increasing of the tensile strength of the
nanocomposite film because GNF has a good interaction with PVA and CS matrix by
a hydrogen bond. Moreover, GNF has a bacterial inhibition ability that can inhibit in

the positive gram and negative gram.
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3. Lemongrass

Lemongrass is an herbaceous perennial that grows into clumps up to high 3
m that can see the attribute of lemongrass in Figure 23. The scientific name is
Cymbopogon citratus (DC.) Stapf which is belonging to Gramineae (Poaceae) family.
Lemongrass grows annually in Sri Lanka and India. (49) Lemongrass consists of
water approximate 80%, essential oil 0.2- 0.4% and it may be found to higher 3%
depended on extraction method and source of material. Moreover, it has another
compositions and minerals such as calcium and potassium. (50) The harvest time of
lemongrass at intervals of 60-70 days after planting. (51) Lemongrass was used for
various applications. This plant was widely used as flavoring agent in food for
cooking. (49) Moreover, lemongrass was used as the source for extraction of essential
oil and was produced as lemongrass powder.

Figure 23 Lemongrass (Cymbopogon citratus)

The main chemical component of lemongrass is citral which has two
isomers consists of citral a (geranial), and citral b (neral) (Figure 24). These
compounds are abundant found in essential oil. In addition, the processing to make of
lemongrass powder may cause the reduction of citral content due to its thermal-
sensitive property with high temperature. The report exposes that the extraction of
citral compound from lemongrass powder with approximately 150 mg/g. (49)
Moreover, the lemongrass powder also contained the other group of phytochemical
compounds such as phenolic acids and flavonoids. (52)
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Figure 24 Chemical compound of lemongrass (a) citral a (geranial) and
(b) citral b (neral) (53)

This research focused on the lemongrass leaf due to the lemongrass leaf is
the agricultural waste after harvesting and not yet take benefit. Moreover, lemongrass
also contained cellulose, hemicellulose, and lignin as the compositions. Their content
was reported as cellulose 39.5%, hemicellulose 22.6%, and lignin 28.6%. (54)
Lemongrass contained chlorophyll A and chlorophyll B as the pigments and
responsible for its green color. In the study of Thorat PP and co-worker, they found a
total content of chlorophyll equal 0.1338 mg/g of lemongrass powder. The color
parameter has b* value as 27.28 were reported. (55)

Lemongrass is mostly used as flavoring ingredient for food. Moreover,
lemongrass was taken in the cosmetics, pharmacy, and medical because it has a more
active compound for antioxidant and antimicrobial activity. (51) This research has
been interested to use the lemongrass for development of the composite materials.

From the literature, L. D. Bekele and co-workers (54) have been studied
and developed the thermoplastic composites reinforcement with lemongrass powder.
They prepared the composite from high-density polyethylene (HDPE) and lemongrass
powder compounding by melt blending method with a twin-screw extruder. To study
the effect of lemongrass powder as reinforcement on the mechanical properties and
thermal properties, the results show the addition of lemongrass powder at 10% can
improve the tensile strength. In addition, lemongrass powder help to improve the
flexural properties of thermoplastic composites. The study of thermal property of
thermoplastic composites found that the degradation temperature shifts to a higher

temperature when adding of lemongrass powder. In the summary, lemongrass powder
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can improve the mechanical properties in term of reinforcement, and it can improve

the stability of temperature degradation.



CHAPTER Il

RESEARCH METHODOLOGY

The mulch film manufactory was performed in 2 steps. The first step was to
produce the bio-composite compound by using a twin-screw extruder. Then lead the
bio-composite compound was to perform the bio-composite film via the blow film
extruder. To purpose the effect of the natural fillers on the chemical properties,
physical properties, mechanical properties, and biodegradability. The details are as

following.

Raw materials

1. Ginger rhizomes from the local market in Phitsanulok, Thailand.

2. Lemongrass leaf from the local market in Phitsanulok, Thailand.

3. Poly(lactic acid); PLA with Ingeo™ Bio-polymer 4043D grade from
NatureWorks LLC.

4. Polybutylene succinate; PBS with BioPBS™ FD92PM grade from
NatureWorks LLC.

Equipment

1. Universal oven, Memmert Model UN110 from BEC THAI, Thailand.

2. Precision scale balance 2 points, DENVER INSTRUMENT Model TP-2102
from BEC THAI, Thailand.

3. Precision scale balance 4 points, DENVER INSTRUMENT Model SI-234
from BEC THAI, Thailand.

4. Laboratory test sieve 325 mesh (45 micron), Endecotts according to ISO 85
EN 9001.

5. Glass bottle with diameter 4.0 cm.

6. Grinder 1500 W, COSUAI Model CS-700.

7. Desiccator.



36

Instrument
1. Small scale twin-crew extruder, LABTECH Model LTE16-40.
2. Small scale blow film machine, LABTECH Model LE20-30/C & LF-250.
3. Fourier transform infrared spectrometer (FT-IR), Perkin Elmer Model
Spectrum GX.
4. X-ray diffractometry (XRD), BRUKER Model D2 Phaser.
5. Scanning electron microscope (SEM), Model Leo1455VP.
6. Calorimeter, Konica Minota Model CR-20.
7. UV-vis spectrophotometer, Specord 210 plus.
8. Universal testing machine, INSTRON® CALIBRATION LAB Model 5965.
9. Differential scanning calorimeter (DSC), METTLER TOLEDO.
10. Melt Flow Index (MFI), Instron® CEAST Model MF20.

Methodology and characterization technique
The research methodology and characterization in this work was separated

into 4 sections. The detail as following.

1. Natural fillers
1.1 Preparation of the natural fillers
Early immature ginger powder (EG), mature ginger powder (MG), and
lemongrass leaf powder (LE) were cut to and small size of approximately 1-2 cm and
removing the dirty by water. Let dry the pieces of EG, MG, and LE by the universal
oven at 60 °c for 24 hr. Then, the dried EG, MG, and LE were reduced size by using
the grinder. After that, let sieve by the laboratory test sieve with 45 microns. All the
natural fillers were stored in a plastic seal bag and keep in the desiccator to prevent
moisture.
1.2 Characterization of the natural fillers
The whole of natural fillers was characterized into 3 properties. The
chemical properties, morphology, and Fiber length were studied. The detail can be

seen as following.
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1.2.1 Chemical properties
The natural filler was indicated the functional group by using
Fourier Transform Infrared Spectroscopy (Perkin Elmer model Spectrum GX) with
ATR mode. The whole of natural fillers were analyzed in the wavenumber region of
4000 — 400 cm'™.
1.2.2 Morphology
The natural filler with particle size around 45 microns was
analyzed the morphology by using a scanning electron microscope (Model Leo
1455VP, CARL ZEISS CO., LTD.). The each of natural fillers was put on the stub
with carbon tape. After that, the sample was sputtered with gold to improve the
conductivity of the sample surface. The evaluation was indicated at magnifications as
200X and 1000X, respectively.
1.2.3 Fiber length
The SEM image of natural filler was investigated fiber length of
natural filler by ImageJ software with version of Fiji using Java 6. The measurement
of fiber length was measured with 100 units of each natural filler.

2. The bio-composite film from poly(lactic acid) incorporated with natural
fillers
2.1 Preparation of the bio-composite film
The bio-composite film was performed into 2 steps. The first step was
prepared the bio-composite compound. The second step was produced the bio-
composite film.
2.1.1 The bio-composite compound
The bio-composite compound was performed from poly(lactic
acid); PLA incorporated with various content of the natural fillers by a twin-screw
extruder. The raw materials were removed moisture by the universal oven at 60 °c for
2 hr before compound process. The temperature condition for compounding was used
100, 120, 140,150, 160, 170, 180, 180, 180, and 170 °c with screw speed 100 rpm.
The ratio of the bio-composite compound between PLA and natural fillers was

assigned in Table 4.
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2.1.2 The bio-composite film
The bio-composite compound pellets from a twin-screw extruder
was produced the bio-composite film by the blow film extruder. The condition of
blow film was set at the temperature as 150, 170, 180, and 170 °c and screw speed 90
rpm. The obtain bio-composite film has a thickness of 60-70 microns and a width of
17 cm.

Table 4 The ratio of the bio-composite film between poly(lactic acid) and each

natural fillers

Bio-composite et Q)
Poly(lactic acid) Natural filler

Neat PLA 100 0
97.5 2.5

EG 95.0 5.0
92.5 7.5

97.5 2.5

MG 95.0 5.0
92.5 7.5

97.5 2.5

LE 95.0 5.0
92.5 7.5

2.2 Characterization of the bio-composite compound
The bio-composite compound was to assay into 2 properties. The
characterization was studied into morphology and the melt flow index. The detail can
see in as following.
2.2.1 Morphology
The bio-composite compound pellet was analyzed the cross-
section morphology after cutting from a twin-screw extruder. Scanning electron
microscope (Model Leo 1455VP, CARL ZEISS CO., LTD.) was used to
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characterization. The pellet was stick on the stub with carbon tape and coating with
gold. The morphology characterization with 200X and 1000X as magnification.
2.2.2 Melt flow index (MFI)

The bio-composite compound pellet from a twin-screw extruder
was evaluated the melt flow index via melt flow indexer (Instron® CEAST MF20).
The melt flow testing was according to ASTM D1238E. Preparation of the bio-
composite compound pellets approximately 8 g with testing under temperature
conditions as 190 °c and 2.16 kg as load.

2.3 Characterization of the bio-composite film
The bio-composite film was assayed into 4 properties. The
characterization was studied on the chemical properties, physical properties,
mechanical properties, and biodegradability. The detail can see as following.
2.3.1 Chemical properties

Fourier Transform Infrared Spectroscopy (Perkin Elmer model
Spectrum GX) was used for determining the functional group of the bio-composite
film. The bio-composite film was assayed with ATR mode and scanning in the
wavelength from 4000 — 400 cm™.

2.3.2 Physical properties

Morphology: The surface morphology of the bio-composite film
was scanned by scanning electron microscope (Model Leo 1455VP, CARL ZEISS
CO., LTD.). Cutting the bio-composite film around 3 x 3 mm. The film specimen was
put on the stub by using carbon tape and gold sputtering on the sample. Moreover,
investigate the cross-section morphology of the bio-composite film from tensile
testing. The sample was put on the stub which the area cracking of the bio-composite
film on the top view. The magnification was scanned at 200X and 1000X. The

preparation of the bio-composite film can see in Figure 25.
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Figure 25 Preparation of the sample of the bio-composite compound and bio-

composite film for SEM analysis

Water vapor permeability (WVP): The bio-composite film was
assayed the water vapor transmission (WVTR) following ASTM E96-80. The glass
bottle with a diameter of 4 cm contains silica gel in the bottle. Then, lead the bio-
composite film has covered on the glass bottle and sealed. The sample was weighed
of the silica gel for the first time as a starts weight. The sample was placed in a
desiccator at 25 °c and 65 % RH as humidity. The water vapor transmission rate was
evaluated by the weight change of the silica gel in a glass bottle every 24 hr for 7
days. Which the weighing was determined with a precision of 0.0001 g. The water
vapor transmittance rate (WVTR) was calculated as follows.

Water vapor transmission (g/m? - day) = e

Where: G/t = Slope of the straight line between weight changes and time changes

(g/day)
A = Test area which is mouth of glass bottle area (m?)

Color parameter: The bio-composite film was measured the color
parameter by using a calorimeter (Konica Minolta model CR-20) following ASTM
E313-96. The bio-composite film with an area of 15 x 15 cm was identified in 10

different positions. The data report was obtained 3 parameters consists of L*
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(lightness), a* (red-green), and b* (yellow-blue). Color difference (AE) can be express
as the value of the sample compares with the sample standard. The calculation of AE

can be as follows.

AE = /(Ly — L1)? + (2 —a})? + (b; — b})?

Where: AL* = Different of lightness and darkness (+ as lightness, - as darkness)
Aa* = Different of red shade and green shade (+ as red shade, - as green
shade)
Ab* = Different of yellow shade and blue shade (+ as yellow shade, - as blue
shade)

UV transmittance: The bio-composite film was measured %UV
transmittance via UV-Vis spectrophotometer (specord 210 plus). The film specimen
was cut to a size of 3 x 3 cm which prepared 3 pieces of the sample. That recorded in
wavelength on 200-700 nm with scanning rate as 50 mm/min.

2.3.3 Mechanical properties

The bio-composite film was assayed the mechanical properties
by Tensile testing according to ASTM D638 with dumbbell Type I. Using universal
testing machine (INSTRON® CALIBRATION LAB model 5965). Preparation of the
specimen as dumbbell form with 7 specimens. Testing under the condition with load
cell 1 kN, tension rate 20 mm/min at room temperature. The data analysis was
evaluated in tensile strength, %elongation, and modulus at break.

2.3.4 Biodegradability

Biodegradation test of the bio-composite film was performed by
burying the sample into the soil for 3, 6, 9, and 12 months. The film specimen has 3 x
3 cm with 3 pieces was used in this test. The sample was buried in the soil with a high
10 cm from the ground and heap the soil cover the sample with a high of 5 cm. The
soil has a humidity range of 70-80 % RH. The biodegradability was evaluated by the
weight loss of the sample every 3 months for 12 months. The weighing was
determined with a precision of 0.0001 g. The percentage of weight loss was calculated

as follows.
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Wo

w
%Weight loss = x 100

Where: W = Weight of sample after burying in the soil (g)
Wy = Weight of sample before burying in the soil (g)

3. The bio-polymer blend film from poly(lactic acid) incorporated with
polybutylene succinate
3.1 Preparation of the bio-polymer blend film
The bio-polymer blend film was prepared into 2 steps. The first step
was to prepare the bio-polymer blend compound. The second step is the production of
the bio-polymer blend film.
3.1.1 The bio-polymer blend compound
The bio-polymer blend compound was performed from
poly(lactic acid); PLA incorporated with the content of polybutylene succinate; PBS
by a twin-screw extruder. The raw materials were removed moisture by the universal
oven at 60 °C for 2 hr before compound process. The condition for compounding at
temperature 100, 120, 140,150, 160, 170, 180, 180, 180, and 170 °C with screw speed
100 rpm. The ratio of the bio-polymer blend compound between PLA and various
PBS was expressed in Table 5.
3.1.2 The bio-polymer blend film
The bio-polymer blend compound pellets from a twin-screw
extruder were to production in the bio-polymer blend film. The blow film extruder
was used for film production. The process condition has used the temperature as 150,
170, 180, and 170 °C with screw speed 90 rpm. The thickness and width of bio-
composite film are 60-70 microns and 17 cm, respectively.
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Table 5 The ratio of the bio-polymer blend film between poly(lactic acid) and

various contents polybutylene succinate

Bio-polymer blend Weight (@)
PLA PBS
Neat PLA 100 0
L90_B10 90 10
L80_B20 80 20

3.2 Characterization of the bio-polymer blend compound
The bio-polymer blend compound was determined into 2 properties.
The characterization was analyzed into morphology and the melt flow index. The
detail can see in as following.
3.2.1 Morphology
The cross-section morphology of the pellet of the bio-polymer
blend compound from a twin-screw extruder was studied by a scanning electron
microscope. The condition and detail can see as follows in 2.2.1.
3.2.2 Melt flow index (MFI)
Melt flow index of the bio-polymer blend compound was tested
using ASTM D1238E. The instrument and condition were presented in 2.2.2.
3.3 Characterization of the bio-polymer blend film
The bio-polymer film was determined into 4 properties. The
characterization was studied the physical properties, chemical properties, mechanical
properties, and thermal properties. The detail can be seen as follows.
3.3.1 Physical properties
The cross-section of the bio-polymer blend film from tensile
testing was used to evaluate the morphology by scanning electron microscope. The
preparing of the sample can be seen in 2.3.2. The magnification has investigated at
1000X.
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3.3.2 Chemical properties
The bio-polymer blend film has identified the crystalline and
amorphous by X-ray diffraction (XRD). Using X-ray diffractometer (BRUKER, D2
Phaser; The Bruker®) for identity. The XRD spectra were determined by scanning
from 5° to 40° and the scanning rate is 2°/min.
3.3.3 Mechanical properties
Tensile testing was used to explain the mechanical properties of
the bio-polymer blend film. Tensile testing was characterized following ASTM D638
by using the universal testing machine for testing. The condition has used the same
with the bio-composite film, which the detail was observed in 2.3.3. The analysis was
considered in tensile strength, %elongation, and modulus at break.
3.3.4 Thermal properties
Thermal properties of bio-polymer blend film was tested by
differential scanning calorimeter; DSC (METTLER TOLEDO, United States) under
nitrogen (N2) atmosphere. Preparing the sample with weight around 8-10 mg. The
conditions of DSC that first heated from room temperature to 200 °C with a heating
rate of 10 °C/ min and then cooled down to 25 °C at a heating rate 10 °C/ min. The
second heating was heated from 25 °C to 200 °C. The DSC thermograms were
determined the glass transition temperature (T4), melting temperature (Tm), and cold
crystallization temperature (Tcc). Moreover, calculation the degree of crystallinity

