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Abstract

Hydrogen production from low price materials at moderated temperature should be
developed for sustainable commercial production. The aluminium and water reaction at low
temperature is very attractive because it can generate hydrogen without a reactor operating
at high temperature and pressure required. The hydrogen production process by hydrolysis
reactions of aluminium with NaOH in different types of water was studied. It was aimed
at better understanding on how the Cl ions in different types of water affect the hydrolysis
at the different reactions for the hydrogen production. It was observed that the ionic strength
of the solutions strongly increased with the Cl ions and aluminium mass added. However,
simultaneous effect resulted in the coefficient of lower hydroxide ions (OH-) activities.
The activities of the hydroxide ions at the employed conditions of the reactions were
calculated using Aspen Plus™. NaOH additives dissolved in water, produced hydroxyl ions
and consequently promoted the hydrolysis reactions between aluminium and water.
The maximum hydrogen generated was 583 ml as obtained from the reaction of 1 g aluminium

in 30 ml distilled water for 30 min.

Keywords: Hydrogen; Chloride Ions; Aluminum

! Faculty of Engineering at Kamphaengsaen, Kasetsart University, Kamphaengsaen Campus,
Nakornpathom
* Corresponding Author E - mail Address: fengwth@ku.ac.th

https://www.tci-thaijo.org/index.php/rmutijo/index



2 Hydrogen Production from Aluminium-Water Reactions: Thermodynamic Properties Analysis

Introduction

With the reduction of global crude stockpiles and the results from global warming, current
research has developed new alternative fuels to replace crude oil. Hydrogen is a source of
pollution-free energy. It is an alternative of sustainable energy that can be applied to the
traditional energy use. Most of the hydrogen productions are, nowadays, done via hydrocarbon
steam reforming where methane from natural gas is heated with steam to produce a mixture
of carbon monoxide and hydrogen. As a result, the methane reforming process results in
carbon dioxide emissions. Therefore, the development of hydrogen processes from non-raw
materials at moderated temperature should be developed for the sustainable commercial
production. The hydrolysis of aluminium and water at low temperature reaction is very
attractive because it can generate hydrogen without a reactor operating at high temperature
and pressure required [1]. Typically, studies of the aluminium water reaction in experimental
systems have been conducted under atmospheric pressure and at the temperature below the
boiling point of water [1]. Aluminium and its alloys are considered as suitable metals for
the hydrogen production in the future and are likely to be used as alternative energy sources,
especially in form of materials. Aluminium is also a superior material for the future
hydrogen production [2] since it is abundant in earth with low density, low price and high
capacity and excellent reactivity to water. Accordingly, metal utilization has been identified
as an effective, easy, and safe way for the hydrogen production and energy storage.

Several studies on the hydrolysis reaction in neutral water as medium for the
hydrogen production from aluminium showed that water quality affected the hydrogen
production through the hydrolysis reactions of aluminium powder in water at ambient
temperature [3] - [4]. Elitzur, S., Rosenband, V., and Gany, A. [5] studied on the production
and storage of hydrogen from aluminium and water reactions to investigate the effects of
aluminium on water and hydrogen. The variables used in the experiment were mass ratio
of water to aluminium, water temperature and particle size of aluminium. The aluminium
used was that with lithium (2.5 wt%) to catalyze the reaction. The results of the experiment
were that the lower of water-to-aluminium ratio, the faster the reaction; that from the water
temperature was the higher of water temperature; the shorter of the reaction and that
from the particle size was the bigger of the particle size; the shorter of the reaction.
Rosenband, V. and Gany, A. [6] developed an application of activated aluminium powder
for the generation of hydrogen from water to compare the metal alloys that react to water
to give a high hydrogen production rate. The experiment was performed under constant
and varied temperature conditions. They also experimented with aluminium alloys with
other metals such as sodium hydroxide, cobalt oxide and molybdenum oxide, etc., and

Benya Kasantikul and Wijittra Poomsawat
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the results showed that the aluminium mixed with lithium gave a greater amount of
hydrogen than that with other metals. Macanas, J., Soler, L., Candela, A. M., Mufioz, M.,
and Casado, J. [7] examined the hydrogen production from aluminium corrosion using
diverse alkaline solutions. The results confirmed that hydrogen production in water was
enhanced by aluminium corrosion. Aluminium corrosion greatly depended on the nature of
the dissolved species and pH of the solution.

Thus, better understanding on how the Cl ions affect the hydrolysis reaction at the
different types of water reactions for the hydrogen production is required. The objective of
this study is to investigate the characteristics of the interaction between water and aluminium
powder in different types of water containing different chloride ions. In order to achieve this
objective, as follows are to be observed: First, the hydrogen production from aluminium
without NaOH in hydrolysis reaction medium for different types of water including pure
water, tap water and sea water and the three different ions conditions containing no Cl ion,
Cl ions in the tap water and the sea water (containing Cl ions and Na ions) which are
considered as similar mass ratios of water to aluminium powder. Next, in order to verify
if the observed trends are specifically for the CI ion effects or not, the experiments are
conducted with varied amounts of aluminium powder and NaOH at similar Cl ion condition
and aluminium/water mass ratio that are 30, 50, and 100 mL. For all these reactions,
the experiments have to be determined at room temperature and atmospheric pressure with

the reaction time of 30 min.

Materials and Methods

1. Materials
Tap water with pH = 6.3 - 7.5 and distilled water with pH = 6.5 - 7 were used
in this study. Moreover, the sea water collected from Hua Hin beach in Prachuap Khiri
Khan province (Thailand) in March 2016, Metallic aluminium powders (Gammaco
(Thailand) Co., Ltd) with 99.7% purity and each particle of 45 um, and NaOH pellets
(Gammaco (Thailand) Co., Ltd) with 98.0% purity were also used for all the experiments.
2. Methods
The hydrolysis reactions of aluminium powder with different chloride ion
concentrations in the tap water, the distilled water and the sea water were carried out.
Batch-type experiments were performed in a glass reactor, see also Figure 1. Each mass of
all the individual aluminium in gram was 0.19, 0.38, 0.57, 0.76, and 0.95 in all experiments,
respectively. Moreover, 0.1 g of NaOH was added as the promoter. An overview of all
the experiments is presented in Table 1. First, different masses of aluminium powder with

https://www.tci-thaijo.org/index.php/rmutijo/index



4 Hydrogen Production from Aluminium-Water Reactions: Thermodynamic Properties Analysis

0.1 g of NaOH were placed in the reactor, followed by adding amounts of the tap water,
the distilled water and sea water of 30, 50, and 100 mL for each experiment respectively
and mixed. Then the hydrolysis reaction was started. The hydrogen was produced by the
aluminium and water hydrolysis reactions and discharged water from a second glass cylinder
into a beaker was placed on an electronic balance as presented in Figure 1. Due to the fact
that hydrogen has low solubility in water, the volume of hydrogen evolved in the aluminium
and water reactions could be measured by the displaced masses of water. For all these
reactions, the experiments were determined at room temperature and atmospheric pressure

with the reaction time of 30 min as described in previous section.