(%Xc) as follows.

m

———x 100
W AHm,PLA

%Crystallinity =

Where: AHm = Enthalpy of the melting peak in endothermal process (J/g)
AHm, pLa = Enthalpy of the melting peak of pure PLA (93 J/g)
AHnm, pas = Enthalpy of the melting peak of pure PBS (210 J/g)
W = Weight fraction of each polymer in the bio-polymer (g)
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4. The bio-composite film from the bio-polymer blend incorporated with
lemongrass leaf powder
4.1 Preparation of the bio-composite film
The bio-composite film has performed the bio-polymer blend in the
ratio between PLA: PBS as 90: 10 incorporated with lemongrass leaf powder. The
production of the bio-composite film has 2 steps. The first step is compounding of the
bio-polymer blend and lemongrass leaf powder. The second step is the production of
the bio-composite film.
4.1.1 The bio-composite compound
The bio-composite compound was prepared from poly(lactic
acid) and polybutylene succinate at 10 %w/w. Moreover, adding lemongrass leaf
powder as natural filler was varied from 0, 2.5, 5.0, 7.5, and 10.0%w/w. The raw
materials were removed moisture by the universal oven at 60 °C for 2 hr before
compound process. Using a twin-screw extruder for compounding with temperature
as 100, 120, 140,150, 160, 170, 180, 180, 180, and 170 °C with 100 rpm as screw
speed. The ratio for compounding was exhibited in Table 6.
4.1.2 The bio-composite film
The bio-composite compound from a twin-screw extruder was
extruded and cut into a small pellet. The pellet was exported to produce the film by
using the blow film extruder. The blow film was processed at temperatures 150, 170,
180, and 170 °C with a screw speed of 90 rpm. The thickness and width of bio-

composite film are 60-70 microns and 17 cm, respectively.
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Table 6 The ratio of the bio-composite film between poly(lactic acid) and
polybutylene succinate with various the content of lemongrass leaf

powder

) ) Weight (g)
Bio-composite
PLA PBS LE powder
B10 LE2.5 875 10 25
B10 LE5.0 85.0 10 5.0
B10 LE7.5 825 10 7.5
B10 LE10.0 80.0 10 10.0

4.2 Characterization of the bio-composite compound
The bio-composite compound was to test into 2 properties. The bio-
composite film was characterized into morphology and the melt flow index. The
detail can be seen as following.
4.2.1 Morphology
The cross-section morphology of the pellet of the bio-composite
compound from a twin-screw extruder was studied by a scanning electron
microscope. The condition and detail can be seen as follows in 2.2.1.
4.2.2 Melt flow index (MFI)
Melt flow index of the bio-composite compound was tested using
ASTM D1238E. The instrument and condition were presented in 2.2.2.
4.3 Characterization of the bio-composite film
The bio-composite film properties derived into 6 parts. The
characterization studied the physical properties, chemical properties, mechanical
properties, thermal properties, biodegradability, and field test. The detail can be seen
as following.
4.3.1 Chemical properties
Fourier Transform Infrared Spectroscopy (FT-IR): Perkin Elmer
model Spectrum GX using for determining the functional group of the composite
film. The bio-polymer blend film was assay with ATR mode and scanned in the

wavenumber from 4000 — 400 cm™.
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X-ray diffraction (XRD): The bio-composite film has identified
the crystalline and amorphous by X-ray diffraction (XRD). The diffractogram were
determined by scanning from 5° to 40° and the scanning rate is 2°/min.

4.3.2 Physical properties

Morphology: The surface and the cross-section of the bio-
polymer film from tensile testing was used to evaluate the morphology by scanning
electron microscope. The preparing of the sample can be seen in 2.3.2. The surface
morphology was determined with magnification at 200X. The cross-section
morphology of the bio-composite film was investigated at 1000X.

Water vapor permeability (WVP): The bio-composite film was
assayed the water vapor transmission (WVTR) following ASTM E96-80. Which the
detail was explained in 2.3.2.

Color parameter: The bio-composite film was measured the color
parameter by using a calorimeter (Konica Minolta model CR-20) following ASTM
E313-96. The processing was assigned in 2.3.2. The data report was exported the
parameter consists of L*, a*, b*, and AE.

UV transmittance: The bio-composite film was measured %UV
transmittance via UV-Vis spectrophotometer (specord 210 plus). Which the condition
can observe in 2.3.2.

4.3.3 Mechanical properties

Tensile testing was explained the mechanical properties of the
bio-composite film. Tensile testing was characterized following ASTM D638 by
using the universal testing machine for testing. The conditions are the same as
described in 2.3.3. The analysis was considered in tensile strength, %elongation, and
modulus at break.

4.3.4 Thermal properties

Thermal properties of bio-polymer film was tested by differential
scanning calorimeter under nitrogen (N2) atmosphere. The detail of preparing sample
and condition was seen in 3.3.4. DSC thermograms were determined the glass
transition temperature (Tg), melting temperature (Tm), and cold crystallization
temperature (Tcc). Moreover, study the degree of crystallinity of the bio-composite

film.
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4.3.5 Biodegradability
The bio-composite film was embedded in soil for 1 and 2
months. The sample preparation and the calculation of percentage of weight loss can
be seen in 2.3.4.
4.3.6 Field test
The bio-composite film was covered the soil during environment
for 1 and 2 months. This test took place at Naresuan University, Phitsanulok,
Thailand, using real world conditions used for agriculture crops. The sample film
covered the soil from November 2020 to January 2021 which is classified as the
winter period of Thailand. The weather during this period recorded a low temperature
of 18°C and the highest temperature was 28°C. The relative humidity was
approximately 70-80%RH. The crops produced had a size of 25 x 50 cm per sample
film. The specimen of bio-composite film was characterized by the physical
properties (color parameter and UV transmittance) and mechanical properties (Tensile
testing). The characterizations are described according to 2.3.2 in which color
parameter measurement, UV transmittance, and tensile testing in 2.3.3, respectively.



CHAPTER IV

RESULTS AND DISCUSSION

This research has been interested in preparation and characterization of the
mulch film from the biopolymer-based incorporated with the natural fillers.
Poly(lactic acid); PLA and Polybutylene succinic acid; PBS were chosen as
biopolymer-based. Ginger and lemon grass were chosen to use as natural filler. For
ginger can be separated into 2 stages including early immature ginger and mature
ginger. The mulch film manufactory was prepared in 2 steps, the first step a twin-
screw extruder was used to prepare a compound, second step blow film extruder was
used to blow a film. The investigation of PBS effect and natural fillers content on
physical properties, chemical properties, mechanical properties, thermal properties,
and biodegradability was studied.

The results are separated into 4 sections. The first section, characterization of
natural fillers. The second, the effect of natural fillers into the PLA bio-composite
film was studied then the good natural filler was chosen for improving the bio-
composite film. The third section, the variation of PBS content in the PLA matrix was
investigated to observe including physical and mechanical properties. The last section,
the effect of different lemongrass leaf and PBS content was studied in the bio-
composite film on the physical properties, chemical properties, mechanical properties,
thermal properties, and biodegradability.

The characterization of natural fillers

In this research, we used 2 natural fillers, one was ginger which was used 2
stages consist of early immature ginger (EG) and mature ginger (MG), the other is
lemongrass leaf (LE). All of natural fillers were prepared in powder with particle size
around 45 microns. The one reason of choosing these 2 natural fillers due to they are
the herb in Thailand, which are easier to find. Moreover, these natural fillers are non-
toxic, non-contaminated to environment and biodegradable. The characterization of

natural fillers, chemical properties by Fourier Transform Infrared Spectroscopy
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(FT-IR), physical properties of the surface morphology natural fillers by Scanning
electron microscopy (SEM) and the fiber length analysis of natural filler by using

ImageJ software. The detail shows as following.

1. The chemical properties of the natural fillers

All of the natural fillers were analyzed the functional group using Fourier
Transform Infrared Spectroscopy (FT-IR) with ATR-mode in the wavenumber ranges
on 400-4000 cm™. These samples of natural filler were prepared to powder with
particle size of approximately 45 microns. From the FT-IR spectra (Figure 26), four
main peaks including O-H stretching (3200-3500 cm™), C-H stretching (2800-2900
cm™), C=0 stretching (1500-1700 cm™), and C-O stretching (1000-1100 cm™) were
observed. These bands found in natural fillers related to the functional group of
cellulose, hemicellulose, and lignin. (56), which are previously reported as the
chemical compositions of natural fillers (EG, MG, and LE). (54, 57) Among three
natural fillers, LE powder have a slight different band of FT-IR at 1734.10 cm™ as
seen in Figure 26¢ and this result corresponded to the study of Lemma Dadi Bekele
and co-worker. The band at about 1734.10 cm™ was proposed as the result of C=0
stretching of the acetyl group and linked to the ester linkage of carboxylic group of

ferulic acid and p-coumaric acid of lignin. (54)
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Figure 26 FT-IR spectra of (a) early immature ginger powder,
(b) mature ginger powder, and (c) lemongrass leaf powder

2. The morphology of the surface natural fillers
The morphology was observed by scanning electron microscopy (SEM).
These samples of natural filler were prepared to powder with particle size
approximately 45 microns. To study the morphology of each surface natural fillers.
From the SEM images show the characteristic of each of the natural fillers.
Table 7a presents the characteristic of early immature ginger particles at
magnification 200X. The particles are flakes and flat circle with distribution of the

different fiber length. Table 7b presents the morphology of early immature ginger at
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1000X that the surface morphology has a smooth surface. Table 7c shows the
morphology of mature ginger at 200X, which the particles are flakes like the early
immature ginger particles. Table 7d presents the morphology of mature ginger at the
magnification 1000X that the surface morphology shows the obviously roughness
more than the early immature ginger powder surface. The surface of ginger particles
is covered with another layer of hemicellulose and lignin and other substances. The
roughness surface of the mature ginger particles may causing from the maturation of
ginger due to the increasing of maturation stage influences the fiber in the ginger. The
other research studies the stage of ginger affects the crude fiber in ginger. It was
found the early immature ginger has a crude fiber of 1.35 g/100g. While the mature
ginger has increased the crude fiber to 1.52 g/100g. (47) The increasing of fiber
influences increasing the amount of hemicellulose and lignin in mature ginger too.
The percentage of cellulose, hemicellulose, and lignin were reported as 70.05%,
26.45%, and 3.5%, respectively. (57) Table 7e exhibits the lemongrass leaf particles
at magnification 200X that the most particles show flakes and different shapes. Some
particles reveal a rod shape and irregular shape, which related to the fiber
characteristic of lemongrass leaf. The lemongrass leaf is a monocotyledon, which it
has a long fiber. (58) Table 7f shows the morphology of the lemongrass leaf particles
that these particles have a rod shape and flake with a rough surface. Lemongrass leaf
has the chemical compositions as cellulose, hemicellulose, and lignin in 39.5%,
22.6%, and 28.5%, respectively. (54)
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Table 7 The morphology of natural fillers

Magnification
Sample

200X 1000X

EG powder

MG

powder

LE powder
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3. Fiber length of natural fillers
The natural fillers were prepared under sieve size 45 microns thus the
particle of natural fillers was varied in different length. The fiber length was studied
by ImageJ software. The result was reported in average length of each natural filler.

45

o :
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g 25 | % % mLE
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S s | i
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Figure 27 The fiber length of each natural fillers

Figure 27 proposes the distribution of fiber length for each of natural fillers.
Each of the natural fillers has a fiber length from 10 to 40 microns that these particles
can observe in SEM images in Table 7. For some particles have a length more than 45
microns due to the during process of measurement in length of natural fillers, which
LE powder has the rod shape and flake thus affects to the fiber length more than 45
microns. The most length of early immature ginger and mature ginger has been
distributed in 11-30 microns. While the fiber length of lemongrass leaf powder has
broad range of fiber length from 11-40 microns. The different length and shape of
natural fillers affect to the mechanical properties of the bio-composite. In the theory
of fillers, the shape, size, and surface morphology of fillers influences the particle
distribution in the polymer matrix. (41)

In the summary, the morphology of each natural filler has a different shape,
roughness of a surface, and fiber length. Both stages of ginger particles have a flat
circle shape that the surface morphology of mature ginger has roughness more than

early immature ginger. The length of fiber has a narrow range from 11-30 microns.
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While the lemongrass leaf particles have an irregular shape and vary broadly the fiber

length from 11-40 microns.

The effect of each natural filler in the bio-composite base on PLA matrix

The purpose of this section is studied the effect of natural filler to bio-
composite on the chemical properties, physical properties, mechanical properties, and
biodegradability. The natural fillers were varied at 0, 2.5, 5.0, and 7.5 %w/w. These
results consist of 2 sections bio-composite compound and bio-composite film. The
acronym of bio-composite in this part consists of a letter such as “LE” that means the
type of natural filler following a number of the percentage of natural filler. The

acronym illustrates as following in Table 8.

Table 8 The acronym of bio-composite compound and film

Natural filler Content of natural filler (%ow/w) Acronym
Non-filler 0 PLA
_ 2.5 EG 25
Early immature
_ 5.0 EG_5.0
ginger
7.5 EG 7.5
2.5 MG_2.5
Mature ginger 5.0 MG_5.0
7.5 MG_7.5
2.5 LE 2.5
Lemongrass leaf 5.0 LE 5.0
7.5 LE 7.5

1. Bio-composite compound from PLA and natural fillers
The sample of the bio-composite compound was performed by a twin-
screw extruder. To study the distribution of natural fillers in the polymer matrix via
morphology using scanning electron microscopy (SEM). Furthermore, the melt flow

index (MFI) of the bio-composite compound was studied.
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Morphology of bio-composite compound

To study the distribution with the same content of natural fillers (5%
natural filler) in the PLA matrix, which was studied by the cross-section of bio-
composite compound from pellet cutting by the twin-screw extruder. The analysis of
the different types of natural fillers affects to the adhesion between fillers and matrix.
This bio-composite compound was investigated by scanning electron microscopy
(SEM) at magnification 200X for observing the overall cross-section morphology and
natural filler distribution. At magnification 1000X for expressing of the interaction
between natural filler and polymer matrix.

Figure 28-31 are indicated the cross-section morphology of the PLA
compound and bio-composite compound incorporated with the different types of
natural fillers. The cross-section of the neat PLA compound is shown in Figure 28a-b

that the morphology has a clear surface.

Figure 28 Cross-section morphology of PLA compound at magnification (a)
200X, and (b) 1000X

The addition of 5% natural fillers into the polymer matrix shows the natural
fillers distribute and bind in the polymer matrix, but some particles pulled out of the
polymer matrix. The bio-composite compound incorporates with the early immature
ginger powder that exhibited in Figure 29a-b. The EG particles distribute into the
polymer matrix and some particles pull out of the polymer matrix which generates the
agglomerate in the polymer matrix in Figure 29a. The agglomerate of EG particle in
polymer matrix cause from the surface morphology and length fiber. The EG particles

have a smooth surface and small particles that easy to aggregates and tack of the
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particles. The EG powder has the chemical composition as cellulose which explains
the tack of particle. The cellulose has a hydrophilicity due to increasing molecular
interaction of fiber that causing to generate the EG agglomerate in the polymer
matrix. Figure 29b shows the interaction between EG particles and polymer matrix,
which expresses the gap between particles and matrix. The agglomerate of the EG

particles affects the film surface that has rough surface.

Figure 29 Cross-section morphology of bio-composite compound incorporated
with early immature ginger powder at magnification (a) 200X, and
(b) 1000X

The cross-section morphology of the bio-composite compound with mature
ginger powder presents in Figure 30a-b. It was found the MG particles distributed in
the polymer matrix. The MG particles distributed and embedded in the polymer
matrix. The rough surface of MG particles helps to good adhesion between particles
and matrix. However, the large particle size reduced the adhesion with the matrix. The
large particle pulled out of the polymer matrix and the morphology has gap between

MG particles and matrix.
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Figure 30 Cross-section morphology of bio-composite compound incorporated
with mature ginger powder at magnification (a) 200X, and (b) 1000X

The cross-section morphology of the bio-composite with lemongrass leaf
powder expresses in Figure 3la-b. The LE particles were distributed as random
orientation and tightly imbed in the polymer matrix. The adhesion area between LE
particles and polymer matrix indicates in Figure 32b, it was found the gap between
LE particle and matrix that was less than the EG and MG particles gap. In the
meanwhile, it was found the LE particles were pulled out of the matrix because of the
LE particles have a long particle more than ginger that affects pulling out of the
matrix during the cutting to the small pellet from rod compound by a twin-screw
extruder. The morphology of bio-composite compound incorporated with LE particle
was indicated the rough surface of LE particles which has a good adhesion more than
ginger. LE particles have flake, rod particles and roughness. The polymer chain can
be attached and combined with the rough surface of LE particle that affects to the
interaction between particles and matrix are hence. This good adhesion of

morphology influences the properties of the bio-composite.
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Figure 31 Cross-section morphology of bio-composite compound incorporated
with lemongrass leaf powder at magnification (a) 200X, and
(b) 1000X

The natural fillers contain the cellulose, hemicellulose, lignin, and another
substance on the surface. (47, 56, 57) The substances on the surface are the
hydrophilic compound which has more intermolecular force effect that it is easy to
tack and aggregates between particles.