3. Beaker

|

4. Electronic balance

2. Glass cylinder 1. Glass reactor

Figure 1 Schematic of the experimental set-up for the hydrogen production from the

hydrolysis reactions of Aluminium based compositions (adopted from [6])

Results and Discussion

1. The electrical conductivity and ionic strength

The major ions for the sea water and the tap water are defined as those ions that
have a significant contribution in tap water that is Cl and Na with CI in sea water,
respectively. The concentrations of these major ions for these two hydrolysis solutions
were measured by ICP-OES which are presented in Table 1. The results show that the total
amounts of major ions were significantly higher in the sea water. Next, electrical conductivity
(EC) was measured. These values can be used as indicators for the conduction of current
of total dissolved solids in the hydrolysis solutions which are primarily dependent on the
concentrations of ionic species. An electrical conductivity meter (EC meter) was used to
measure the electrical conductivity in these three solutions. The results showed that Na
and Cl ions in the sea water significantly contributed to the electrical conductivity (Table 1).

Due to the fact that total electrolyte concentration in solution affects the

dissociation constant of different ions as observed in previous studies [8]. The ionic strengths (I)

Benya Kasantikul and Wijittra Poomsawat
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of the three hydrolysis conditions were therefore calculated following the equation (1):

I3 )
I==—>» mz 1
ZZ (1)
where 7 is the number of ions, m is the molality (mol/kg) of the ion i and z is the charge (-) of ion i
The calculated values are presented in Table 1. It is observed that the ionic strengths

of the sea water that are significantly higher than those of the tap water and distilled water.

Table 1  Ionic strength (I) and electrical conductivity in deionized water, tap water and

sea water
Electrical Conductivity Ions (g/kg)
Water Types I (mol/kg)
(mS/cm) Cl- Na*
Distilled water - 0.3 - -
Tap water 0.005 2.4 0.35 -
Sea water 0.571 429 19.6 12.71

2. Chloride ion on hydrogen production

Based on the data obtained in Figure 2 and Table 2, the reaction using the distilled
water with additional of NaOH to aluminium powder at room temperature shows the maximum
hydrogen production and therefore results in the maximum hydrogen production yield (hydrogen
production per 1 g aluminium).

Again, the maximum amount of hydrogen generated in the distilled water is the highest
among others. Using the tap water as a hydrolysis reaction medium produces slightly lower
amount as compared to that using the distilled water. These observed trend results are in line with
those previously reported [9] - [10]. They are probably due to the fact that there is no chloride
ion content in the distilled water whereas chloride ions are present in the tap water and the
sea water. Fontana and Stachle reported that the chlorination process to treat the tap water for
the control of microbes, its taste and odor will cause significant loss in aluminium and the
formation of aluminium chloride [11] which indirectly slows down the hydrolysis reaction [9].
Therefore, the hydrogen production using the tap water and the sea water as reaction media
is found to be the minimum.

Chloride ions show significant decreased in the hydrogen production by the hydrolyses
of aluminium- based compositions. Two possible explanations are that the reduced activity of
water at higher ions concentrations of the sea water decreased the available free water needed for
the aluminium hydrolyses and that, as a result, the higher Cl ions concentrations would inhibit the
hydrogen liberation.

https://www.tci-thaijo.org/index.php/rmutijo/index
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Figure 2 Effects of mass ratios of water to aluminium with 0.1 g NaOH on hydrogen

generation from aluminium-based composition at different conditions
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8 Hydrogen Production from Aluminium-Water Reactions: Thermodynamic Properties Analysis

It is clear that aluminium exhibits the highest reactivity in the distilled water.
However, the mass ratios of water to aluminium showed minor effects on the hydrogen
production. The results show that the hydrogen generated in the distilled water, the tap water
and the sea water at the difference amounts exhibited similar results. The maximum hydrogen
generated is 583 ml as obtained from the reaction of 1-g aluminium in the 30-ml distilled
water after reaction for 30 min. It is confirmed that the water quality significantly affects the
hydrogen production from aluminium hydrolysis reaction.

In addition, the experimental results show that at the higher amount of aluminium
to water, the hydrogen production increased This is because of the very low ratio of water
to aluminium where most of the water molecules are adsorbed and thus no molecules
remain to assist the water dissociation and too much water led to surface saturation without

any space for hydrogen to form the cluster [12].

3. Thermodynamic properties: Hydroxide ions activity

The coefficients of the hydroxide ions activity at the employed reaction conditions
have been calculated using the electrolyte Non-Random Two-Liquid (eNRTL) model in the
Aspen Plus™ software which was used to analyze the activity coefficients of electrolyte
a mixed solvent [13] - [14]. Chen, C.-C., Britt, H. 1., Boston, J. 1., and Evans, L. B. was
originally proposed the Electrolyte NRTL model for aqueous electrolyte systems [15]. It was
later extended to mixed solvent electrolyte systems. The expression for the activity
coefficient can be derived for the local interactions as including the Pitzer-Debije-Hiickel
and the Born equation for the excess Gibbs energy. The Pitzer-Debije-Hiickel formula
is used to represent the long-range interaction contribution. The Born equation is used to
account for the Gibbs energy of transfer of ionic species from the infinite dilution state in
a mixed-solvent to the infinite dilution state in aqueous phase [16].

The results show that Cl ions in tap water and Na with Cl ions in the sea water
significantly contributed to the ionic strength and decrease the coefficients of the hydroxide
ions activity as presented in Figure 3. As results shown in the Figure 3, it shows the decreasing
of ionic strength when increasing of the coefficients of the hydroxide ions activity as an
exponential relationship. This means that, by introducing ions in the reaction mixtures,
the hydroxide activity coefficients of the mixed solvent are significantly decreased and
are also presents in Figure 3. Thus, the hydroxide ions activity is mainly influenced by the

presence of the individual ions.

Benya Kasantikul and Wijittra Poomsawat
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Figure 3 Effects of ions on the coefficients of the hydroxide ions activity

4. Hydrogen conversion efficiency
The coefficients of the hydroxide ions activity at the employed reaction conditions
have been calculated using the electrolyte Non-Random Two-Liquid (eNRTL) model in
the Aspen Plus™ software which is used to analyze the activity coefficients of electrolyte
a mixed solvent [13] - [14]. Basically, the aluminium hydrolysis reaction related to the

hydrogen yields can be expressed as follows equation (2):
2Al+6H,0 +2NaOH — 2NaA1(OH4)+ 3H, . 2)

The hydrogen conversion efficiency of aluminium based composition was

calculated as follows equation (3):

Y

E= x
(w/mw)x1.5%24.45

100, 3)

where E is the conversion efficiency of hydrolysis reaction (%); Y is the actual hydrogen
yields (unit-L); w is the mass fraction of aluminium in composites (%wt); mw is the molecular
weight of aluminium (26.982 g/mol) and 24.45 (unit-L) is the standard volume of 1 mol
hydrogen gas at 25 °C and 1 atm.