In the summary, the addition of natural fillers into the PLA matrix, the
particles of natural filler were distributed in the polymer matrix and reduced the
continuous phase of the polymer matrix. The rough surface of the natural filler helps

to the particles and matrix has a good adhesion.

The effect of natural fillers on melt flow index (MFI)

The melt flow index of the bio-composite compound incorporated with
different natural fillers is attributed in Figure 32. The result shows the neat PLA has
MFI of 5.83 g/10 min. The addition of natural fillers into the PLA matrix exhibits
increasing the MFI more than the neat PLA compound (>5.83 g/10 min). Moreover,
the increasing percentage of natural filler affects to the MFI increasing. The reason for
this behavior causes from the natural fillers distribution in the polymer matrix that it
reduces the continuous phase of the polymer matrix. Moreover, the addition of natural
filler affects the reducing entanglements of polymer chain cause to the increasing of
MFI. The MFI influences the melting in the blow film manufactory process and

controls the temperature for the processing. Furthermore, MFI can predict miscibility
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of the bio-composite that the high MFI affects to the immiscibility of the bio-
composite.

MFI of bio-composite compound ranges on 11.00-27.00 g/10 min was
incorporated with EG powder. The addition of MG powder into the PLA matrix
jumped up to 35.00-67.00 g/10 min. The most fiber of MG has a length approximately
21-30 microns, which is non-various length cause poor MG distribution and generate
agglomeration. It affects to the interaction between polymer chain and filler that has
poor adhesion, which shown gap between MG particle and polymer that seen in SEM
image in Figure 30.

The incorporation of lemongrass leaf powder in the bio-composite films has
the MFI around 11.00-19.00 g/10 min, which is a slightly different from the neat
PLA. Due to the lemongrass powder is well distributed in the PLA matrix cause the
MFI slightly changed. The SEM image in Table 7e-f shows the surface morphology
of LE particles that has a roughness more than ginger. Thus, the interaction between
LE particle and polymer chain is well adhesion more than the bio-composite
compound with ginger. Furthermore, the LE particles have various fiber lengths, and
different shapes therefore the LE particles can well distribution in a random
orientation that according to the SEM image and the fiber length results. The LE
particles show well distribution in the polymer matrix and have higher miscibility
than the bio-composite compound incorporated with ginger.
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Figure 32 Melt flow index of bio-composite compound incorporated with each

natural fillers and different content of natural fillers

2. Bio-composite film from PLA and natural fillers

The bio-composite compound pellets from a twin-screw extruder were
produced the bio-composite film by blow film extruder with 70-80 microns as
thickness and width of 16-17 cm. This part studies the effect of different types of
natural fillers and various percentages of natural fillers added into the neat PLA film.
The natural fillers were varied at 0, 2.5, 5.0, and 7.5 %w/w. To characterize the
chemical properties (FT-IR), mechanical properties (Tensile testing), physical
properties (SEM, Color parameter, UV-transmittance, and Water vapor permeability),
and biodegradability of the bio-composite film. Moreover, the aim of this part is
selection of the appropriated natural filler for developing and producing the mulch
film. The acronym of the bio-composite films was assigned following in Table 8.

The chemical properties of the bio-composite film
The determination of the functional group of the bio-composite film with
adding natural filler and without adding natural filler into polymer matrix were
analyzed in this section. All bio-composite films were assayed the functional group in
the region ranges 400-4000 cm™ by using Fourier Transform Infrared Spectroscopy
(FT-IR) with ATR-mode.
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Figure 33 represents the FT-IR spectrum of natural fillers and the bio-
composite film. The interpretation of the FT-IR spectrum of natural fillers and the
bio-composite films incorporated with different types of natural fillers were presented
in Table 9. All the natural fillers were indicated the main 4 peaks consist of O-H
stretching at 3200-3300 cm™, C-H stretching region on 2900-3000 cm?, C=0
stretching as 1600-1700 cm™, and C-O stretching around 1000-1100 cm™. These
spectrums shown the functional groups according to the chemical composition of
natural fillers as cellulose, hemicellulose, and lignin. The description of assign the
functional group of natural fillers can clearly explain in the previous part of the
chemical properties of natural fillers.

The neat PLA film exhibited the 3 main spectrums as C-H stretching at
2994.01 cm™, C=0 stretching has appeared 1745.66 cm™, and at 1077.61 cm™ was
interpreted C-O stretching. These functional groups from assign have related to the
chemical structure of the poly(lactic acid). The addition of natural fillers included EG
powder, MG powder, and LE powder it was found the FT-IR spectrum of the whole
bio-composite films has a similar FT-IR spectrum with the neat PLA film. However,
the FT-IR spectrum of the bio-composite film incorporated with natural fillers has a
shift region as slightly. All of the bio-composite films were presented at the
wavenumber ranges 2900-3000 cm™* were O-H stretching, C-H stretching has arrived
on 1700-1800 cm™, and C-O was emanated on 1000-1100 cm™. The FT-IR spectrum
of all bio-composite films only express the function group of the poly(lactic acid)
structure and not different from the neat PLA spectrum. Moreover, the FT-IR
spectrum did not appear the function group of the natural filler when the spectrum
was observed that it did not find the peak of O-H stretching (Figure 33). Reasoning
about not appear O-H stretching in the FT-IR spectrum of bio-composite films may be
from the effect of the natural filler content in PLA matrix. The comparison of the ratio
between the polymer matrix and natural filler was found that it has the amount of
natural filler less than the whole PLA matrix. The result related to the SEM image in
Figure 28-31, they represented the cross-section morphology of bio-composite
compound that was found the area of PLA matrix has a larger than the area of natural
fillers. Also, the analysis was characterized under ATR mode that is another reason

because the ATR mode was characterized only the specimen surface. The addition of
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natural fillers into the PLA matrix, the natural fillers were bound and embedded in the
PLA matrix which non-pulled out from the surface of the bio-composite film.
According to the SEM images in Table 11-13 which were exhibited the bio-composite
film surface. Thus, the previous reasons affected the FT-IR spectrum and also not

presented the O-H stretching in the bio-composite film.

Table 9 FT-IR spectrum interpretation of natural fillers and the bio-composite

film

Samples Wavenumber (cm™)

O-H C-H C=0 C-O
Stretching Stretching Stretching Stretching

Natural fillers

EG powder 3269.17 2922.52 1634.03 991.80

MG powder 3280.84 2918.75 1633.83 1020.36

LE powder 3281.69 2961.88 1599.92 1031.49
Films

Neat PLA film - 2994.01 1745.66 1077.61

EG film - 2921.48 1743.73 1077.86

MG film - 2994.89 1745.03 1077.95

LE film - 2922.40 1744.16 1077.88
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Figure 33 FT-IR spectrum of natural fillers as (a) early immature ginger
powder, (b) mature ginger powder, (c) lemongrass leaf powder and
the bio-composite film as (d) neat PLA film, (e) EG film, (f) MG film,
and (g) LE film
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The morphology of the bio-composite film

The bio-composite films were evaluated the morphology of the bio-
composite films via Scanning electron microscopy (SEM). To evaluate the surface
morphology and the cross-section morphology of bio-composite films after carries
from tensile testing. To study the effect of the different types and different content of
natural fillers on the morphology of the bio-composite film. The surface morphology
of bio-composite films was determined at magnification 200X for analyzed the
overall surface and at 1000X for investigated the characteristic of natural filler
particles on the surface morphology. The cross-section morphology of bio-composite
films was observed at magnification 200X for evaluated the morphology after the
tensile testing. Moreover, it can observe the surface morphology in a high angle
direction. For magnification 1000X can be used to analyze the interaction between
natural fillers and polymer matrix of the specimen after carried from the tensile test.

Table 10a-b presents the surface morphology of the neat PLA film. It was
found the surface morphology was clear and smooth. The surface area did not have
voids. Table 10c shows the cross-section morphology of the neat PLA film, which
observed in the high angle direction that exposed smooth surface and without
appeared some particle pulled out of surface. At magnification 1000X can study the
attribution of the cross-section morphology after received the tension force. The neat
PLA film after carried the tension force shown the polymer was slightly extended,
moreover the phase is not separated. The addition of natural fillers into the PLA
matrix affected to change in the surface and cross-section morphology of bio-
composite film. The incorporation of natural fillers may be effect on the attribution of
bio-composite films.
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Table 10 Surface morphology and cross-section of the neat PLA film after

carried the tensile testing

Magnification
Sample

200X 1000X

Surface of
neat PLA

Cross-section
morphology

Cross-
section of
neat PLA

Figure 11 shows the surface morphology of the bio-composite films
incorporated with the different content of early immature ginger powder (EG film).
From the SEM image was found the surface morphology of EG particles was well
distributed in the overall of the bio-composite film but the EG particle get the
agglomerate in the bio-composite film. The addition of EG powder affected to
roughness to the bio-composite films. Moreover, the increasing content of EG powder
affected the EG particle has generated the agglomerate and causing of increasing
roughness appearance. At the high angle direction in cross-section image showed
roughness of the surface. The agglomerate and large EG particles were shown in
Table 11b-d-f, that the EG particles were bulged and separated from the bio-
composite film surface. Table 11 g-1 presents the cross-section of the EG film after
tensile testing. The cross-section of bio-composite film presented the distribution of
EG particles in the polymer matrix and investigated the adhesion between EG particle

and polymer matrix after carried on tension force. The cross-section of EG film after
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the tensile test at magnification 1000X that are clearly presented the interaction during
EG particle and polymer matrix. The specimen of EG film after received the tension
force which affected to the PLA matrix has a slightly stretch and some particles of EG
fallout from the matrix because the voids in the matrix. Some particles were bound
and embedded in the polymer matrix that covered and involved by a polymer matrix.
The interaction of EG particles and polymer matrix has a poor adhesion because the
interaction areas have a gap, hole, and pulled out from the polymer matrix. The poor
distribution of EG particles was reduced by the continuous phase of the polymer

matrix that influences the mechanical properties of bio-composite film.

Table 11 Surface morphology and cross-section of EG film after carried the
tensile testing

Magnification

Sample
200X 1000X
EG particle
Surface of |
- S
EG 25 '
Surface of

EG_5.0




Table 11 (Cont.)

68

Magnification
Sample
200X 1000X
Surface of
EG 75 EG particle
. ="
;‘ ”i‘trp:.: Py
Cross-section — poly mer <
holosy ol R Ve df
CI‘ 0SS- morpio ogy : Strlmhfs N E ((;ul:.‘l :::?le
. ERiESs SEW i pull ou
section of B D { £ pr /l
EG 25 ‘
- Surface morphology
Cross-section
CrOSS- morphology
EG particle was hidden in
section of polymer matrix
EG_5.0
Surface morphology
EG particle was hidden in
: 7 tu* ‘\‘ 5
Cross-section
Cross- morphology
section of

EG_7.5




69

Table 12a-f exhibits the surface morphology of the bio-composite film
when adding various content of mature ginger powder (MG film). It was found the
distribution of MG particles in the bio-composite film when increasing the content of
MG powder that increased more agglomerate in the polymer matrix. The MG powder
was non-compatible with the PLA matrix because the addition of MG powder was
separated from the PLA matrix causing the cracking between MG particles and the
PLA surface. Looking in the high angle direction in Table 12g-l shows the cross-
section of the bio-composite film after the tensile testing. It was found the surface of
the bio-composite films has roughness and the agglomerated MG particles are bulge
and pulled out of the bio-composite film. The interaction of MG particles and PLA
matrix can study in the cross-section of the bio-composite films. The magnification at
1000X of SEM images shows the interaction of MG particle and PLA matrix when
the specimen was received tension force, the PLA matrix was reduced stretching
when compared with EG film. The MG particle embedded in the PLA matrix that the
cross-section of the bio-composite has a less smooth surface causing an increase the
more discontinuous phase.

From the result, the attribution of this MG film shown immiscible phase
that may be affect to the mechanical properties of the bio-composite film. Both ginger
powders were poorly distribution in the PLA matrix are might from the effect of the
characteristic of particle. Both ginger powders have almost flat circle particles and
lose the rough surface that may be causing the poor adhesion between particle and
matrix. While the particle sizes have nearly size causing the ginger particle can be
easier to generate the agglomerate in the PLA matrix and the distribution is less
ability.
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Table 12 Surface morphology and cross-section of MG film after carried the

tensile testing

Magnification

Sample
200X 1000X
P MG particle
Surface of ¢ .
\
MG_2.5
Surface of
MG_5.0
Surface of
MG_7.5
MG particle
g
Cross-section
CrQSS- morphology
section of

MG 2.5
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Table 12 (Cont.)

Magnification

Sample
200X 1000X
Cross-section
morphology
Surface of
MG._5.0
Cross-section
morphology
Surface of
MG_7.5

Surface morphology

Bulge of MG particle

The bio-composite film incorporated with LE powder (LE film) has shown
the surface morphology in Table 13a-f and expressed the cross-section morphology
after the tensile test as Table 13g-l. The surface morphology of the LE film has a
rough surface when compared with the neat PLA film and increasing the content of
LE powder causing roughness of the film surface. The LE particles were well
distributed in the LE film that has seen in the SEM image the overall LE film surface
has LE particle distribution. Since they have a different sizes and various shapes
distributed on the surface that can be observed the characteristics as the bulge LE
particle on the LE film surface. The addition of LE particles has a less convex from
the PLA matrix when compared with both bio-composite films with ginger powder.
The roughness of LE film has less than EG and MG films at the same content of
natural filler adding. The different sizes and shapes of LE powder are a good attribute
cause the LE particle can be well distributed and involved with the PLA matrix.
However, the large particle size of LE powder affected to the roughness too, which
can be observed in Table 13g that it shows the LE particle is convex from the PLA
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matrix that may affect to some properties of the bio-composite film. The study of the
interaction between LE particle and PLA matrix was analyzed in the cross-section of
the bio-composite film after the tensile test can be seen in Table 13. The specimen
was carried the tension force causing the LE film was cracked which the LE particle
was pulled out from the PLA matrix but the area between the LE particle and the PLA
matrix was non-separate, non-voids and holes. The LE particle was embedded in the
PLA matrix and well adhesion with the PLA matrix due to the surface of LE particle
has more roughness causing the PLA matrix can be easier to involve.

From the morphology results of the whole bio-composite film can be
conclude the addition of natural fillers affects the morphology as reducing the
continuous phase of the bio-composite film. The increasing content of natural fillers
affects to the distribution in the PLA matrix and the surface of bio-composite film
show more roughness when increasing the content of natural fillers. LE powder has
well-distributed in the PLA matrix more than both ginger powders. Furthermore, the
rough surface of the LE particle has contributed to the adhesion with the PLA matrix.
However, the addition of all-natural fillers causing the immiscible bio-composite film.
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Table 13 Surface morphology and cross-section of LE film after carried the

tensile testing

Magnification

Sample
200X 1000X
Surface of
LE_25 d }E particle
Surface of
LE particle
LE 5.0
LE particle
Surface of ™~
LE 7.5
Cross-section
CrOSS- morphology
section of
LE_2.5
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Table 13 (Cont.)
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The mechanical properties of the bio-composite film
The bio-composite films were characterized the mechanical properties by
tensile testing. The analysis was investigated the Tensile strength at break,
%Elongation at break and Modulus at break. The neat PLA film and the bio-
composite film were characterized the tensile test in mechanical direction (MD) and
transverse direction (TD) due to the film process using by blow film extruder thus the
film expanded in two directions. To study the effect of the different types and content
of natural fillers were added into the bio-composite film. Moreover, study the
compatibility of the natural fillers and the bio-composite film.
The neat PLA film has the tensile strength at break as 47.48 MPa in MD
and TD as 48.61 MPa, %elongation at break in MD and TD were 12.33 and 11.55
respectively. Modulus at break has 681.13 MPa in MD and 639.5 MPa in TD. The
addition of natural filler caused all the values of the tensile test were changed that
may be affect to changing of the mechanical properties of bio-composite films.
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The mechanical properties of the bio-composite film incorporated with EG
powder, MG powder and LE powder has shown following Figure 34, 35, and 36,
respectively. All the bio-composite films shown the tensile strength was decreased
with the highest content of natural fillers in the ranges 9.00-13.00 MPa. Figure 34b,
35b, 36b presents the %elongation at break of the neat PLA film and the bio-
composite film. The addition of natural fillers into the bio-composite film causing the
strain was decreased which the highest content of natural fillers affects to reduce the
%elongation more than 75% when compared with the neat PLA film. The modulus at
break of all bio-composite film was lower than the neat PLA film. The modulus at
break of the highest content natural fillers adding has approximately 200-400 MPa.
The whole natural fillers have the tensile strength, %elongation at break and modulus
at break have a slightly different value.

The results are indicated the addition of natural fillers affect the mechanical
properties. The reducing of continuous phase of the PLA matrix and the compatibility
between the PLA matrix and natural fillers affected from adding fillers into the PLA
matrix. The observation of the natural fillers can see in the SEM images in Table 11,
12, 13 are represented the natural fillers are distributed and hinder the continuous
phase of PLA. The SEM image shows the interaction between natural particles and
the PLA matrix after carried on the tensile testing as the natural particle pulled out
from the PLA matrix causing the matrix to have a gab during natural particles and
PLA matrix and has some voids on the matrix. These characteristics are contributed
affect the mechanical properties that have low value.

The results can be concluded that all the natural fillers are effect to reducing
strength and strain values of bio-composite film that indicated the whole natural fillers
are non-reinforcement. For the results of SEM image and melt flow index can be
discussed the natural fillers and PLA matrix are immiscible. Then the mechanical
properties can investigate all the natural fillers are incompatibility with the PLA
matrix. However, the addition of natural filler may be influence reduced the
mechanical properties. On the other hand, maybe good effect to the other properties of

bio-composite film.
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Figure 36 The mechanical properties of bio-composite film incorporated with LE

powder as (a) Tensile strength at break, (b) %Elongation at break, and
(c) Modulus at break
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The physical properties of the bio-composite film

The bio-composite films were analyzed the physical properties by water
vapor permeability (WVP), color parameter, and UV transmittance. To investigate the
different types and content of natural in the bio-composite film that influences the
physical properties. The physical properties of bio-composite film were studied then
the good natural filler was chosen for improving and developing the bio-composite
film.

1. Water vapor permeability (WVP)

The bio-composite films were tested the water vapor permeability to
determine the effect of different types and content of natural fillers. The water vapor
transmission (WVTR) of these films were studied according to ASTM E96-80. WVP
is important for the application of mulch film because the mulch film should keep and
control the humidity in the soil. To discuss the effect of natural fillers on the water
vapor transmission.

Figure 37 show the water vapor transmission (WVTR) of the neat PLA
film and the bio-composite film. The neat PLA film has the WVTR as 2.3408
g/m?-day and adding the natural fillers into the PLA matrix affects the WV TR values
are changed. The WVTR of bio-composite film with EG powder has value ranges
from 2.1000 to 2.8000 g/m?-day. The addition of MG powder has a WVTR of 2.7000-
4.7000 g/m?.day. While the bio-composite film incorporated with LE powder has a
WVTR ranges on approximately 2.8000-3.5000 g/m?-day. The increasing of natural
fillers affects to increasing WVTR.

From the result, the surface and the cross-section morphology are
shown in the Table 11-13. The SEM images of the bio-composite film with natural
fillers presents the distribution of natural fillers in the PLA matrix which generate
many tortuous parts ways in the PLA matrix. The tortuous parts ways influence the
vapor diffusion throughout film surface. The increasing of natural fillers affect to the
bio-composite film has more particles distribution and generate many filler
agglomerates, which reduce the continuous phase in the PLA matrix. Moreover, the
agglomerates of natural fillers were poorly distributed affect to the interaction
between natural particles and PLA chain that the cross-section surface of the bio-
composite film shows a gap and voids. (37, 59) The addition of high content of
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natural fillers affects to the natural particles and PLA chain are immiscible. The
natural fillers reduce the endangerments of the PLA chain, which affects the
orientation of PLA chain. The immiscibility of natural fillers and PLA chain
influences the water and vapor can diffusion through out film surface, which affects
the WVTR has a high value with the greater of natural filler. Moreover, the increasing
of WVTR causes from the chemical components of the natural fillers (cellulose,
hemicellulose, and lignin) are hydrophilic compound, therefore these compounds can
be absorbed the water and vapor that affects to increasing of WVTR when increase
the natural fillers. However, the bio-composite film with MG powder has the highest
of WVTR due to the MG film was cracked while in experiment, the sample film

covers on the cup was deformation in 3 days thus affects to WVTR has the over rate.

6.0000 mNeatPLA ~ 25% m5.0% m7.5%
4.6656%
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£ 2.7548 5 7999
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2 20000 |- :
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Note: * Sample film crack

Figure 37 Water vapor transmission (WVTR) of the neat PLA film and the bio-
composite film incorporated with the different types and contents of

natural filler
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2. Color parameter

The bio-composite films were detected the color parameter (L, a*, b*,
and AE) to analyze the effect of natural fillers on the color shade of the bio-composite
film. Which, L value is the lightness of the sample by the positive (+) of L value as
the sample has a lightness, whereas the negative (-) of L value is the darkness of the
sample. The a* value in the color parameter indicated the red/green shade which,
positive of a* value is red shade and negative of a* value is green shade. The b* value
is the yellow/blue shade that positive of b* value assign as yellow shade and negative
of b* as blue shade. For the AE shown the difference of color shade between the bio-
composite film and the neat PLA film. The adding of natural filler causing the color
parameters was changed and influences of the AE of bio-composite film was changed
when compared with the neat PLA film.

Table 14 is indicated the color parameters of the neat PLA film and the
bio-composite film. It was found the neat PLA film has the highest value of lightness
as the L, a*, and b* has 86.89 + 0.34, -0.20 + 0.00, and -4.67 = 0.07, respectively. The
addition of natural fillers into the bio-composite film could reduce the lightness of the
bio-composite film. Moreover, the effect of natural filler causing the a* and b*
parameters to have increasing value when the content of natural fillers was increased
to high content which can observe in Table 14. The effect of parameter changes in L,
a*, and b* causing the AE of bio-composite film was changed to high value by
increasing the content of natural filler.

The bio-composite film incorporated with EG powder has the L value
in the ranges 84.00-87.00, ranges of a* value as -0.20 to 0.50 and b* value between -
2.60 to 2.90. The bio-composite film with MG powder has the L, a*, and b* ranges on
as 79.00-84.00, 0.70-2.90, and 3.40-12.30, respectively. For AE of both bio-composite
films include EG film and MG film have the increasing different value of AE when
increasing the content of EG and MG powder which the MG film has different AE
with neat PLA film more than EG film. The EG film and MG film were shown the
yellow shade which related to the color shade of ginger because the ginger has the
color component as curcuminoids which give the yellow pigment. (44) Moreover, the
age of ginger affects the color shade of bio-composite film when observed MG film
image in Table 14. The MG film has the dark shade more than EG film because the



82

harvest time affects the color of ginger which the early immature ginger has the
lightness of yellow shade when the harvest time was increased cause the color of
ginger was changed to brown shade. (47) Thus, the age of ginger influences the color
shade of bio-composite film which the color shade of EG film was the lightness of
yellow shade more than the MG film. The addition of LE powder in the bio-
composite film affects the color parameters were changed by the L, a*, and b* of LE
films has ranges on according 77.00-86.00, -0.50-1.40, and 1.80-15.30, respectively.
The AE has a high value more than EG and MG film which the increasing of AE value
with a greater content of LE powder. The LE film was appeared in a green-yellow
shade according to the lemongrass leaf color. The lemongrass leaf has chlorophyll A
and chlorophyll B that is a green pigment. (49) Furthermore, the content of
chlorophyll in the lemongrass leaf has a total content of 1.73 mg/g when let dried the
lemongrass leaf powder was found the content of chlorophyll also remain in the
particle but found in the low content of chlorophyll as the total content is 0.13 mg/g.
(55) So, the color component in the lemongrass affects the color shade of bio-
composite film with LE powder appears the green-yellow shade.

The changing of the color parameters affects the performance for UV-
transmittance of the bio-composite film. Moreover, the color compound in ginger and
lemongrass leaf are influenced to photosynthesis of plant because ginger has
curcuminoids as the pigment that can absorb UV-light in a wavelength range of 420-
580 nm. (60) The lemongrass leaf has chlorophyll A that can absorb UV-light in the
blue-violet region and chlorophyll B can absorb UV-light in red-blue light. (61)
Generally, weed and grass must use the UV-light for photosynthesis, (55) but the
natural filler has the component for absorbing the light in this range of light thus
adding natural filler into the bio-composite film may improve the properties about

preventing weed growth and avoid grass on the plot.



83

Table 14 The color parameter of the neat PLA film and the bio-composite film

Color parameters

Samples AE Color
L a* b*
Neat PLA
) 86.89 £ 0.34 -0.20 £ 0.00 -4.67 £ 0.07 Ref.
film
EG 25 86.89 £ 0.17 -0.20 £ 0.00 -2.67 £0.28 2.00
EG 5.0 86.64 + 0.26 -0.02 £0.04 -0.81 £ 0.10 3.87
EG 75 84.93 £ 0.27 0.50 £ 0.15 2.86 £ 0.60 7.81
MG_2.5 84.19£0.23 0.70 £ 0.05 3.45+0.27 8.60
MG_5.0 81.90 £ 0.24 1.70 £ 0.05 7.80+0.21 13.57
MG_7.5 79.81 £ 0.53 2.91+0.16 12.25+0.70  18.85
LE 2.5 85.85+0.28 -0.51+£0.03 1.84£0.31 6.60
LE 5.0 81.67 £ 0.25 0.08 £ 0.06 8.53+0.34 14.20 -
LE 7.5 77.39+0.71 1.31+0.15 15.30 £ 0.94 22.17
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3. UV Transmittance

The bio-composite film was examined the UV-transmittance to
determine the effect of natural filler on the UV-light transmittance performance. The
bio-composite film was detected in visible regions and can be separated into 3 regions
include at 315 nm (UV-B), 400 nm (UV-A), and 700 nm (visible region). %UV-
transmittance (%T) of bio-composite film were reported.

Table 15 performs the %UV-transmittance of the neat PLA film and
the bio-composite film incorporated with different types of natural fillers and different
content for adding. The neat PLA has the highest of %T which the UV-light can
transmit through the neat PLA film higher to 90% that cannot protect UV-light. The
neat PLA film has transparent properties. When adding the natural fillers into the bio-
composite film affects the %T was changed to decreasing the %T. The bio-composite
film incorporated with EG powder was expressed the UV-light can transmit through
around 11-43% which reduced %T with increasing content of EG powder. Adding
MG powder into the bio-composite film has shown the reduction of %UV-
transmittance to 6-27%. The reduction of %T of the bio-composite film with MG
powder cause by the age of ginger, which the MG powder has a dark shade more than
EG powder. The reason also affects the bio-composite film has a less of %T which
this result is related to the color parameter of the bio-composite film. The ginger has a
compound as curcuminoids that can absorb UV-light in wavelength 420-580 nm. (60)
The curcuminoids can help to reduce the transmittance of UV-light through the bio-
composite film because the curcuminoids can help to absorb UV-light in this region.
Moreover, ginger has more compounds to absorb the UV-light such as gingerol,
shogaol, and paradol which is an aromatic compound thus has greater UV-light
absorption. (43, 62) Thus, the UV-light also transmittance through the bio-composite
film are less content. The incorporation with LE powder of the bio-composite film
was performed the light transmittance just 1-20% at the highest content that is the
greatest light absorption when compared with whole natural filler for adding. The bio-
composite film with LE powder can absorb UV-light more than 80%. That can
explain the LE powder that was distributed in the bio-composite film acts as a barrier
to UV protection. Because the LE powder has the compounds are chlorophyll A and
chlorophyll B that this compound can highly absorb the UV-light in wavelength 450
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and 680 nm with chlorophyll A. For chlorophyll B can highly absorb in region 480
nm. (55, 61) Furthermore, the main chemical compound of LE powder as a phenolic
compound includes phenols, flavonoids, and alkaloids which these compounds are
aromatic compounds that can greatly absorb the UV-light and reduced the UV-light
transmittance through to the bio-composite film with LE powder. (52, 62, 63) The
addition of natural fillers was bound and distributed in the bio-composite film can
improve the UV-light protection because the natural acts as the barrier which can
protect the UV-light and reduce the UV-light transmittance. However, the UV-light
also can transmittance through to the bio-composite film but the %T was reduced thus
the bio-composite film incorporated the natural fillers has the translucent material.

In this work, the bio-composite film was developed and produced for
the mulch film. UV-light protection is the main property of mulch film because the
planting does not use the mulch film to cover the soil because it is easier to generate
the weed and grass growth in the crop. Due to the weed and grass can greatly absorb
the UV-light for photosynthesis and well growth. (60) When the UV-light can greatly
transmittance influenced the weed can be easier to grow. Causing the farmer must use
the herbicide to remove the weed and grass that release the toxic chemical from
herbicide to soil and remain in the environment. If the bio-composite film is used to
cover the soil that the good effect to the environment which avoid using the herbicide
and reduce the toxic of chemical release. Especially, the covering by the bio-
composite film can reduce the UV-light transmittance causing can prevent weed

growth in the crop as well.
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Table 15 %UV-transmittance of the neat PLA film and the bio-composite film

%UV-transmittance

Samples at 315 nm at 400 nm at 700 nm
(UV-B) (UV-A) (Visible region)
Neat PLA film 81.00 + 1.00 85.33£0.58 90.00 + 0.00
EG_25 35.50 £ 0.00 39.33 £0.58 43.00 £ 0.00
EG_5.0 16.00 + 0.00 19.00 + 0.00 22.00 £ 0.00
EG_75 7.00 = 0.00 9.00 +0.00 11.00 + 0.00
MG_2.5 17.00 + 0.00 22.00 £ 0.00 27.00 £ 0.00
MG_5.0 7.00 £ 0.00 10.00 + 0.00 14.00 £ 0.00
MG_7.5 2.00+0.00 4.00 £ 0.00 6.00 £ 0.00
LE 2.5 27.00 + 0.00 29.67 £ 0.58 35.00 +£ 0.00
LE 5.0 8.00 +0.00 9.33+0.58 13.00 + 0.00
LE 7.5 2.00+0.00 2.00+0.00 4.00 +0.00

The biodegradability of the bio-composite film

The bio-composite films have tested the biodegradability by putting the
samples in the soil at 3, 6,9 and 12 months. To study the effect of each natural fillers
and different content of natural filler on the biodegradable performance. The
recording of sample weight and average the weight change of each samples.

Table 16 presents the sample recovering after during biodegradable in the
soil. It was found the overtime causing all the samples to have a slight color changing.
Almost all the bio-composite film remained the shape except the bio-composite film
incorporated with MG powder. The percentage weight loss of the bio-composite film
after biodegradation in 3, 6, 9 and 12 months was shown in Figure 38. The result
showed the tendency for weight loss of the bio-composite films was increased when
increasing biodegradation times. The neat PLA film rather less degradable which
degrades just 1.09 % weight loss after burying in the soil for 12 months. The addition
of natural can help improve the biodegradability of the bio-composite film. The bio-

composite film with natural filler can degrade more than neat PLA film when observe
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in Figure 38 was shown percentage of weight loss. It was found the bio-composite
film incorporated with whole natural filler have a high percentage weight loss more
than neat PLA film.

The bio-composite film incorporated with EG powder after 6 months has
enhancement of the percentage weight loss and increasing content of EG powder
influences the percentage weight loss more increased. The highest content of EG
powder (7.5%w/w) at 6 months has percentage weight loss at 2.85% overtimes after 6
months has increased percentage weight loss to 6.79% and after burying in soil 12
months were found the bio-composite film with EG powder can degrade to 7.86%.
The bio-composite film adding with MG powder has a tendency like the bio-
composite film with EG powder. However, the addition of MG powder has the higher
degradation more than EG powder that the sample after 6 months buries in soil and
the bio-composite film has fast degradable when the sample was fragmented to small
size that can see the fragment samples in Table 16. The weight of sample was
recovered after 6 months that shown the increasing of percentage weight loss more to
46.34% from 2.03% at 3 months. The increasing time for burying in soil that can the
greatest degrade as showing after 12 months and the percentage weight loss increases
to 63.40%. The comparation of the bio-composite film with MG powder has the
percentage of weight loss more than incorporated with EG powder that it maybe
effect from MG particles and the PLA matrix were separated together and have a less
continuous phase which related to the morphology of the bio-composite film can see
in SEM image. This immiscibility of the bio-composite film and MG powder maybe
affect the properties of film that easier to cracking. Another reason is related WVP of
the bio-composite film with MG powder has a high value of WVTR due to the
morphology of bio-composite film has gap and hole between MG particle and PLA
matrix. The relation during the bio-composite film and MG powder causing the
sample is easier to fragmentation and disintegration into small pieces. Moreover, the
bio-composite film incorporated with LE powder that presented the same trend for the
percentage of weight loss with the bio-composite film with both ages of ginger. The
increment of burying in the soil causing the sample has more degradable which
performed more enhancement of the percentage of weight loss. In addition, the high
content of LE powder can help to degradable. The samples of the bio-composite film
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with the highest content of LE powder after buries in soil 9 months have fast
degradable which has the percentage of weight loss increase to 14.59%. After 12
months, the bio-composite film with LE powder can high up degradable as 16.58% of
weight loss.