The results of the coefficients of the hydroxide ions activity on hydrogen conversion
efficiency are presented in Figure 4. It is observed that the ionic strength of the solutions
strongly increases along with the Cl ions and aluminium mass added, as expected. However,
the results also show that the increase in the ionic strength simultaneously effects results in
the coefficients of the lower hydroxide ions (OH-) activity (Figure 3). This is probably
because the increase ionic strength results in the decrease coefficients of the ion activity
(only the hydroxyl ions activity coefficient is shown). As a result, the activity of the hydroxyl
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10 Hydrogen Production from Aluminium-Water Reactions: Thermodynamic Properties Analysis

ions is lower and, therefore, decreases the catalytic effect of the NaOH. These corresponding
results are according to the literature [6], [17] - [18] as evidenced that it is able to produce
hydrogen gas from aluminium corrosion reaction with regeneration of hydroxyl ions.

In general, the hydrogen production efficiency is higher when the higher
concentration of NaOH is employed. The hydroxyl ions seem acting as the catalyst for the
hydrolysis of aluminium and promoting the hydrogen generation [19] as presented in
Figure 4. This is probably because at higher NaOH concentration, there are more hydroxide
ions in the solutions to dissolve the alumina film [20] - [21]. Therefore, the hydroxide ions
reduce the protective oxide layer on the aluminium surface in an alkaline solutions. As the
results, aluminium are readily dissolved in the alkaline solutions even at room temperature
[22]. Thus, more NaOH additives in aluminium mixture will lead to the formation of higher
amount of hydroxyl ions, consequently promote more hydrogen production (Table 2).
These results are in line with the literature [23]
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Figure 4 Effects of the coefficients of the hydroxide ions activity on hydrogen conversion

efficiency
Conclusion

The hydrogen production process by hydrolysis reactions of aluminium with NaOH in
different reaction was studied. Effects of the different Cl ions on the hydrogen production
in different types of water were analyzed. It was expected to obtain the more understanding
regarding how the Cl ions in different types of water affect the hydrolysis reaction at the
different reactions for hydrogen production. The hydroxide ions activity at the employed
reaction condition was calculated using the electrolyte Non-Random Two- Liquid (eNRTL)
model in the Aspen Plus™ . It was observed that the ionic strength of the solutions strongly

increase with the Cl ions and aluminium mass added. However, the simultaneous effect
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results in the coefficients of the lower hydroxide ions (OH-) activity. This study demonstrates

that the Cl ions in different types of water reduce the hydroxide ions (OH-) activity.

However, the hydroxide ions enhance the production of hydrogen from the aluminium

powder in water at room temperature. NaOH additives dissolves in water and produces

hydroxyl ions and consequently promotes the hydrolysis reaction of aluminium and water.

The efficiency of the hydrogen production is higher when the higher hydroxide ion is employed.
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Abstract

Sakon Nakhon is a city-municipality in Thailand whose infrastructure such as highways and
buildings have been rapidly developing. Consequently, large amounts of construction materials
such as crushed rock, sand, and laterite are being used in many construction projects.
Chiang Khruea sub-district contains the main laterite quarries supplying construction sites
in Sakon Nakhon province; the extracted laterite from this area is in demand for highway
sub-base construction due to its good shear strength after compaction and its low price.
However, the properties of Chiang Khruea lateritic soil are not yet maximally used in other
civil engineering applications such as landfill liner, backfill material for retaining walls, and
as a base layer for paved roads because engineers do not extensively understand its physical
and engineering properties. Therefore, this study investigated and reported on the properties
of Chiang Khruea lateritic soil to identify possibilities for its applications in civil engineering.
The physical (i.e., specific gravity of soil, Atterberg limits, Los Angeles (L.A.) abrasion) and
engineering properties (i.e., compacted soil density, California Bearing Ratio, shear strength
parameters, permeability (k) and modulus of subgrade reaction) of Chiang Khruea lateritic
soil were investigated through a series of laboratory and in-situ tests. The results reported

could be useful for engineers as a reference for sustainable design and construction.
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Introduction

Sakon Nakhon province is located in northeastern Thailand, and forms part of the Sakon
Nakhon Basin and the Phu Phan Range. Generally, infrastructure in this area has been
developing around Nong Han Lake, the biggest natural lake in northeastern Thailand with
an area of approximately 125.2 km? The lacustrine deposit surrounding Nong Han Lake
consists of very fine soil particles. On the flood plain around Nong Han Lake, the soil has
formed an alluvial deposit from 21 natural creeks before they discharge into this large lake.
The soil in the undulating terrain is formed from residual Chiang Khruea lateritic soil (CKLS)
through the decomposition of cretaceous sedimentary rocks such as shale or mudstone.
Generally, the soil in this area is usually used for pottery, with the province’s pottery village
located at Ban Chiang Khrua. Along the Phu-Phan Range, most of the rocks are from the
Cretaceous to the Jurassic eras, named Phu-Phan sandstone.

In August 2012, Sakon Nakhon became a city-municipality of Thailand, resulting
in the rapid development of many types of infrastructure, with large amounts of construction
material being utilized in many projects. Chiang Khruea is a sub-district of Sakon Nakhon
province which has a large laterite quarry that supplies many construction projects in this area.
Residual CKLS has decomposed from mudstone via leaching, with one possible leaching
mechanism being the advection of the freshwater (rain and groundwater). This soil is
loamy-skeletal with a reddish-brown color and is rich in iron oxide. Generally, the soil profiles
in this area are composed of topsoil with a thickness of about 0.2 to 0.5 m. Beyond this soil
layer is the laterite with large boulder particles and thick sheets of laterite. The soil conditions
in this area are not good for agriculture, but the lateritic soils are good for road construction
materials. For example, in 1964, the old Chiang Khruea airport was constructed into the
US army military base during the Vietnam War because of its firm lateritic soil foundation.
Then, 30 years later in 1994, this area was developed into a government university named
the Kasetsart University Chalermphrakiat Sakonnakhon Province campus (KU-CSC).
At present, the CKLS extracted from this area is generally used for road embankments, and
as subgrade and subbase due to its good shear strength compaction and low price. However,
it has been only limited to being used in road construction materials because its mechanical
behavior has not been well-understood.

Thus, this study aimed to investigate and report on the physical and engineering
properties of CKLS through a series of laboratory and in-situ tests. This study could provide
essential information on the properties of CKLS for use in designing and construction of

civil engineering projects.
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Materials

The soils used in the analyses were collected from different locations on KU-CSC as shown
in Figure 1. Test pit 1 (TP-1) was located at 17.287237 N, 104.106361 E, at a mean sea level
(MSL) of +168.00 m, and test pit 2 (TP-2) was located at 17.290853 N, 104.115049 E, at an
MSL of +166.70 m. Additionally, plate bearing tests were performed to evaluate the bearing

capacity of the soil foundation. The location of the in-situ test site is shown in Figure 1.

N
£ A
&=
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*'III
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Chiang Khruea \\fk .
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=] Test Pit -2 \
Plate Bearing Test § 7

Figure 1 Location map of soil sampling and plate bearing testing

Generally, the lateritic soils in the study area are residual soil decomposed from
mudstone; a typical soil profile is shown in Figure 2. The topsoil is -0.20 m in depth and has
a loose state with a high amount of organic matter. From a depth of -0.20 to -1.20 m,
the soil is lateritic with various sizes of soil particles up to 60 mm mixed with lateritic
boulders. Just below -1.20 m, the white soil layer is plinthite with a thickness of about 0.8 m,
being an iron-rich soil normally soft when wet but hardened when exposed to the air.
Beyond -2.00 m is mudstone and building foundation material is usually sourced from this
firm rock layer reaching to about -3.00 m below the ground level.

The lateritic soil was sampled using an earth auger from 0.3 to 0.5 m below the
ground level. The soil samples were air-dried at room temperature for 2 to 3 days and then

stored in plastic containers. The initial water content of the air-dried soil was about 2 - 5%.
Physical Properties Test

The physical properties of soil samples were analyzed using laboratory tests based on
ASTM standards. The specific gravity (G,) test was conducted following ASTM D854 [1].
Grain size distribution analysis was performed following ASTM D422 [2]. Atterberg limits
test was applied following ASTM D423 [3], with ASTM D424 [4] used for both liquid
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limit (w;) and plastic limit (w,) testing. Loss Angeles (L.A.) abrasion test was conducted
following ASTM C131 [5]. Each physical property test was repeated 3 times to calculate
the average data.

— +0.00 m

Top Soil
4 —-0.20m

Laterlitic Soil

SEAL 120m

Plinthite

—-2.00m

Mudstone

Figure 2 Typical soil profile in Chiang Khruea sub-district
Engineering Properties and In-Situ Test

The engineering properties of the lateritic soils from the two test pits (TP-1 and TP-2) were
evaluated through a series of laboratory tests as follows; standard and modified compaction
tests were conducted following ASTM D698 [6] and ASTM D1557 [7], respectively, and
California Bearing Ratio (CBR) test was performed following ASTM D1883 [8].
In accordance with the DH-S 208/2532 standard, CBR tests were only conducted under
soaked conditions. The specimens for CBR test were prepared at optimum water content
obtained from the test result of modified compaction test. According to the DH-S 109/2517
standard, the CBR tests were only conducted under a soaked condition. It is well known
that a soaked condition provides lower CBR values compared to that in unsoaked condition
and that soil with low CBR values is more reliable for usage in construction materials.

For shear strength parameters, CKLS was analyzed using a series of direct shear
tests following ASTM D3080 [9] (consolidated drained test, CD). The tested soil was passed
through a No. 4 sieve due to the limitation of the test apparatus. Each CKLS sample was
compacted into a shear box with dry density (,) and optimum water content (OWC)
obtained from the test results of standard compaction tests. Notably, only CKLS from TP-1
was investigated for soil shear strength.

The value of coefficient permeability (k) was calculated from the test results of multiple
stage loading (MSL) oedometer testing using the method of Taylor, D. [10]. The oedometer
tests were conducted following ASTM D2435 [11]. Studies in the literature have reported
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that for a low permeability material (less than 10 m/s), the value of & deduced from an
oedometer test result is comparable with direct measurement of &k [12] - [13]. The air-dried
CKLS was passed through a No. 40 sieve, then mixed with deionized water using a mechanical
mixer. The amount of water was about 1.2 times its liquid limit (w;). Then, the mixed slurry
was wrapped and cured for 24 h. After that, the slurry was pre-consolidated in the consolidation
ring under a vertical stress of 17 kPa for 24 h. The pre-consolidation pressure of 17 kPa was
obtained from trial and error, where a sample could be successfully formed. Subsequently,
the pre-consolidated sample was trimmed to 20 mm in height. Then, the specimen was
installed in the consolidation test apparatus. After applying the vertical pressure (o)),
the settlement with elapsed time was recorded until the specimen achieved a steady state for
each o, value (for 24 h). The test was carried out with o, from 10 to 320 kPa, by doubling
the stress for each subsequent step. It should be noted that soil permeability was investigated
only in the CKLS from TP-1.

The in-situ plate-bearing test was conducted following ASTM D1194 [14] under a
dry condition to determine the soil bearing capacity for footing construction of a pedestrian
bridge on highway route No. 22 Sakon Nakhon-Nakhon Phanom, Thailand. The set-up equipment
installation for the plate bearing test is shown in Figure 3. First, the soil was excavated to the
design depth. Then, a thin layer of fine sand was spread over the tested surface to ensure a
proper seating between the plate and the ground surface was achieved. After that, the hydraulic
excavator was used as counterweight. A circular steel plate (300 mm) was installed on top of
the soil surface under the bottom frame of a hydraulic excavator 150 tonne hydraulic piston/
pump machine (700 bars) and three dial gauges were installed. Then, the hydraulic piston
was used to apply load and the test commenced. The load displacement was recorded during
the elapsed time. It should be noted that the size of steel plate was quite different from the
size of the foundation, which means that the stress distribution from two conditions may be
different. Even though the plate bearing test has some limitations, it is still widely used to

determine the bearing capacity and settlement of the soil foundation.

Figure 3 Equipment for plate bearing test
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Results of Physical Properties

Some test results of physical properties are listed in Table 1 for specific gravity (G,), Atterberg
limits, and L.A. abrasion of CKLS from two sources. The test results showed that the G,
value of the soils varied from 2.7 to 2.8. The value of G, of the lateritic soil from TP-1 was
about 2.8 which was higher than from TP-2 (which was about 2.7). This may have been
because of different soil chemical compositions for the CKLS samples from the different
locations. It is well known that high values of G, for lateritic soil are due to the high content
of iron oxides (such as aluminum oxide, iron (III) oxide). The Atterberg limits test results
showed that the lateritic sample from TP-1 had higher values for w; of 36%, plastic limit
(w,) of 18% and plasticity index (/,) of 18% compared to the lateritic soil from TP-2 with
values of w; of 51%, w, of 28% and /, of 23%.