Generally, PLA is a biodegradable polymer that can be degraded via the
hydrolysis process. The suitable condition includes the moisture, microorganism, and
content of oxygen was influenced the degradation of PLA. Which, PLA will degrade
to water, carbon dioxide, and another compound with non-toxic chemicals. (33) The
addition of natural fillers into the PLA matrix has influenced the degradability of neat
PLA film. The natural fillers with the PLA can support fast decompose properties that
can observe in the tendency for the percentage of weight loss in Figure 48. The high
up degradable of the bio-composite film when adding the content of natural fillers
because the natural fillers maybe hinder the continuous phase of PLA matrix causing
the strength of bio-composite film was reduced. The observation in the mechanical
properties of the bio-composite film shown the tensile strength and %elongation of a
whole bio-composite films was decreased thus, effect to the bio-composite film has a
brittle and easier to fragmentation. Moreover, in this work performed testing by
burying in the soil due to the moisture and microorganism thus effect to the
degradability that sample can be fragment to small size. From the tendency, if
increasing time of degradable causing the sample maybe can degradable high up and
help to reduce to the small size, moreover, the last maybe degrade to water and carbon

dioxide, respectively.
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Table 16 The bio-composite film sample recovered after biodegradable in soil

Biodegradation times (months)

Sample

Neat
PLA

film

EG 2.5

EG_5.0

EG_7.5

MG 25

MG_5.0
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Table 16 (Cont.)

Biodegradation times (months)
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Figure 38 Biodegradability of the neat PLA film and the bio-composite film

incorporated with (a) MG powder,
(c) LE powder

(b) EG powder,

and
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The effect of polybutylene succinate (PBS) in the bio-polymer blend base on PLA
matrix

The purpose of this section was studied the effect of polybutylene succinate
(PBS) in bio-polymer on the chemical properties, physical properties, mechanical
properties, and thermal properties. The variation of PBS was presented 0, 10, and 20
%w/w. The results in this section can be separated into 2 kinds including bio-polymer
blend compound and bio-polymer blend film. Due to there are many kinds of bio-
polymer blends. Abbreviations were used to represent in each sample. For example,
poly(lactic acid) or PLA will use abbreviation ‘L’ letter followed by the content of
PLA as a number. The “B” letter will be polybutylene succinate or PBS following the
percentage of PBS content as number. All abbreviation of the samples were shown as

following in Table 17.

Table 17 The acronym of bio-polymer blend compound and film

Content of PBS (%ow/w) Acronym
0 PLA

10.0 L90 B10

20.0 L80_B20

1. Bio-polymer blend compound
The sample of the bio-polymer blend compound was performed by a twin-
screw extruder. The miscibility of PBS in the bio-polymer blend based on PLA was
studied by using scanning electron microscopy (SEM). Moreover, the melt flow index
(MFI) technique of the bio-polymer blend compound was studied.
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Morphology of bio-polymer blend compound

Morphology of the bio-polymer blend based on PLA was studied in the
form of cross-section. Bio-polymer blend compound from pellet cutting was prepared
by the twin-screw extruder. Moreover, variation of content of PBS affects the
miscibility between PLA and PBS were discussed. The bio-polymer blend compound
was examined by scanning electron microscopy (SEM) at magnification 200X and
1000X.

The cross-section morphology of the neat PLA compounds and bio-
polymer blend compounds from twin-screw extruder present in Figure 39-41. The
pellet cross-section compound of the neat PLA shows the clear surface, non-appear

voids, and have homogeneous phase. The results were shown in Figure 39a-b.

Figure 39 cross-section morphology of the neat PLA compound at magnification
(a) 200X, and (b) 1000X

The addition of PBS into the PLA based also affects the properties of the
bio-polymer blend. The bio-polymer blend with 10%w/w of PBS shows the cross-
section morphology in Figure 40. Cross-section morphology has clear surface, non-
voids, and the polymer is stretches. The addition of 10%w/w of PBS shows the cross-

section morphology has surface miscibility.
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Figure 40 Cross-section morphology of the bio-polymer blend based on PLA
with 10%w/w of PBS content at magnification (a) 200X, and
(b) 1000X

On the other hand, when adding content of PBS to 20%w/w shows the
cross-section morphology has roughness that can be observed in Figure 41. Moreover,
the phases of the bio-polymer blend compound were separated from the continuous
phase. The SEM image of the bio-polymer blend can be discussed the adding of 10%
of PBS into the PLA base influences the bio-polymer blend has miscibility. While the
content of PBS adding more than 10% affects to the bio-polymer blend has the
immiscibility. These characteristics of bio-polymer blend are influenced the melt flow

index and mechanical properties of the bio-polymer blend film. (40)

Figure 41 Cross-section morphology of the bio-polymer blend based on PLA
with 20%w/w of PBS content at magnification (a) 200X, and
(b) 1000X
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The effect of PBS content on melt flow index (MFI)

Melt flow index (MFI) of the bio-polymer blend compound was studied
follow ASTM D1238E. The influence of the content of PBS of melt flow index was
studied and results were changed and shown in Figure 42. The results show the MFI
of the neat PLA compound was 5.83 g/10min while the addition of PBS content to
PLA based may caused the MFI of bio-polymer blend was changed to increase values.
However, addition of the content of PBS with 10%w/w causing the MFI value more
than the neat PLA compound, which MFI was increased to 13.85 g/10min. The
increasing content of PBS causing the greater MFI value which the MFI of bio-
polymer blend with 20%w/w of PBS was 17.77 g/10min. The increasing of MFI when
adding more content of PBS due to PBS is an aliphatic polyester polymer which
structure consists of succinic acid and 1,4-butanediol that the chain of PBS has
number of carbons more than PLA chain because PBS has high flexibility more than
PLA. (7) When increasing the content of PBS for adding into the PLA based that the
PBS could improve the chain mobility of PLA and the bio-polymer blend can be
easier to flow causing the MFI was increasing value. However, when adding more
content of PBS to 20%w/w will affect the bio-polymer blend that has high value of
MFI. It will indicate the PLA and high content of PBS was immiscible. Immiscibility
of PLA and 20%w/w of PBS content in the result can be observed by SEM image in
Figure 41. The results show that immiscibility of the PLA and PBS blend has

roughness and phase separate when adding high content of PBS in Figure 43.
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Figure 42 Melt flow index of the bio-polymer blend based on PLA with varies
content of PBS

2. Bio-polymer blend film
The bio-polymer blend films were analyzed the physical, mechanical, and
thermal properties. Different content of PBS in the bio-polymer blend film was
investigated influences miscibility of the polymer blend. Moreover, optimum ratio of

PLA and PBS was chosen for developing the bio-composite film.

Morphology of bio-polymer blend film

Morphology in form of cross-section of the bio-polymer blend film after
tensile testing was studied. The investigation of the various content of PBS affects to
the morphology and discussion about the miscibility between PLA and PBS. The
samples were analyzed by scanning electron microscopy (SEM) at magnification
1000X.

Figure 43 was performed the and cross-section morphology of the neat
PLA film. The film sample was examined the mechanical properties by tensile testing
to investigate the characteristic after carried on tension force. The cross-section of the
neat PLA film is slightly stretched after carried on tensile testing. The cross-section

morphology shows a homogeneous phase.
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Figure 43 The cross-section morphology of the neat PLA film at magnification
1000X

Adding the content of PBS affects the cross-section morphology of the bio-
polymer blend film is slightly changed. Figure 44 presents the cross-section
morphology of the PLA blend with 10%w/w PBS (L90_B10). The cross-section
morphology is slightly stretched after received tension force. The phase of L90_B10
after tensile testing has non-separated between PLA and PBS and the cross-section
morphology has a smooth surface but less smooth than the cross-section of the neat
PLA film. The cross-section morphology of the L90_B10 compound by the cutting
pellet from the twin-screw extruder was shown in Figure 40. So, the PLA blend with
10%w/w has rather miscibility with influences the mechanical properties of the bio-

polymer film.

Figure 44 The cross-section morphology of the L90 B10 film at magnification
1000X
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The increasing content of PBS more than 10%w/w into the PLA base the
morphology and the cross-section morphology of the bio-polymer blend film. Figure
45 is the PLA blend with 20%w/w of PBS (L80 _B20) show the cross-section
morphology. The cross-section morphology of the L80_B20 presents separated phase
after carried on tensile testing. The SEM image according to the characteristic of the
cross-section of the L80_B20 compound has the phase-separated between PLA and
PBS. The bio-polymer blend between PLA and 20%w/w of PBS has rather an
immiscibility. The addition of 10%w/w PBS has a good surface morphology more
than adding at 20%w/w of PBS content. So, the PLA blend with 10%w/w has more
miscible and probably can be improved and developed the mechanical properties of
neat PLA film.

Figure 45 The cross-section morphology of the L80 B20 film at magnification
1000X

2. Chemical properties of bio-polymer blend film

Chemical properties of bio-polymer blend film were performed by X-ray
diffraction (XRD). Adding of PBS was varied content from 0, 10, and 20%w/w were
studied. The XRD results show the effect of increasing content of PBS causing the
intensity of crystallinity of bio-polymer blend.

Figure 46 shows the XRD pattern of the neat PLA film and the bio-
polymer blend film. The neat PLA film was indicated the XRD peak has 2 main peaks
consists of at 260 = 16.36° and 26 = 30.78°. At 16.36° is the highest intensity
approximately 2900 and at 20.78° has an intensity of around 1700 that was shown in

Figure 46a. The neat PBS film appear 2 mains of the XRD peak consists of 20 =
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19.77° and 260 = 22.05°. The diffractogram of PBS has sharp peak more than PLA
because the structure of PBS has the crystalline more than PLA that shown in Figure
46b. The addition of PBS into the PLA base affects the intensity of 26 was changed.
Figure 46¢ presents the diffractogram of the PLA blend with 10%w/w of PBS was
expressed 2 main peaks consist of approximately 16.52° and 30.42°. The intensity of
each peaks also less than the neat PLA film. The amorphous of the bio-polymer blend
was reduced due to the structure of PBS has crystalline around 33-45%. Thus, the bio-
polymer blend film with 10% PBS has promising increase of the crystalline, which
relate to the DSC of L90_B10. However, the increasing content of PBS to adding onto
PLA base in Figure 46d shows the PLA blend with 20%w/w of PBS. It was found the
XRD pattern also has 2 main peaks include 16.85° and 29.65°, which has high
intensity more than the L90_B10 film. Moreover, the peak from diffractogram has a
large broad band more than the neat PLA film and L90_B10.

The result was explained the addition of over content of PBS into the PLA
based causing reduced crystallinity of the sample that may be influenced the
mechanical properties of the bio-polymer blend film. However, the diffractograms
shows the main peak of all film samples have the broad band, which investigated the
neat PLA film, and all-bio-polymer blend film characteristic are amorphous polymer.
Because the adding of PBS content into PLA based was caused to reduce the
continuous phase of PLA that shown in SEM image. Moreover, the PBS chain may be
hidden the PLA chain also reduce the crystallinity of the bio-polymer blend. This
characteristic affects the mechanical properties and thermal properties of the bio-
polymer blend film.
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Mechanical properties of bio-polymer blend film

The mechanical properties of neat PLA film and the bio-polymer blend film
were examined via tensile testing. The sample characterization was tested in 2
directions consist of mechanical direction (MD) and transverse direction (TD). The
result was discussed on the tensile strength at break, %elongation at break, and
modulus at break. The effect of the PBS content adding into PLA based was
investigated via the mechanical properties. Furthermore, compatibility between PLA
and PBS was also discussed via the mechanical properties.

Figure 47 represents the mechanical properties of the neat PLA film and the
bio-polymer blend. It was found the tensile strength at break of the bio-polymer blend
film was increased more than the neat PLA film, which neat PLA film shows the
tensile strength at break as 47.48 and 48.61 MPa in MD and TD, respectively. When
adding the content of PBS with 10%w/w affect increasing the tensile strength at break
to 47.18 MPa in MD and 54.69 MPa in TD. However, when increasing the content of
PBS to 20%wi/w causing the tensile strength at break was more decreased in TD. This
case may cause the high content of PBS affects reducing the compatibility of the bio-
polymer blend during PLA and PBS. According to the melt flow index (MFI) of the
bio-polymer blend, adding more over the content of PBS will affect the bio-polymer
blend and easier to melt flow because the PLA chain was hidden from the PBS chain.
Another agreement is the SEM image was shown the immiscibility morphology when

adding over the content of PBS can observe in Figure 41. The observation with the
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cross-section morphology of L80_B20 was found the sample after carried on tension
force has the phase-separated can see in Figure 45. The high content of PBS may be
caused the interaction between PLA and PBS particle that has poor interaction and
reduce the tensile strength at break of L80_B20. %Elongation at break of the neat
PLA film and bio-polymer blend film was shown in Figure 47b. The additional
content of PBS with 10%w/w affects the increase of %elongation at break in MD.
While in the TD was found %elongation at break was reduced because the specimen
during tensile testing has cracked without stretch behavior. Which this case has
agreed with the PLA properties because the PLA has hard and brittle. Thus, the crack
behavior thus does not stretch. (7) The increasing content of PBS to 20%w/w shows
the low %elongation at break in MD because the PBS particles reduce the continuous
phase and causing the phase has separate can observe in Figure 45. So, the effect of
the high content of PBS has reduced the chain mobility of PLA that influenced the
specimen was reduced stretch and show high the tensile strength at break. On the
other hand, the TD shows a high %elongation at break that according to the properties
of PBS is flexible. The high of %elongation at break in TD may be the specimen after
carried on the tension force has rearrangements of PBS chain causing the bio-polymer
blend film has increased the stretch. The specimen presents ductile properties thus it
has less tensile strength, which the results are related follow with the principle of the
bio-polymer blend. (64) This result relates to the XRD result that the addition of PBS
causing some direction has increased the %elongation. The observation of XRD
pattern in Figure 46 was found the adding more content of PBS causing the bio-
polymer blend to have a broader band that meaning the bio-polymer blend film has
more amorphous. The modulus at break shown in Figure 47c, which shows the neat
PLA film has a high modulus more than the bio-polymer blend film when compare
with L90_B10 in MD and L80 _B20 in TD. The high modulus at break of the neat
PLA follows the hard and brittle properties. While the adding of PBS content causing
the modulus at break has a lower value than the neat PLA film in MD at 10%w/w of
PBS and decrease in TD at 20%w/w of PBS. Thus, the addition of PBS content can
help to improve the flexibility and the stretching of the bio-polymer blend film. In
addition, the adding content of PBS at 10%w/w is the appropriate ratio between PLA
and PBS. Which the bio-polymer blend film between PLA and PBS of 10%w/w can
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compatible when adding more than 10%w/w causing the bio-polymer blend film to

come to incompatibility.
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Thermal properties of bio-polymer blend film

The neat PLA film, neat PBS film, and the bio-polymer blend film were
characterized thermal properties by differential scanning calorimeter (DSC). In the
first heat of the experiment is to clear the thermal history of the polymer. The glass
temperature (Tg), cold crystallization temperature (Tcc), melting temperature (Tm),
enthalpy of melting (AHm), and the degree of crystallinity (%Xc) were studied in the
second heat to discuss the miscibility of the bio-polymer blend.

Table 18 shows the data of DSC analysis of the neat PLA film, neat PBS
film, and bio-polymer blend film. The neat PLA film show T4 on 57.04 °C. The neat
PBS film was not appeared Tq due to PBS has the low Ty with around -30 °C but this
work carried heating from 25-200 °C. The addition of PBS content in the PLA base
was found the T of the biopolymer film was changed. Ty of L90_B10 was shifted to a
lower temperature as 48.07 °C. T4 of L80_B10 has a visible separated to 2 peaks
which Tq appears around 48.22 °C and 71.19 °C.

Tec of the neat PLA film shows 103.18 °C. The additional content of PBS
causing T of the bio-polymer blend was changed to a lower temperature. While neat
PBS was not appeared T in the thermogram. The adding content of PBS as 10%w/w
causing T¢c born around 92.34 °C. The increasing content of PBS to 20%w/w shows
Tec around 96.99 °C. Cold crystallization temperature (Tcc) after adding content of
PBS into PLA based was shifted. The addition of PBS influences was promoted the
crystalline generation. Addition of PBS into the PLA base affects the polymer to
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blend it easier to generate the crystalline thus can discuss PBS act as the nucleating
agent. (65)

While T of the neat PLA promotes approximately 142.82 °C and neat PBS
shows around 72.84 °C. Increasing content of PBS for adding into PLA base affects
the melting temperature of the bio-polymer blend. Tr of adding PBS at 10%w/w was
shifted to 141.78 °C and adding of 20%w/w causing Tm was shifted to a lower
temperature. Moreover, the addition of PBS affects Tm, which changed and appeared
two distinct peaks. The results were shown in Figure 48c. From T4 and T of the bio-
polymer blend can be discussed whole of the bio-polymer blend has a spilled peak of
Tg and Tm peak. Increasing content of PBS for adding influence Ty of L80_B20 was
obviously separated into 2 peaks. In the summary, the addition of PBS more than
10%w/w causing the bio-polymer blend between PLA and PBS to come to
immiscibility. This result related to the melt flow index and the morphology of the
L80_B20.

The calculation of the crystallinity (%Xc) of the neat PLA film has 22.95%
and the neat PBS has 10.05%. The additional content of PBS has affected the
crystallinity of the bio-polymer blend. The addition of PBS as 10%w/w and 20%w/w
causing the increase of %X that increase to 32.37% and 32.92%, respectively. The
results relate to the XRD result, which adds contents of PBS affects to reducing the
intensity of amorphous peak.

So, all the results in this work have been interested to choose the good ratio
of PLA and PBS is 90: 10 due to this ratio has a miscible and good mechanical
property. Addition of PBS at 10%wi/w can be improved the strength and the flexibility
of the bio-polymer blend.
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Table 18 Data of DSC analysis of the neat PLA film, the neat PBS film, and the

bio-polymer blend film

2"d heat
Sample
Ty Tee Tm AHm %Xc
PLA 57.04 103.18 142.82 21.34 22.95
PBS N/A N/A 72.84 21.11 10.05
L90_B10 48.07 92.34 141.78 27.09 32.37
L80 _B20 48.22 96.99 139.05 24.49 32.92
T 15t heat | Cooling | 2nd heat
i : '
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Figure 48 DSC thermograms of the neat PLA film, the neat PBS film, and the

bio-polymer blend film
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The effect of polybutylene succinate (PBS) and natural filler as lemongrass leaf
powder (LE) in the bio-composite base on PLA matrix

From above section was studied the properties of each natural filler and
improving the properties of PLA by adding content of PBS. All of the results can be
discussed and chosen the type of natural filler as lemongrass leaf powder, which
shows the miscible with the PLA matrix. Moreover, the appropriate ratio between
PLA and PBS is 10%w/w of PBS has miscibility and compatibility with the PLA
matrix. So, in this part has been interested to choose the bio-polymer blend between
PLA and PBS as 90: 10 and choosing the lemongrass leaf powder as a natural filer to
adding into the bio-composite.

This section has been interested to produce and develop the mulch film from
bio-composite film based on the PLA matrix. The properties of the PLA to flexible by
adding content of PBS at 10%w/w was improved. Moreover, the lemongrass leaf
powder as natural filler was added to improve the color and UV-light transmittance of
the bio-composite film. The effect of PBS content at 10%w/w and various natural
filler content as 0, 2.5, 5.0, 7.5, and 10.0%w/w were studied. This work was assumed
the PBS and lemongrass leaf powder act as fillers for adding into the polymer matrix
as PLA. In summary, chemical properties, mechanical properties, physical properties,
thermal properties, biodegradability, aging test, and field test were examined.

The abbreviation of this part using the first letter is “B10” represent the
content of PBS at 10%w/w. Another letter is “LE” represented lemongrass leaf
powder as natural filler which follows the content of natural filler as a number. All

abbreviation of samples were shown in Table 19.
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Table 19 The acronym of the bio-composite with PBS and various content of

lemongrass leaf powder

Content of PBS (Yow/w) Content of LE (Y%w/w) Acronym
0.0 L90_B10

2.5 B10 LE25

10.0 5.0 B10_LE5.0

7.5 B10 LE7.5

10.0 B10_LE10.0

1. Bio-composite compound from PLA, PBS, and LE powder
The pellets bio-composite compound from a twin-screw extruder was used
to study. The morphology surface was analyzed by scanning electron microscopy
(SEM) to observe the preliminary miscibility of the bio-composite. The melt flow

index (MFI) of the bio-composite compound was investigated.

Morphology of bio-composite compound

Attributed of the distribution of the PBS particles and the LE powder in the
PLA matrix from the cross-section pellet from a twin-screw extruder were studied.
Moreover, interaction between PLA matrix and fillers as PBS, and LE powder to
considers the preliminary miscibility of the bio-composite film were discussed. The
cross-section pellet was characterized by using scanning electron microscopy (SEM)
at magnification 200X for observing the overall cross-section morphology and PBS
particles and LE powder distribution. At magnification 1000X for discuss the
interaction between PLA, PBS, and LE powder.

Table 20 represents the cross-section morphology of the neat PLA
compound and each bio-composite compound at magnification 200X and 1000X. The
neat PLA compound has a continuous phase and clear surface, which looks in Table
20a-b. The addition of PBS into the PLA matrix that appears the surface has a
continuous phase, clear surface, and non-voids. Addition of LE powder into the

matrix affects the cross-section morphology of the bio-composite was changed to
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roughness. All of the cross-section morphology of the bio-composite compounds
expresses the LE particles bind in the matrix and the matrix has a single phase. The
increasing content of LE powder affects to the morphology have more roughness. All
of bio-composite compounds show the LE particles are distributed in the matrix. The
increasing content of LE powder influences the LE particles are generated the
agglomerate in the matrix. The addition of the LE powder of more than 5%w/w
presents the hole and gap between the matrix and LE particles. The highest content of
LE powder was observed in Table 20k-1, some of the LE particles pull out from the
matrix and present a gap between LE particles and polymer matrix. Generally, the
lemongrass leaf has the content of cellulose 39.5%, hemicellulose 22.6%, and lignin
28.5% that whole compounds are the hydrophilic compound. (47, 56, 57) High of
hydrophilic compound cause to easily generate the agglomerate in the matrix. The
continuous phase is reduced by the LE agglomerates. Moreover, the different shapes
and variation of sizes affects the distribution of polymer matrix. The SEM images in
Table 20 show the rod shape and long particle of LE powder that distribute in the
polymer matrix and the rod particle pulled out of the matrix in orientation following
the machine. The rod shape binds in the polymer matrix that generated the gap
between particle and polymer matrix.

In the summary, addition of more content of LE powder as more than
5%wi/w causing the bio-composite between matrix and LE particle come to
immiscibility. The over LE powder content affects the distribution in the matrix has
many LE agglomerates. While addition of PBS has not shown the PBS particle in the
matrix. PBS particles bound in the PLA matrix and the phase non-separated together.
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Table 20 Cross-section morphology of the neat PLA compound and the bio-

composite compound

Magnification

Sample

200X 1000X

Neat PLA

L90_B10

B10 LE2.5

B10_LE5.0
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Table 20 (Cont.)

Magnification
Sample

200X 1000X

B10_LE7.5

B10_LE10.

Melt flow index (MFI) of the bio-composite compound based on PLA
matrix incorporated PBS and LE powder

The influence of the PBS and the various content of LE powder also affect
the melt flow index (MFI) of the bio-composite compound. The tendency of the melt
flow index is the same trend as the previous part. The addition of the LE powder into
the matrix causing the MFI was increasing shown in Figure 49.

The neat PLA compound has MFI as 5.83 g/10min. When adding the PBS
affects the bio-polymer blend compound can be easier to melt flow which increasing
the MFI value to 13.85 g/10min. Which the reason ever pronounces in the previous
part that the structure of PBS has a long chain more than the PLA chain. Especially,
PBS is the flexible polymer. (7) Thus, PBS bind with the PLA matrix affects the chain
mobility of the polymer compound thus easier to flow and increasing MFI value. The
addition of the LE powder into the matrix affect the MFI was increasing more than
the neat PLA compound and L90_B10 compound. The lowest content of LE powder
has the MFI increasing to 23.87 g/10min and the MFI value increasing to 47.52 g/10
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min with the content of LE powder as 10%w/w. The increasing the MFI trend with
the greater content of LE powder because the LE particles were bidden in the matrix
causing reduction the continuous phase of the matrix. Moreover, LE may be reduce
the entanglements of polymer chain affects MFI of the bio-composite compound has
increased. The results were related to the SEM images of the cross-section
morphology of the bio-composite compound that shown in Table 20. The interaction
between the matrix and LE particles has a low interaction because some particles of
LE powder were pulled out of the matrix.

60

50 47.52

20 | 3853
33.30
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I

Melt Flow Index (g/10min)
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5.83

PLA L90_B10 B10_LE25 B10_LE5.0 B10_LE7.5 B10_LE10.0

Figure 49 Melt flow index (MFI) of the neat PLA compound and the bio-

composite compound

2. Bio-composite film from PLA, PBS, and LE powder

The bio-composite film based on PLA incorporated PBS and LE powder
were performed by the blow film extruder. The bio-composite film has a thickness of
70-80 micron and a width of 16-17 cm. The influence of the addition of PBS and the
LE powder as fillers into the PLA matrix were discussed. Characterization of the bio-
composite films was examined the chemical properties (FT-IR and XRD), mechanical
properties (Tensile testing), physical properties (SEM, Color parameter, UV-
transmittance, and Water vapor permeability), and field test by cover the soil during

in the environment.
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The chemical properties of the bio-composite film
The neat PLA film, the bio-polymer blend film, and the bio-composite
films were to analyze the chemical properties by Fourier Transform Infrared
Spectroscopy (FT-IR) and X-ray differential (XRD). The effect of the LE powder that
causing the bio-composite film was how changed in the chemical properties were
studied.
1. Fourier Transform Infrared Spectroscopy (FT-IR)

The film specimen and LE powder were to determine the functional
group by using Fourier Transform Infrared Spectroscopy (FT-IR) with ATR-mode.
Which scan in the wavenumber ranges on 400-4000 cm™. Functional group of the bio-
composite film when adding with the PBS and LE powder were observed. Distinct of
the functional group of the neat PLA film, the bio-polymer blend film, and the bio-
composite film were interpreted.

The FT-IR data of the LE powder, the neat PLA film, the neat BS film,
the bio-polymer blend film, and the bio-composite film were promoted in Table 21.
The LE powder has the 4 main peaks at 3281.69 cm™, 2961.88 cm™, 1599.92 cm™,
and 1031.49 cm™. The interpretation was determined O-H stretching, C-H stretching,
C=0 stretching, and C-O stretching, respectively. The functional groups of LE
powder related to the composition of lemongrass leaf as cellulose, hemicellulose, and
lignin. (47, 56, 57) The neat PLA film has 3 main peaks as C-H stretching at 2994.01
cmt, C=0 stretching at 1745.66 cm™, and C-O stretching at 1077.61 cm™. All spectra
appear of the neat PLA film were shown the functional groups follow the structure of
poly(lactic acid). (7) The neat PBS film has 3 main peaks like PLA spectrum. The
interpretation peak can separate at 2945.35 cm™ as C-H stretching, at 1711.83 cm™ as
C=0 stretching, and, at 1152.14 cm™ as C-O stretching. The addition of PBS content
into the PLA matrix also presents 3 main peaks but each spectrum was slightly shifted
to a higher wavenumber. The shift of spectrum can observe in Figure 50. The
functional groups of the bio-polymer blend films also according to the chemical
structure of poly(lactic acid) and polybutylene succinate. (7)

The additional content of LE powder into the bio-polymer blend film
also available has 3 main peaks include C-H stretching, C=0 stretching, and C-O
stretching. The spectrum of the bio-composite film was found at the same peak with
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the neat PLA film and the bio-polymer blend film that just a slight shift of
wavenumber. The FT-IR spectrum of the bio-composite film non-appear the
functional group with O-H stretching, which is the main peak of LE powder. When
compared the ratio of the matrix and LE powder, it found that the content of LE
powder has less than the matrix. Detection of instrument was easily to determine the
main material more than the LE particles. Thus, the FT-IR spectrum of the bio-
composite was an invisible peak of O-H stretching. Moreover, this work was analyzed
by both FT-IR and ATR modes. This mode was analyzed only the surface of the
specimen. (66) The surface specimen of the bio-composite film has not found the
particle of LE which the bio-composite film has a roughness but not found the LE
particles pulled out to surface specimen. It can observe the characteristic with SEM
image of the bio-composite film in Table 22. So, the attribute is another reason for
explaining abound the FT-IR spectra of the bio-composite film non-found the O-H

stretching peak.

Table 21 FT-IR data of natural fillers and the bio-composite film

Wavenumber (cm™?)

Samples O-H C-H C=0 C-O
Stretching  Stretching  Stretching  Stretching

Natural fillers

LE powder 3281.69 2961.88 1599.92 1031.49

Films
Neat PLA film - 2994.01 1745.66 1077.61
Neat PBS film - 2945.35 1711.83 1152.14
Bio-polymer blend film - 2994.44 1746.88 1078.76

Bio-composite film - 2993.99 1747.90 1079.44
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Figure 50 FT-IR spectrum of (a) lemongrass leaf powder, (b) neat PLA film,
(c) neat PBS film, (d) bio-polymer blend film, and (e) the bio-
composite film (B10_LE)

2. X-ray diffraction (XRD)

The bio-composite film specimen and LE powder were used to
determine the crystallinity and amorphous by using X-ray diffraction (XRD). The
effect of the LE powder on the crystallinity or amorphous change in the bio-
composite film were studied.

The diffractogram of LE powder was presented in Figure 51. The LE
powder has a main peak of 20 at 16.7 and 21.48°, which relates to the cellulose of
lemongrass leaf. However, the peak of LE powder presents a rather broad peak thus
express the amorphous in lemongrass leaf. In the study of Olopade and co-worker was
reported the lemongrass is the perennial grass that has silica content. The leaf of

perennial grass has a high content of silica in the leaf. (67-69) So, this work was used
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the lemongrass leaf thus the XRD pattern was expressed the amorphous peak of
amorphous silicon. The XRD pattern of the neat PLA film and the bio-polymer blend
film were appeared the broad band of the amorphous. The neat PLA film and the bio-
polymer blend film have 2 main peaks include around 26 = 16° and 30°. Adding the
PBS content into the matrix has decreased slightly intensity of the amorphous peak.
Furthermore, addition of LE powder into the bio-polymer blend matrix caused the
intensity of the peak of bio-composite film was slightly changed.

The diffractograms of all bio-composite films appeared the broad band
same the neat PLA film and the bio-polymer blend film. The XRD pattern of all bio-
composite films was found 2 mains peaks of 26 consists of approximately 16° and 30°
which non-different from the neat PLA film and the bio-polymer blend film. The bio-
composite film has not expressed the peak of LE powder in the XRD pattern. The
diffractogram of the bio-composite film was shown in Figure 51. The increasing of
LE powder into the bio-polymer blend matrix affects the intensity of the 20 peak was
changed, when increase LE powder to high content causing the intensity was
decreased.

In the discussion, when increase LE powder that affects decreasing of
amorphous phase in bio-composite film, which can confirm by 20 peak intensity in
Figure 51d-e was decreased. The lemongrass leaf also has the content of crystalline
around 36.20%. (69) So, the addition over the content of LE powder maybe affects

decreasing the amorphous phase in the bio-composite film.
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Figure 51 XRD pattern of (a) LE powder (b) B10_LE2.5, (c) B10_LES5.0,
(d) B10_LE7.5, and (e) B10_LE10.0
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Figure 51 (Cont.)

The morphology of the bio-composite film

All specimens of the neat PLA film, the bio-polymer blend film, and the
bio-composite film were to characterize the morphology using scanning electron
microscopy (SEM). The evaluation at the magnification of 200X was used to
observed the surface morphology. For 1000X as magnification to study the cross-
section morphology and interaction between matrix and LE particles. The specimen of
the cross-section for determination in SEM was received after tensile testing. The
effect of tension force on the interaction during matrix and fillers was discussed.

Table 22 was assigned the surface morphology and the cross-section
morphology of the bio-composite film after tensile testing. The surface morphology of
the bio-composite film has a roughness that increasing roughness when adding more

content of the LE powder. The LE particles are also bidden in the bio-composite film
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which non-pulled out to the surface. The LE powder has a particle with different
shapes that LE particles express the rod shape and flake. The different shapes and
sizes have the advantage in the distribution in the bio-polymer blend matrix. A small
particle can disperse and fill between any particles in the bio-polymer blend matrix. If
the LE particles have only size and shape causing the LE particles were generated
more agglomerate. The probably poor distribution in the bio-polymer blend matrix
affects the properties of the bio-composite film. However, the oversize of LE particles
influences the bio-composite film has roughness because the LE particle was
distributed and convex to the film surface.