Table 1  Summary test results of CKLS

Source

Soil Property Unit
TP-1 TP-2
Specific Gravity - 2.80 2.70
Liquid Limit, w, % 36.00 51.00
Plastic Limit, w, % 18.00 28.00
Plasticity Index, 7, % 18.00 23.00
L.A. Abrasion % 42.30 42.80

The results of the grain size distribution (GSD) are shown in Figure 4. It can be
clearly seen that most soil particles for both CKLS samples were sand. The results indicated
that the CKLS from TP-2 contained fine particles (passing through sieve No. 200) of more
than 12.5%, while the CKLS from TP-1 had just 6%. The results of GSD from Figure 4
indicated that the CKLS from TP-2 was outside the specifications reported in the Department
of Highway (DOH) standard for selected materials class A, while the CKLS from TP-1
satisfied these specifications. These %passing sieve No. 200 values were in good agreement
with the results of the Atterberg limits (Table 1), where there was an indication that higher
amounts of fine particles pointed to higher Atterberg limits. Considering the gravel content
(%retained No. 4 sieve), the CKLS from TP-1 had average gravel content of about 64.0%,
while CKLS from TP-2 had average gravel content of 34.5%. For total gravel and sand
content (100% minus %passing No. 200 sieve), the CKLS from TP-1 gave an average content
of 94.2%, while the CKLS from TP-2 gave an average content of 86.2%. By comparing the

gravel content and half of total gravel and sand content, it was found that the CKLS from
https://www.tci-thaijo.org/index.php/rmutijo/index
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TP-1 was classified as gravel (G) and the CKLS from TP-2 was classified as sand (S).
The GSD results demonstrated that the values of the coefficient of uniformity (C,) and
coefficient of curvature (C,) of the CKLS from TP-1 varied from 44.44 to 55.00 and from
2.78 to 4.65, respectively, while no corresponding measurements were made for TP-2 as the
percentage of particles passing the No. 200 sieve was higher than 12.5 %. Based on the
Unified Soil Classification Standard (USCS) and the results of GSD and Atterberg limits, the

CKLS from TP-1 could be classified as GW-GC or GP-GC, while the soil from TP-2 was
classified as SC.

1009 o —greee.
8 —@— Lateritic soil from TP-1 (6 samples)
\ Y --O-- Lateritic soil from TP-2 (3 samples)
80 \ \\ —— Upper bound DOH std. for materials “A”
T \ A\ - - - -Lower bound DOH std. for materials “A”
£ 60
St
5}
.8
[+ N
5 404
2
5}
~
204
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100 10 1 0.1 0.01

Diameter (mm)

Figure 4 Particle size distribution of lateritic soils

The differences in the physical properties of the CKLS samples from the two
locations could have been due to different geographical features between the two test pits
(for example, TP-1 had a higher elevation than TP-2). Furthermore, the ground water could
have flowed under gravitational forces from TP-1 to TP-2, resulting in a higher ground
water level flow around the TP-2 zone (higher advection in fresh water). Therefore,
the CKLS sample from TP-2 may have had a higher degree of weathering compared to TP-1.

The L.A. test results are listed in Table 1 and were similar for the two test sites.
While these results seemed high, this could be explained by the CKLSs originating from

decomposed rock from weathering processes which may have caused the low particle strength.

Compaction Test Results

The relationships of dry density (y,,max) and water content (w) of the standard and
modified compaction of the CKLS from the two test pits are plotted in Figure 5.
The compaction characteristics of CKLS followed a general tendency of an increase in
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compaction energy with an increase in y,,max and a decrease in optimum water content
(OWC). The results clearly showed that the CKLS from TP-1 had higher y,,max values
and lower OWC values from both compaction methods compared with those from TP-2.

Specifically, the values of y,,max of the CKLS from TP-1 varied from 2.16 to
2.20 t/m* with OWC values in the range of 8.59 - 8.99 %, while the y,,max values of the
CKLS from TP-2 varied from 2.09 t/m? to 2.12 t/m? with OWC in the range of 9.64 - 9.72 %.
The standard compaction, y,,max values varied from 1.87 t/m’ to 1.92 t/m’? and from
1.76 to 1.81 t/m? for TP-1 and TP-2, respectively, while the OWC values were in the ranges
of 11.45 - 13.00%, and 14.23 - 14.25% for TP-1 and TP-2, respectively.

2.4 NN
NN —@&— Mod. compaction TP-1 (N = 6)
N --O-- Mod. compaction TP-2 (N = 3)
224 —#— Std. compaction TP-1 (N = 3)
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Figure 5 Results of modified and standard compaction tests
California Bearing Ratio (CBR)

The test results of CBR and swelling are shown in Figure 6 and Figure 7, respectively.
The CBR results clearly showed that as the density ( y,) increased, the CBR increased,
while the swelling ratio (%) decreased with an increase in y, values. Considering maximum
dry density (y,,max ) value (section 5.1), it was clear that the CKLS from TP-1 had higher
CBR values and lower swelling values compared to TP-2. Based on the test results, the CBR
values were approximately 55% and 28% with swelling of 0.7% and 1.1% for compacted
CKLS from TP-1 and TP-2, respectively.

According to the properties reported in the sections 5.1 to 5.2, it is indicated that
the soil from TP-1 is more suitable for construction materials comparison with the soil from
TP-2. Therefore, the soil from TP-1 was selected to further investigate its shear strength

parameters and permeability in the next sections.
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Figure 7 Results of swelling testing for TP-1 and TP-2

Direct Shear Test

The relationships between the shear stress ( 7 ) and horizontal displacement ( &, ) of the compacted
CKLS samples are plotted in Figure 8. The results indicated that the shear behavior of
compacted CKLS was found in the strain softening, where the shear stress increased with
an increase in displacement until a peak shear stress was reached, and then the shear stress
value decreased with an increase in displacement to a residual state. Based on the results
of  with o,, the Mohr-Coulomb failure envelope can be created as shown in Figure 9.
The direct shear test results showed that the ¢, and @4, values were 31.7° and
27.2°, while the ¢}, and ¢/, 4, values were 68 and 38.2 kPa, respectively. It should be
noted that the residual state can be reached when the structures have large displacement,
and for the conservative design, the ¢/

residua

’
residua

; and ¢ , values are recommended.
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Figure 8 Test results
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Figure 9 Mohr-Coulomb failure envelope of compacted CKLS from TP-1

Permeability (Consolidation Test)

The relationship between permeability (k) and the void ratio (e¢) of the CKLS is shown in

Figure 10, indicating that the value of &k on a log scale was directly proportional to the e values,

where the e values decreased when the & values decreased The £ values of the CKLS samples

varied from 1.5 x 10 to 6.8 x 10! m/s with e values varying from 0.86 to 0.38, respectively.