The cross-section of the neat PLA film, the bio-polymer blend film, and the
bio-composite film from tensile testing was observed in Figure 43-45 in previous part.
The cross-section surface morphology of the neat PLA film shows a continuous phase
that the specimen was slightly stretch after received the tension force. The addition of
the PBS into the PLA matrix expresses the cross-section morphology after carried on
the tension force has a smooth surface less than the neat PLA film. However, the
cross-section morphology also has a continuous phase and the phase non-separated
between PLA and PBS. While the addition of the LE powder into the bio-polymer
blend matrix was shown the LE particle was bidden in the matrix phase. The tension
force has affected the bio-composite film that the LE particle was pulled by the
tension force and pulled out from the matrix. But some particles of LE also embedded
in the matrix, which can see in Table 22d. Moreover, it was found the gap between
the LE particle and the matrix is less gap and non-found the hole on the cross-section
morphology. It can be discussed that the matrix and LE particle has a good interaction
because the LE particle has the rough surface thus causing the matrix can involve with
the rough surface. However, increasing of LE particle for adding into the matrix that
causing to reduce the continuous phase that maybe reduces the mechanical properties

of the bio-composite film.
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Table 22 Surface Morphology and Cross-section of the bio-composite film after

tensile testing

Magnification
Sample

Surface at 200X Cross-section at 1000X

B10 LE2.5

B10_LE5.0

B10_LE7.5

B10_LE10.
0
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The mechanical properties of the bio-composite film

The mechanical properties of the bio-composite films were examined by
tensile testing. Bio-composite film in 2 directions consists of mechanical direction
(MD) and transverse direction (TD) were tested by Tensile testing. The effect of LE
powder adding into the bio-polymer blend matrix on the mechanical properties of the
bio-composite films were characterized and studied. The results were reported as
tensile strength at break, %elongation at break, and modulus at break.

Figure 52 was exhibited the mechanical properties of the neat PLA film,
the bio-polymer blend film, and the bio-composite film with various content of LE
powder. The neat PLA film has the tensile strength at break as 47.48 MPa in MD and
48.61 MPa in TD. The addition of PBS at 10%w/w content causing the bio-polymer
blend film has increased the value of tensile strength. In the above part on the
mechanical properties of the bio-polymer blend film were discussed. The addition of
LE powder into the bio-polymer blend matrix was changed the tensile strength
decrease. The tendency of the LE powder into the bio-polymer blend matrix was
presented the decreasing trend when the greater content of LE powder. The addition
of LE powder at the lowest content as 2.5%w/w was found the tensile strength has
decreased to 19 MPa in MD and 22 MPa in TD. The increasing LE powder to the
highest content as 7.5%w/w causing reduce the tensile strength at break to 8 MPa in
MD and 9 MPa in TD. The reduction trend in tensile strength at break when
increasing content of LE powder due to LE particles were distributed and embedded
in the bio-polymer blend matrix. Because LE particles reduced the continuous phase
of the matrix when the specimen received the tension force affect the surface between
LE particle and matrix can be easier to separate. So, adding over the content of LE
powder into the matrix causing the bio-composite film has more LE particles in the
matrix. Moreover, the observation of the SEM image was found the area between LE
particles and the matrix have a little gap and voids. Because LE particles have
increased the opportunity was to pull out and separated, which can be observed by the
cross-section morphology of the bio-composite film after tensile testing and the
interaction between LE particles and the matrix in Figure 52.

%Elongation at break of the neat PLA film, the bio-polymer blend film,
and the bio-composite film has appeared in Figure 52. %Elongation at break of the
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neat PLA film has around 11% in MD and 12% in TD. The adding of PBS content
causing %elongation at break has the broad ranges of around 4% in MD and 39% in
TD that has a slightly more than the neat PLA film. The discussion of this case may
be the effect of the PBS content can improve the strain of the PLA. Which can follow
the discussion on the above part in the mechanical properties of the bio-polymer blend
film. While adding content of LE powder into the matrix causing the %elongation at
break was decreased. The trend of %elongation of the bio-composite film when varies
content of LE powder from 2.5-10.0%w/w was shown a slightly increasing of
%elongation. The lowest content of LE powder in the bio-composite film has
%elongation at break was decreased to 3% in MD and 4% in TD. The increasing
content of LE powder has exhibited %elongation at break was improved to 4% in MD
6% in TD at the highest content of LE powder. This behavior has occurred because of
the effect of PBS content adding in the matrix. It can improve the strain of the bio-
composite film. The more content of LE particle maybe can be involved with the
polymer chain thus effects the polymer chain in the matrix can be rearranged. The
specimen of the bio-composite film carried on the tension force causing LE particle
was involved and pulled the polymer chain in the polymer matrix and increasing of
strain. However, the addition of LE powder influences was reduced the continuous
phase of the bio-polymer blend matrix that has %elongation was less than the neat
PLA film and the bio-polymer blend film. Modulus at break of the neat PLA film, the
bio-polymer blend film, and the bio-composite film can be observed in Figure 52. The
modulus at break of all bio-composite film has decreased with the greater content of
LE powder adding. In the discussion, general the PLA was hard, and brittle properties
thus has a high modulus. (7) The adding of PBS can slightly improve the flexibility of
the PLA. However, the addition of LE powder into the matrix cannot improve the
flexibility of PLA which has a high modulus at break.

In the summary, the addition of the LE powder into the bio-polymer blend
matrix was affected to reduce the continuous phase of the bio-polymer blend matrix.
Thus, it can reduce the strength of the bio-composite film. This result can be observed
by the SEM image. In Table 22 was shown the LE particle was hidden in the matrix.
The bio-composite film with the LE powder has immiscibility because the matrix and

LE particle were adhesive with poor interaction which shows the gap between LE
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particle and matrix. Moreover, the tensile strength in the machine direction is more
than the transverse direction because the film was extended in the machine direction
cause the polymer chain rearrangement that affects to high strength in MD more than
TD. The mechanical results can be concluded the addition of LE powder causing the
bio-composite film comes to an incompatibility. Because the LE powder was reduced
the tensile strength and decrease strength high to 40% when compared with the bio-
polymer blend film. It can be explained the LE powder is non-reinforcement.
However, the addition of the LE powder has the advantage of the color parameter and

UV-light absorption.

@

o
=}
1

54,69
| 4748 4861 4718

=MD
[ nTD
22.16 21.98
9.05
20 ¢ 6.74
13.12 054
ol Im24 )
0 J u
PL.

A L90_B10  B10_LE25 B10_LE50 B10_LE7.5 B10_LE10.0
12.33

B a1
o =}

Tensile Strength at break (MPa)
w
o

(b)

39.34

=MD
nTD

%Elongation at break

15 11.55
0 6.11
5 | 443 3.853.29 3.844.24 3585'16 4.06
0
PLA L90_B10 B10_LE25 B10_LE5.0 B10_LE7.5 B10_LE10.0

Figure 52 Mechanical properties of the bio-composite film as (a) tensile strength
at break, (b) %elongation at break, and (c) Modulus at break
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The physical properties of the bio-composite film
The physical properties of the bio-composite film were characterized by
water vapor permeability (WVP), color parameter, and UV transmittance. PBS
content and various content of LE powder how affects the physical properties of the
bio-composite film were studied.
1. Water vapor permeability (WVP)

The water vapor permeability was using test the water vapor
transmission (WVTR) of the bio-composite film which follows ASTM E96-80. The
content of PBS and various content of LE powder for adding which affect water vapor
transmission through the bio-composite film were determined. The bio-composite
films were applied to produce the mulch film to cover the soil. Thus, this is an
important property of the mulch film for keep and control the moisture in the soil.

Figure 53 was notifying the water vapor transmission (WVTR) of the
neat PLA film, the bio-polymer blend film, and the bio-composite film. The WVTR
of the neat PLA film has 2.3408 g/m?-day, while in the neat PBS film has 0.4777
g/m?.day. The adding content of PBS has a slight decrease of WVTR because the
addition of PBS helps the polymer chain of the bio-polymer blend has good
orientation and good entanglement. The addition of LE powder into the bio-polymer
blend matrix causing the WVTR to have an increasing trend with the greater content
of LE powder. WVTR of the bio-composite film has a range of 2.8000-3.0000
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g/m?-day which has WVTR nearly with the neat PLA film and the bio-polymer blend
film.

The observation of the cross-section morphology with SEM image
were shown in Table 22. The addition of LE powder affects the surface has a
roughness. Some particles of LE were convex on the film surface that may generate a
small pore on the surface. The high content of LE powder has reduced the continuous
phase and generated the agglomerate in the matrix. Moreover, the agglomerates of
natural fillers were poorly distributed affect to the interaction between natural
particles and PLA and PBS chain that the cross-section surface of the bio-composite
film shows a gap and voids. Because the vapor can be diffused through out the bio-
composite film. (37, 59) So, the WVTR tendency thus increasing when adding over
the content of LE powder in the bio-polymer blend matrix.
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Figure 53 Water vapor transmission (WVTR) of the neat PLA film, the neat PBS
film, the bio-polymer blend film, and the bio-composite film with

various contents of LE powder
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2. Color parameter

The color parameter was explained the different color parameters of
the bio-composite film compared to the neat PLA film and the bio-polymer blend
film. The result was reported the color parameter consists of L value meaning the
lightness-darkness of the specimen, a* value is red/green shade, and last is b* value
assigned to yellow/blue shade. Moreover, the AE was indicated about the changing
the color parameter of the bio-composite film compared to the neat PLA film and the
bio-polymer blend film.

The color parameters of the neat PLA film, the bio-polymer blend film,
and the bio-composite film were indicated in Table 23. The neat PLA film and the
bio-polymer blend film have translucent which has a high value of the color
parameter. Which the bio-polymer blend film has almost no different from the neat
PLA film. The data of color parameters show AE of the bio-polymer blend film has
just 1.20 when compared with the neat PLA film.

The bio-composite film incorporated with LE powder causing the color
parameters were changed which the addition of LE powder has reduced the lightness
of the film. L value was reducing and increasing values of a* and b*. The increasing
content of LE powder causing the AE of bio-composite film was changed to a high
value. The bio-composite film with LE powder appeared in a green-yellow shade that
following the shade of lemongrass leaf. The lemongrass leaf has a green-yellow shade
because the main pigment in the lemongrass leaf is chlorophyll A and chlorophyll B.
Which, blue-green pigments are chlorophyll A and chlorophyll B has yellow-green
pigments. (49) The addition of LE powder can improve the colorlessness of the bio-
polymer blend film, which the color of the bio-composite film has the advantage of
resistance the UV-light transmittance. Because avoid weed growth because the grass
must use UV-light for photosynthesis. (55) Component of the pigment as chlorophyll
in the LE powder can absorb UV-light. (61) Thus, affect the grass and weed were

reduced growth.
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Table 23 The color parameter of the neat PLA film, the bio-polymer blend film,

and the bio-composite film

Color parameters

Samples AE
L a* b*

Neat PLA film  86.89 +0.34 -0.20 £ 0.00 -4.67 +0.07 Ref.
L90 B10 87.11 £ 0.07 -1.20 £ 0.00 -4.05 £ 0.05 1.20
B10 _LE25 83.97 £0.33 0.45+0.08 4.59 + 0.47 9.73
B10 LE5.0 81.00 £ 0.63 0.80+0.12 11.38+£0.70 17.13
B10 _LE7.5 78.35 + 0.60 1.41+0.16 13.88+0.81 20.48
B10 LE10.0 76.90 £ 0.87 2.19+0.30 15.11+1.03 22.29

3. UV Transmittance

UV transmittance was exported data as %UV transmittance (%T) in the
visible region. The result was reported in 3 regions that identify at 315 nm (UV-B),
400 nm (UV-A), and 700 nm (visible region). Absorption ability of the LE powder
when was adding into the bio-composite film was studied.

%UV transmittance data of the neat PLA film, the bio-polymer blend
film, and the bio-composite film were analyzed in Table 18. The neat PLA film has
the highest %T as high as 81-90%. Due to the neat PLA film has clear and colorless.
So, the UV-light can be easier to transmit through the neat PLA film. The bio-
polymer blend film has %T less than the neat PLA film. Generally, PBS is a non-
transparency polymer. (7) Thus, adding the content of PBS into the PLA matrix
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causing the bio-polymer blend film appears rather non-transparent. Which the UV-
light can transmit through the bio-polymer blend film was reduced to 70-88% from
81-90% of the neat PLA film. Both the neat PLA film and the bio-polymer blend film
cannot protect UV-light.

%T of the bio-composite film was decreased when incorporated with
the greater content of LE powder. The data of the bio-composite film with various
content of LE powder has performed in Table 24. The lowest content of LE powder
adding into the bio-polymer blend film has %T was decreased to 13-23%. While the
adding with the highest content of LE powder that influence reduce %T of the bio-
composite film to1-3%. Which the bio-composite film with 10%w/w of LE powder
can absorb the UV-light higher than 95%. The bio-composite film with the LE
powder has UV protection ability. The addition of LE powder into the bio-composite
film can improve the UV protection due to the LE particles were distributed in the
matrix act as the UV protection barrier. Because the LE powder has the UV
absorption compounds as chlorophyll A and chlorophyll B. Which the chlorophyll A
can highly absorb UV-light ability in regions 450 and 680 nm. The chlorophyll B has
the highest absorb UV-light ability in wavelength 480 nm. (55, 61) Moreover, the LE
powder also has the aromatic compound that can greatly absorb the UV-light consist
of phenols, flavonoids, and alkaloids. (52, 62, 63) So, the addition of LE powder was
improved to reduce the UV-light transmit through the bio-composite film to the soil.

In the summary, the bio-composite film incorporated with LE powder
can absorb UV-light more than 95%. The LE powder act as the barrier to prevent the
UV-light, which the bio-composite film with less content of LE powder has
translucent. The increasing of LE powder causing the bio-composite film to come to
the non-translucent film. The bio-composite film in this work was applied to produce
the mulch film. So, using the bio-composite film to cover the soil causing reduce the
grass and weed growth in the plot. The grass and weed growth depend on UV-light
for photosynthesis which photosynthesis by UV-visible light. (60) When using the
bio-composite film to cover the soil that affects reduces the UV-light transmit through
to the grass and weed in the soil because of prevention the growth of grass and weed
in the plot. This is an advantage to avoid herbicides to remove grass and weed and

reduce the toxic chemical release to the environment.
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Table 24 %UV-transmittance of the neat PLA film, the bio-polymer blend film,

and the bio-composite film

%UV-transmittance

Samples at 315 nm at 400 nm at 700 nm
(UV-B) (UV-A) (Visible region)

Neat PLA film 81.00 £ 1.00 85.33 £ 0.58 90.00 + 0.00
L90 B10 70.00 £ 2.65 79.33 £ 2.08 88.33+1.15
B10 LE2.5 13.67 +1.15 17.33 + 0.58 23.33 £ 0.58
B10 LE5.0 4.00 £ 0.00 4.67 +0.58 8.00 £ 0.00
B10 _LE7.5 2.33+0.58 3.33+0.58 6.00 = 0.00
B10_LE10.0 1.00 £ 0.00 1.00 £ 0.00 3.00 + 0.00

Thermal properties of bio-composite film

Differential scanning calorimeter (DSC) was used to determine the thermal
properties of the neat PLA film, the bio-polymer blend film, and the bio-composite
film. The data from the DSC thermogram was reported with the second heating
consists of glass temperature (Tg), the cold crystallization temperature (Tcc),
crystalline melting temperature (Tm), enthalpy of melting (AHm), and the degree of
crystallinity (%Xc). The miscibility of the bio-composite film when adding PBS
content and LE powder was studied.

Table 25 shows the data from the DSC thermogram of the neat PLA film,
the bio-polymer blend film, and the bio-composite film. T4 of the neat PLA film was
presented 57.04 °C, while the neat PBS film was not found Tg. The addition of PBS
content causing T4 of the bio-polymer blend film has changed to a lower temperature
which appears at 48.07 °C. Tq4 of the bio-composite film incorporated with various
content of LE powder were shifted to a lower temperature with the greater content of
LE powder. At the lowest content of LE powder was found that Ty peak of the bio-
polymer blend film shows was slightly shift from 48.07 °C to 47.28 °C. The
increasing to highest content of LE powder affects to T4 was shifted to a lower

temperature to 43.36 °C that shown in the DSC thermogram in Figure 54.
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Tec of the neat PLA was detected at 103.18 °C, while in PBS is not found
the T¢c peak. The bio-polymer blend film shows T peak that was shifted to a lower
temperature and appears around 92.34 °C. The addition of LE powder into the bio-
composite film affects Tcc was appeared faster than the neat PLA film and bio-
polymer blend film. T onset of the bio-composite film was started at 91.50 °C with
2.5%w/w of LE powder. The increasing content of LE powder to 10%w/w influences
Tec has a shift to lower temperature more than the less content of LE powder. Tcc of
B10_LE10.0 is detected at 87.23 °C. The effect of addition of PBS content and LE
powder on T were shifted to the lower temperature that acts as nucleating agent.(65,
70)

Tm of the neat PLA film was promoted around 142.82 °C. Trm peak of the
neat PLA film. T, of PBS shows 72.84 °C. The addition of PBS causing Tm peak of
the bio-polymer blend film has a double peak. It was found Tm peak has
approximately 141.78 °C. All of bio-composite film has Tm ranges on 141-144 °C.
The addition of LE powder affects Tm of the bio-composite film has two distinct
peaks. The melting temperature of the bio-composite film has two distinct peaks that
cause from the immiscibility of LE powder and polymer chain, which relates to the
SEM image of the bio-composite compound and the bio-composite film show the
immiscibility morphology. AHm of the bio-composite film has value more than the
neat PLA film and the bio-polymer blend film. Which influences %crystallinity
(%Xc) of the bio-composite film.

%Crystallinity (%Xc) of the neat PLA film, neat PBS film, bio-polymer
blend film, and bio-composite film were shown in Table 25. The neat PLA film has
22.95% and the bio-polymer blend film has %X more than the neat PLA film. The
addition of LE powder causing %X. was increased but %X, of bio-composite films
are not different when increasing LE powder. The addition of LE powder affects to a
slightly increasing of %X that can also discuss the LE powder is probably the
nucleating agent. (70, 71) The results relate to XRD of the bio-composite film as the
increasing of LE powder affects the bio-composite film promoted the decreased

intensity of the amorphous peak.
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Figure 54 DSC thermograms of the neat PLA film, the bio-polymer blend film,
and the bio-composite film in second heating
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Table 25 Data of DSC analysis of the neat PLA film, the bio-polymer blend film,

and the bio-composite film

Sample 2" heat
To Tec Tm AHm %oXc
Neat PLA 57.04 103.18 142.82 21.34 22.95
PBS N/A N/A 72.84 21.11 10.05
L90 B10 48.07 92.34 141.78 27.09 32.37
B10 LE2.5 47.28 91.50 144.28 29.72 36.52
B10_LE5.0 46.01 89.68 143.58 30.87 39.05
B10 LE7.5 44.22 88.13 142.40 30.83 40.18
B10 LE10.0 43.46 87.23 141.77 31.36 42.15

The biodegradability of the bio-composite film

The neat PLA film, the bio-polymer blend film, and the bio-composite film
were to assay the biodegradability via embed the specimen in the soil for 2 months,
which the report was present %weight loss every month. The effect of PBS content
and LE powder in the bio-composite film on the decomposition was investigated.

The film samples before putting in the soil and the specimen recovering
after embedding in the soil for 1 and 2 months were exported in Table 26. The whole
specimen recovering also were remains the appearance, non-cracking. The trend of
%weight loss was represented in Figure 55. Which the measurement of weight loss of
the whole specimen was found the neat PLA film has the lowest of weight loss.
%Weight loss of the neat PLA film was a slight loss of just 0.21% in 2 months. While
in the neat PBS has high %weight loss around of 31.25%. The addition of PBS
content affects %weight loss of the bio-polymer blend film loss to 0.46% in 2 months.
The addition of LE powder into the bio-composite film affects the bio-composite film
has more degradation. %Weight loss of the bio-composite film promising increase
with the greater content of LE powder. The highest %weight loss is the bio-composite

film with 10%w/w of LE powder which can degrade to 2.50% for 2 months.
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The observation in the SEM image promoted the bio-composite film with
the LE powder that has miscibility. LE particles were distributed, imbed, and reduce
the continuous phase because of reducing the strength of the specimen. So, the
specimen were tested the biodegradability by burying in the soil causing moisture and
microorganism can be easily to cut the polymer chain. Because PLA can decompose
by hydrolysis process which includes the moisture, microorganism, and content of
oxygen was influenced the degradation of PLA. Then decomposition, PLA will
degrade to water, carbon dioxide, and another compound with non-toxic chemicals.
(33) Moreover, PBS is a biodegradation polymer that can degradation by
fragmentation. The addition of PBS into the bio-composite film causing an increase in
the hydrophilic part in the bio-composite film. (72) Thus, PBS can improve
degradation of the bio-composite films. Furthermore, the addition of LE powder thus
helps to cut the polymer chain as preliminary. Due to increasing of the LE powder has

increased %weight loss of the bio-composite film.
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Table 26 The bio-composite film sample recovered after biodegradable in soil

Biodegradation times (months)
Sample

Start 1 2

Neat PLA film

Neat PBS film

L90_B10

B10_LE2.5

B10_LE5.0

B10_LE7.5
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Table 26 (Cont.)

Biodegradation times (months)
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Figure 55 Biodegradability of the neat PLA film, the bio-polymer blend film, and

the bio-composite film

Field test of the bio-composite film

Field testing is a model with the real conditions for using the mulch film.
Lead the neat PLA film, the bio-polymer blend film, and the bio-composite film were
to cover the soil during the environment. The whole specimen was to cover on the soil
for 2 months which follow with the cultivation time. Physical properties (color
parameter and UV transmittance) and the mechanical properties by tensile testing
were discussed.

Figure 56 presents the color parameter (L*, a*, and b*) of the neat PLA
film, the bio-polymer blend film, and the bio-composite film after field test by the
cover on the soil. The result shows all the film were changed to be lightness by
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increasing in L* value. The values of a* and b* were decreased to a low value when
time passed. Because AE was changed to low value, which the color of film was
become pale. Thus, It has the color nearly with the neat PLA film, which can see the
color change of the film specimen after field test in Table 27.

The color parameter and tone of the neat PLA film and the bio-polymer
blend film have remained the value and shade non-different from the specimen before
the field test. However, bio-composite film was increasing in lightness and become
pale when covering the soil for a long time. The bio-composite film has changed the
tone of color may be from the LE powder. The chlorophyll is the pigment in the
lemongrass leaf. This compound can react with oxygen and moisture in the air. When
the color compound reacts with oxygen and moisture then maybe changes the
structure and causing the color of the compound was changed which, affects the bio-
composite film thus has a different color shade. (73) Moreover, the chlorophyll can be
degraded by the light which the compound can absorb the light and over absorption
become unstable compound because of chlorophyll gradually to fade come to
colorless. (74) The field test was examined under the environment and undergoes
sunlight. By the reason of the bio-composite film has an easier chance to pale with the
time pass, which the color tone of the bio-composite film has fade may affect the UV-

light transmittance.



Table 27 The different color of the film after field test
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AE after field test

Samples
Start 1 months 2 months
Neat PLA film
Ref. 1.24 1.32
L90 B10 = . l |I|I.
1.20 0.77 1.11
B10_LE2.5 . |
9.73 4.37 2.84
B10_LES5.0 . ‘ .
17.13 9.55 6.65
P
B10 LE7.5 . i 4
20.48 10.56 5.80
B10_LE10.0 . ‘
22.29

13.25
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Figure 56 The color parameter (a) L*, (b) a*, and (c) b* values of the film after

field test
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The shade of color has chance to pale of the bio-composite film and slightly
affect the UV-light transmission. Figure 57 exhibited the %UV transmittance (%T) of
the whole sample after field test. The neat PLA film also has the highest UV-light
transmittance. Which the bio-polymer blend film has %T value similar to the neat
PLA film. After 2 months, %UV transmittance was decreased due to PLA and PBS
can be degraded by photodegradation. While in degradation step, UV radiation reacts
within the PLA and PBS polymer chain causing the chemical structure are changed
that affects to the polymer chain can be absorbed UV radiation. (35) The bio-
composite film also good absorb the UV-light which has the low of %T. The bio-
composite film with LE powder also has a good protect the UV-light which the time
pass was found %T has value nearly with the film before the field test. Bio-composite
film with the highest content of LE powder can absorb the UV-light to more than 90%
and the UV-light can transmit through the film around 1-2%.

The %UV-transmittance result of the bio-composite film after field test can
explain the addition of the LE powder was reduce the UV-light transmit throughout
the bio-composite film. Adding LE powder into the bio-composite film was observed.
It was found the LE powder act as a light barrier that can protect the UV-light
transmittance. Moreover, the increasing time to field test has hardly effects on the
UV-light transmittance. The bio-composite film also has the protect UV-light
performance which whole bio-composite film with LE powder has quite a less
difference of %UV-transmittance when compare with the start field test was observed

in Figure 57.
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The mechanical properties of the neat PLA film, the bio-polymer blend
film, and the bio-composite film after field test in 1 and 2 months was reported in
Figure 57 -59. The tensile strength at break of the neat PLA film and the bio-polymer
blend film has promising decreased when increasing the time for the field test. While
the bio-composite film after field test has the promising to decrease value. However,
the value of all the bio-composite films has not quite a different value when compared
to before testing. The time pass was found the tendency of %elongation at break of
the neat PLA film and the bio-polymer blend film was decreased. While the bio-
composite film also has a slight decrease but the value not different from the sample
before testing. That may conclude the LE powder act as UV protection. Moreover, the
LE powder helps to improve the stability of the bio-composite film. Trend of the
tensile strength and %elongation was slightly decreasing and have affected the
modulus at break of the whole film when increased. Thus, when time passed causing
the film to come to the hard and brittle properties and easier to crack. This result was
related to the properties of the main matrix as PLA has hard and brittle properties. (7)
The addition of PBS content may improve the mechanical properties of the bio-
composite film causing the bio-composite film also to have stretching and flexibility.
In conclude, increasing the time of testing has the chance affect the mechanical

properties of the bio-composite film was promising to decrease.
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The mechanical properties of all film after field test in transverse

direction as (a) Tensile strength at break, (b) %elongation at break,
and (c¢) Modulus at break



CHAPTER V

CONCLUSIONS

Conclusions

This research has been interested in preparing and characterization the muich
film from the bio-composite film based on bio-polymer blend incorporated with the
natural fillers. The purpose was to study the effect of natural filler on the physical
properties, mechanical properties, thermal properties, biodegradability. The bio-
polymer blend used in this work consists of poly(lactic acid); PLA and polybutylene
succinate; PBS. The natural fillers were used in this research including ginger that can
be separate into 2 stages are early immature ginger (EG) and mature ginger (MG) and
another one is lemongrass leaf (LE). The first part was to study and choose the natural
filler for appropriate condition to improve the properties of the bio-composite film.
Then was to improve the flexibility of the bio-composite film by adding content of
PBS. The lase part was to produce and develop the mulch film by produce by
choosing the suitable ratio of the bio-polymer blend between PLA and PBS. Which
the suitable ratio of bio-polymer blend was incorporated with various content LE
powder as 0, 2.5, 5.0, 7.5, and 10.0%w/w, respectively. The mulch film manufactory
was prepared in 2 steps, first using a twin-screw extruder were compounding and
blow film by a blow film extruder. The film was blown with 70-80 micron as
thickness and width with 16-17 cm.

The whole natural fillers have a size distribution with a diameter of
approximately 10-45 microns. EG and MG have rather smooth surfaces and non-pore
on the surface. The EG and MG particles had attributed to flake and an almost flat
circle. LE particle has a rough surface and the shape of particle rather various shape.
Which the LE particles had flake, rod shape, an irregular shape. The bio-composite
film from the first part was found the bio-composite film incorporated with EG and
MG powder had a rougher surface. Due to the EG and MG particles had poor
distribution and easier to agglomerate in the bio-composite film. While the LE
powder had good distributed in the polymer matrix. The addition of natural fillers

affected the mechanical properties that had promising to decrease. The whole bio-
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composite film incorporated with each natural filler had a similar trend. The addition
of natural fillers can improve the colorlessness of the neat PLA film. The bio-
composite film with EG and MG powder had a yellow-brown shade. When
incorporated with LE powder was appeared a green-yellow shade. The color of bio-
composite film can be improved the UV transmission because the chemical
compound of the natural fillers can absorb the UV-light. Which the ginger has
curcumin as pigment and the lemongrass leaf has chlorophyll as the pigment. The bio-
composite film with LE powder has the highest absorb the UV-light more than 90%.
Due to prevention of grass and weed growth in the plot when cover by the bio-
composite film. Moreover, the addition of natural fillers can improve the
biodegradability of the bio-composite film, which the bio-composite film was
fragmentation and after 9 months the bio-composite film had fast degradation.

The flexibility improvement by adding content of PBS. The addition of PBS
was various on 10 and 20%w/w. The morphology of the bio-composite film with
10%w/w of PBS (L90_B10) had smooth surface more than adding to 20%w/w. The
addition of PBS had an influence on to increase of the amorphous regions in the bio-
polymer blend film. The mechanical properties were found the addition content of
PBS at 10%w/w can improve the flexibility of the PLA. The addition of 10%w/w of
PBS causing increased %elongation at break from 11-12% to 39%. But adding more
content of PBS causing %elongation at break was reducing. The miscibility of the
bio-polymer blend film can be considered from the SEM images and the thermal
properties. Adding content PBS more than 10%w/w was found Tg and Tm was the
obvious separate peak. Moreover, the film appearance of the L80_B20 had a slightly
wrinkle. So, the additional content of PBS at 10%w/w can be improved the flexibility
of the PLA. Which the bio-polymer blend film with 10%w/w of PBS has miscibility.
While adding more than 10%w/w of PBS influence the bio-polymer blend film comes
to the immiscibility. The flexibility improvement by adding content of PBS. The
addition of PBS was various on 10 and 20%w/w. The morphology of the bio-
composite film with 10%w/w of PBS (L90_B10) had a smooth surface more than
adding to 20%w/w. The addition of PBS had an influence on to increase of the
amorphous regions in the bio-polymer blend film. The mechanical properties were
found the addition content of PBS at 10%w/w can improve the flexibility of the PLA.
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The addition of 10%w/w of PBS causing increased %elongation at break from 11-
12% to 39%. But adding more content of PBS causing %elongation at break was
reduced. The miscibility of the bio-polymer blend film can consider from the SEM
images and the thermal properties. Adding content PBS more than 10%w/w was
found Tg and Tm was the obvious separate peak. Moreover, the film appearance of
the L80_B20 has a slight wrinkle. So, the additional content of PBS at 10%w/w can
improve the flexibility of the PLA. Which the bio-polymer blend film with 10%w/w
of PBS has miscibility. While adding more than 10%w/w of PBS influence the bio-
polymer blend film comes to the immiscibility. So, from this part was choose the
appropriate ratio between PLA and PBS as 90:10. To develop the bio-composite film
incorporated with LE powder for applied to produce the mulch film.

The last part was to produce and develop the bio-composite film for using as
the mulch film to preventing weed growth. The morphology of the bio-composite film
with LE powder had a rough surface and more roughness when increasing the LE
powder. The addition of LE powder causing the bio-composite film has amorphous.
Adding LE powder to the bio-composite film cause the increasing of crystallinity due
to the LE powder help to generate the crystalline of PLA that acts as the nucleating
agent. However, the increase of crystalline in the bio-composite film had not
increased the mechanical properties. The addition of LE powder to the bio-polymer
blend film causing to reduce the mechanical properties. On another hand, the addition
of natural fillers can improve the color of the bio-polymer blend film. The bio-
composite film had a green-yellow tone. The LE powder can reduce UV-light
transmission through the bio-composite film which the UV-light can transit through
the bio-composite film just 1-3%. When using the bio-composite film cover on the
soil, it can reduce the UV-light transmit to the soil. This was a good performance to
protect the damage of the root plant. Moreover, the less %UV-light transmittance to
the soil can prevent weed growth. Because the weed must use the UV-light for
photosynthesis. When the weed carried the less UV-light causing it cannot grow. The
field test was found the sunlight affect the color shade of the bio-composite film was
pale. Because the chlorophyll can degrade by the sunlight. The pale of the bio-
composite film has hardly affected the UV protection performance. The bio-
composite film after the field test in 2 months also has a UV-transmission
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performance not different from the bio-composite film before testing. The mechanical
properties of the bio-composite film also had not different value when compared with
the value before testing. The addition of LE powder had a slightly increase in the
water vapor transmittance rate (WVTR). But the bio-composite film can remain to
keep the moisture. Thus, covering the soil with the bio-composite film with LE
powder can also keep the moisture in the soil.

Therefore, the addition of the LE powder as natural filler and pigment to the
bio-composite film. It can improve the colorlessness of the bio-polymer blend film.
LE particle was distributed in the bio-composite film act as the barrier for protecting
the UV-light. Moreover, the production and development of the bio-composite film to
produce the mulch film that can produce by plant machine are a twin-screw extruder
and the blow film extruder. This method can be easier to up-scale for the
manufactory. The bio-composite film incorporated with LE powder can protect weed
growth, keep the moisture in the soil, non-release the toxic chemical, and can be
biodegraded in the environment caused to reduce the herbicide. Especially, the
choosing of the lemongrass leaf powder as natural filler that is the Thai herbal, which
can be increasing the value of the local plant. It can make revenue to agriculturists,

communities, and the economy in countries.

Suggestion

1.The bio-composite films in this study can be improved mechanical
properties for packaging application. The natural filler should be a treatment to
remove the hemicellulose, lignin, and other substance. The treatment of natural filler
probably was increased the good interaction between natural filler and the matrix that
affects to good mechanical properties of the product.

2. For the field test should be increasing the time for testing. Because some

plants need to cover the soil for more than 2 months.
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