The test result clearly showed that the & values in this study are comparable to the test results

from another study, which used a direct measurement method to determine & values [15].
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Figure 10 Relationship between void ratio (¢) and & (log) of CKLS
Plate bearing

The plate bearing test results are reported in Figure 11 and show that the maximum bearing
capacity or more than 180 t/m? can be achieved with displacement of about 9 mm. However,
it should be noted that the plate bearing pressure may reduce when testing in wet conditions.
The test results showed that the pate bearing pressure increased with an increase in
settlement. After the plate bearing pressure reached 160 t/m?, the plate bearing pressure
increased with little settlement because the soil foundation was the very strong mudstone
layer. During the test, the capacity of the reaction frame was not enough to support the
applied pressure. For safety purposes, the test was terminated before the settlement reached
the maximum intended value of 25 mm. Considering if modulus of subgrade reaction (K),
the plate bearing pressure corresponding to the settlement of 1.25 was 42 t/m?, then the value
of K can be calculated following equation (1). The obtained X in this study was 33,600 t/m>.

K =P/0.00125, (D
where P is plate bearing pressure (t/m?) at the settlement of 1.25 mm.
Pavement Application

According to DH-S 208/2532 and DH-S 209/2532, the CKLS samples could be generally
classified as selected material A or B for soil foundations in pavement construction.
Considering the size of particles as shown in Figure 4, the CKLS sample from TP-1 followed
the specifications, whereas the CKLS sample from the TP-2 was outside the specifications.
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Only the CKLS sample from TP-1 had w;, and I, values that satisfied the minimum
requirements for Atterberg limits of a class A material (w, < 40% and /, value < 20%),
while TP-2 had values higher than those of the requirements. To reduce the w; and I, values,
one effective method which is easy and cheap is to mix in dust stone. Mahent, R. and
Joshi, R. [16] reported that the Atterberg limit of lateritic soil decreased with an increase
in the amount of dust stone, resulting in increased maximum dry density ( y,, max ).

Both CKLS samples met the minimum CBR specification requirement (CBR value
> 25%) following DH-S 208-2532. Additionally, the swelling values of both CBR samples
had lower values than the required minimum (swelling < 3%). These test results confirmed
that the CKLS sample from TP-1 was suitable as class A or class B material for the subbase layer.
However, neither sample satisfied the requirements for use as base material, according to DH-S
201/2544, and their properties would need to be improved. In particular, the minimum L.A.
requirement is less than 40%, but both CKLS samples had values exceeding this requirement.
However, their properties could be improved by treating with cementitious materials (such as
cement or geopolymer), so that high-quality materials such as crushed rock would not need
to be transported from other supply zones which would help to minimize the construction
budget. It has been reported that lateritic material mixed with cement can replace crushed
rock for road construction [17]. Based on test results, it can be recommended that CKLS is
good for road subgrade and subbase material. However, the properties of CKLS would need

to be improved (e.g., mixing with cement or lime) before being used in base material.
Foundation

This section discusses the bearing capacity of the CKLS samples and their application in soil
foundations. A shallow foundation or spread footing, commonly used in residential building
construction, is a major component of a building that transmits the building loads to the soil
foundation. The ultimate bearing capacity (g,) of the shallow foundation is based on the
simplified idea developed by Terzaghi, K. [18], where ¢, can be determined using equation (2)

for circular footing.
q,=13c'N,+¢'N,+03y" BN, ()

where ¢’ is the cohesion of soil, ¢’ is the overburden pressure on the footing (unit weight
of soil multiplied by the depth of footing), " is the unit weight of the soil, and N, N, N,

are Terzaghi’s bearing capacity factors that depend on the soil friction angle (¢").
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Based on the test results in section 5 (¢" = 3.8 t/m?, ¢’ = 3.2 t/m? considering
a depth of footing of 2.0 m, y' = 1.6 t/m’, B = 0.3 m (plate bearing), where N,, N, and
N, = 29.24, 15.9 and 11.6, respectively), g, can be estimated as approximately 199 t/m?.
It is very important to note that the values of the shear strength parameters were obtained
from the compacted CKLS sample under standard compaction energy, while the actual shear
strength parameters in the field may be lower or higher than the values reported in this study.
According to the U.S. Army Corps of Engineers [19], the recommended factor of safety (FS)
for shallow foundation is 3. By using an FS value of 3, the allowable bearing capacity (q,)
from Terzaghi’s bearing capacity is 66 t/m?. According to the results of plate bearing testing
(Figure 11), considering a plate bearing pressure at 66 t/m? the vertical settlement would
be only about 2 mm, which is much lower than the maximum allowed value of 25 mm.
Based on this analysis, the CKLS would be good for use in soil foundation. Even though
CKLS is suitable for shallow foundations, this soil could still collapse due to the leaching
process. Fresh water could leach the iron oxide component out of the lateritic soil, resulting
in disaggregation between the lateritic soil particles and resulting in the soil strength being
diminished. In fact, there are several buildings on KU-CSC which are currently facing this
problem as shown in Figure 12 and the differential settlement over a long period can require
a large expenditure on building repairs. Therefore, further investigation on the effects of
leaching and exchanging cations as well as ways to improve engineering properties in CKLS

is required.
Other Applications in Civil Engineering

The use of CKLS for other applications such as in landfill lining and as back fill material
were briefly discussed. It is well known that the major parameters controlling the flowability
through the compacted clay for waste landfill or impervious core for earth dam are the
permeability (k) and the & value that is a function of the void ratio (e).

The e values of the compacted soil can be estimated by considering the & values
from the test results in section 5. For example, considering the results of the standard
compaction test on the sample from TP-1 (Figure 5), the y,,max value of compacted
soil varied from 1.87 t/m? to 1.92 t/m? with a G, value of 2.8. Based on the given data,
the estimated e values would be 0.31 to 0.33. By using the proposed equation in Figure 10,
the k£ values can be deduced, producing estimated & values of approximately 2.72 x 10"
to 3.32 x 10" m/s, which are lower than the typical value of & for landfill liner application
(<1 x 10® m/s) [20]. This analysis indicates that CKLS could be used as a construction
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material for landfill liner applications. However, the calculated £ value from the current
study was limited only by the permeability of the soil-water interaction, whereas in the field,
many chemical compounds could be dissolved resulting in an increased & value, especially
with the dissolved cations in a solution [21]. Moreover, it is very important to note that in
field construction, the £ value can be higher or lower than the reported & values because the
grain size distribution of a material is difficult to control, resulting in the & value increasing
when there are more coarse-grained particles or reducing when there are more fine-grained
particles compared to the test results reported in the this study. Therefore, quality checking
during construction is very important.

Plate Bearing Pressure (t/m?)
0 50 100 150 200

® - Loading
—&— Unloading

Settlement of plate (mm)
(=)}
1

Figure 11 Test results of plate bearing

It is important to note that the calculated & values in this study only considered &
in the vertical direction, whereas for the core material in earth dam applications both
the horizontal and vertical directions of &k should be considered. Thus, the values of &
reported in this study are not sufficient to assess the k& value for earth dam applications;
more experiments are required to investigate this issue.

CKLS is a high plasticity soil with a low k& value, and using this soil as backfill
could be problematic due to high excess water pressure against the wall due to poor drainage.
However, nowadays, geosynthetic materials that can improve soil drainage and increase
the shear strength of the soil are widely used [22]. The use of geosynthetics can save on
construction costs since marginal soil can be substituted for high-quality backfill material.
However, further investigation is needed in the use of geosynthetics to improve the properties
of CKLS for backfill material.
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Conclusions

This study investigated the properties of Chiang Khruea lateritic soil (CKLS) through a series
of laboratory and in-situ tests. Based on the test results, the following conclusions were drawn:

1. The physical, compaction, and CBR test results for the CKLS samples from the
two different sites (TP-1 and TP-2) were different. One possible reason for these differences
is that the CKLS samples from different locations may have been subjected to different
degrees of weathering due to the leaching process.

2. The physical parameters controlling the compaction and CBR values were the
grain size distribution and the Atterberg limits (w,, w,, and 1,), where a higher fine content
(< 0.075 mm), higher Atterberg limits values, and lower maximum dry density resulted in
lower CBR values.

3. Shear strength and permeability (k) of CKLS was only investigated at TP-1.
The test results showed that the CKLS sample from there had high shear strength parameters
and low k values.

4. Based on these test results, CKLS would be good as construction material for
the subbase, landfill liner, and soil foundation, but its properties need to be improved before

being used for some applications such as backfill and base layer.

Figure 12 Structural cracks on KU CSC buildings due to settlement

Nutthachai Prongmanee and Amorndech Noulmanee
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 13, No. 3, September - December 2020 29

Acknowledgement

We would like to acknowledge the undergraduate students from the Department of Civil

and Environmental Engineering, Kasetsart University, Chalermphrakiat Sakon Nakhon,

Thailand who prepared and conducted the field and the laboratory tests. We would also

like to thank Mr. Wittaya Srisomboon for providing some of the photos indicating the
defects in the building in KU-CSC.

References

[10]
[11]

[12]

[13]

[14]

ASTM, D854. (2006). Standard Test Methods for Specific Gravity of Soil Solids by Water
Pycnometer. ASTM International

ASTM, D422. (2007). Standard Test Method for Particle-Size Analysis of Soils. ASTM
International

ASTM, D423. (1972). Standard Method of Test for Liquid Limit of Soils. ASTM International
ASTM, D424. (1979). Plastic Limit, and Plasticity Index of Soils. ASTM International
ASTM, C131. (2006). Standard Test Method for Resistance to Degradation of Small-Size
Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine. ASTM International
ASTM, D698. (2007). Standard Test Methods for Laboratory Compaction Characteristics
of Soil Using Standard Effort (12 400 Ft-Ibf/ft* (600 KN-m/m?)'. ASTM International
ASTM, D1557. (2000). Standard Test Methods for Laboratory Compaction Characteristics
of Soil Using Modified Effort (56,000 ft-1bf/ft* (2,700 kN-m/m?%). ASTM International
ASTM, D1883. (2016). Standard Test Method for California Bearing Ratio CBR (California
Bearing Ratio) of Laboratory-Compacted Soils. ASTM International

ASTM, D3080. (2011). Standard Test Method for Direct Shear Test of Soils Under
Consolidated Drained Conditions. ASTM International

Taylor, D. (1955). Fundamentals of Soil Mechanics. Chapman and Hall Limited, New York
ASTM, D2435. (2011). Standard Test Methods for One-Dimensional Consolidation Properties
of Soils Using Incremental Loading. ASTM International

Quang, N. D. and Chai, J. C. (2015). Permeability of Lime- and Cement-Treated Clayey Soils.
Canadian Geotechnical Journal. Vol. 52, Number 9, pp. 1221-1227. DOI: 10.1139/cgj-2014-0134
Prongmanee, N., Chai, J. C., and Shen, S. (2018). Hydraulic Properties of Polymerized Bentonites.
Journal of Materials in Civil Engineering. Vol. 30, Issue 10, DOI: 10.1061/(ASCE)MT.
1943-5533.0002442

ASTM, D1194. (2003). Standard Test Method for Bearing Capacity of Soil for Static Load
and Spread Footings. ASTM International

https://www.tci-thaijo.org/index.php/rmutijo/index



30

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

Properties of Chiang Khruea Lateritic Soil and Their Applications in Civil Engineering

Chaiyasat, S. (2016). Influence of Clay Content on Permeability of Compacted Lateritic Soil.
Engineering and Applied Science Research (EASR). Vol. 43, pp. 1-3. DOI: 10.14456/
kkuenj.2016.55

Mabhent, R. and Joshi, R. (2015). Improvement Soil Index Properties by Adding Stone Dust Mix.
International Journal of Science Technology and Engineering (IJSTE). Vol. 2, Issue 2, pp. 61-68
Jaritngam, S., Somchainuek, O., and Taneerananon, P. (2014). Feasibility of Laterite-Cement
Mixture as Pavement Base Coarse Aggregate. Iranian Journal of Science and Technology
Transactions of Civil Engineering. Vol. 38, Issue 1, pp. 275-284. DOI: 10.22099/1JSTC.2014.1869
Terzaghi, K. (1943). Theoretical Soil Mechanics. John Wiley & Sons. New York

Department of the Army U.S. Army. (1992). Engineering and Design BEARING CAPACITY
OF SOILS. Corps of Engineers Washington, DC 20314-1000

Benson, C. H., Zhai, H., and Wang, X. (1994). Estimating Hydraulic Conductivity of Compacted
Clay Liners. Journal of Geotechnical Engineering. Vol. 120, No. 2, pp. 366-387
Prongmanee, N., Chai, J. C., and Shrestha, S. (2018). Effect of Cations on Consolidation and
Permeability of Polymerized Bentonite. Lowland Technology International. Vol. 20, No. 3,
pp- 297-304

Christopher, B. R. and Stulgis, R. P. (2005). Low Permeable Backfill Soils in Geosynthetic
Reinforced Soil Walls: State-of-the-Practice in North America. In Proceedings of North
American Geo-synthetics Conference (NAGS 2005). 14 December 2005, Nevada, USA.
pp. 14-16

Nutthachai Prongmanee and Amorndech Noulmanee
ISSN 2672-9369 (Online)



Preparation of Biocomposite from Recycled PET Bottles
and Starch Reinforced with Biochar from Durian Peels

Voravadee Suchaiya'* and Katsirin Sangmanee'

Received: March 12, 2020, Revised: April 26, 2020; Accepted: April 28, 2020

Abstract

This research focuses on the preparation of biodegradable films from recycled polyethylene
terephthalate (RPET) and thermoplastic starch (TPS) reinforced with biochar from durian
peels. In this study, hexamethylene diisocyanate (HMDI) was used as a compatibilizer and
the influences of biochar contents on physical properties, morphology, mechanical properties,
thermal properties and water absorption ability of biocomposite films were studied.
For biocomposite preparation, all ingredients, i.e. TPS, RPET biochar and HMDI were mixed
by internal mixer and fabricated into thin sheets by compression molding. The mixing ratio of
TPS/RPET was fixed at 30/70 wt%, while HMDI was added at 5 wt% based on starch content.
Biochar contents were varied from 10 to 40 wt%. The results showed that the presence of
5 wt% HMDI led to improvement of mechanical and thermal properties of TPS/RPET
compound which resulted in the improvement of interfacial adhesion between RPET and TPS.
Moreover, the addition of 20 wt% biochar resulted in the highest flexural strength and flexural
modulus of 30 TPS/RPET when compared to other biochar contents because of its better
dispersion in RPET matrix. In addition, biochar could improve thermal stability of
30 TPS/RPET biocomposite. Besides, the water absorption ability of TPS/RPET/biochar
composite increased with an increase in TPS and biochar. On the other hand, the presence of
HMDI led to the diminishing of water absorption ability of TPS/RPET/biochar biocomposite.
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Introduction

Thailand is one of the well-known cultivated lands. Nowadays, Thailand’s farming industry
is highly competitive and there is gain of agricultural productivity [1]. Due to an increase
in agricultural cultivation, a lot of agricultural plastic wastes such as seed trays, crop coverings,
mulch films, pots and fertilizer bags are abandoned in landfills [2]. Most of agricultural
plastic wastes are made from petroleum-based polymers because such polymers have good
mechanical properties and are inexpensive [3]. However, petroleum-based polymers cause
environmental pollution since they take a long time to decompose [3]. Recently,
the environmental issue of reducing plastic use has become a serious topic in Thailand.
The Thai government has also been driving a policy to avoid using single and
non-biodegradable plastics [4]. Thus, the use of biodegradable plastic or recycled plastic
for agriculture is a sustainable way to reduce plastic waste from agricultural activities since
the reuse and recycling of already acquired non-biodegradable plastics help maintain an
environment without waste and reduce demand for new plastic[5] - [7].

Polyethylene terephthalate (PET) bottles is one of the plastic wastes mostly found in
landfills and oceans. Many researchers have studied on the utilization of recycled PET bottle
by mixing it with biodegradable polymers such as polylactic acid [8], poly (butylene succinate)
[9] cellulose [10], and starch [11] to reduce PET bottle waste. From literatures, the addition
of biodegradable polymers can improve mechanical properties and the biodegradability
of recycled PET for the production of various products, e.g. food packaging, clothes, icluding
plastic products for cultivation. However, there are a few research works focusing on the
preparation of biocomposite from recycled PET for agricultural application such as trays
and films. Thus, this research is aimed at preparing recycled PET biocomposite and its
properties to be a guideline for prototype development such as trays and films. Cassava starch
and biochar are attractive raw materials because cassava starch is abundant in nature in
Thailand. It is cheap and has good biodegradability [12] - [13]. While, Biochar has benefit
for crop and soil. It can enhance root yield since it can hold moisture and enrich soil nutrients
[14] - [15]. Nevertheless, the main problem of starch and polyester blend is low compatibility
because starch is hydrophilic material, while polyester is hydrophobic material. The addition
of coupling agent or compatibilizer can improve the compatibility and interfacial adhesion
between hydrophilic and hydrophobic materials. [socyanate compounds, such as methylene
diphenyl diisocyanate (MDI) [16], 1,4-phenylene diisocyanate (PDI) [17] and hexamethylene
diisocyanate (HMDI) [17] are well-known coupling agents for polyester and starch because
they are effective and give rapid reactions. HMDI is one of diisocynate groups which is widely
used in bioplastic and food-contact applications [18].
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Therefore, the objectives of this work are to prepare biocomposite from recycled
PET (RPET) and thermoplastic starch (TPS) reinforced with biochar. HMDI was used as
a compatibilizer. The effects of TPS and HMDI addition and biochar content on morphology,
mechanical properties, thermal properties, and water absorption ability of TPS/RPET

biocomposites were studied.

Materials and Method

1. Materials
Commercial cassava starch was used as a raw material for TPS preparation.
Recycled PET bottle (RPET) was a raw material used in preparing biocomposites. Analytical
grade of HMDI was purchased from Sigma Aldrich. Analytical grade of glycerol was
obtained from CT chemical co, Ltd. Durian peel waste was used as raw material for biochar
preparation.
2. Biochar (BC) preparation
Durian peel was dried in an oven at 60 °C overnight to remove absorbed moisture.
Later, it was pyrolyzed at 500 - 600 °C in closed-traditional furnace without oxygen for 24 hrs.
After pyrolysis, biochar from durian peel was obtained and then it was ground into fine
particles to pass through a 230 sieve mesh.
3. Thermoplastic starch (TPS) preparation
Cassava starch was dried in an oven at 60 °C overnight for removing absorbed
moisture. Next, cassava starch was mixed with glycerol and water. The ratio of starch, glycerol,
and water was 70:20:10. All ingredients were stirred and kneaded to prepare homogenous TPS.
4. Preparation of biocomposite from RPET and starch reinforced with biochar
RPET was washed in water and dried in sunlight. After that, it was cut into small
sizes (1 - 2 cm). Before mixing, all ingredients, i.e. RPET and biochar were dried at 60 °C
overnight. Afterwards, RPET, TPS, and HMDI were firstly mixed by internal mixer
(Enmach Co., Ltd.) at 260 °C and 60 rpm to prepare TPS/RPET compound. The ratio of TPS
and RPET was fixed at 30:70 wt%, while the addition of HMDI was fixed at 5 wt% which
depended on TPS content. The mixture was blended until it became homogeneous. After that,
biochar was added into the compound and was mixed for 5 minutes to disperse biochar in
matrix. Biochar content was 10 wt%, 20 wt%, 30 wt%, and 40 wt% based on the total weight
of the compound. After that, TPS/RPET/biochar compound was fabricated into sheet by
compression molding machine (CT, Chareon tut Co., Ltd).
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5. Characterization

Morphologies of TPS, biochar and biocomposite were studied by scanning electron
microscope (SEM) (JEOL, JSM-IT300). Thermal stability of biocomposite films was investigated
by Thermogravimetric analysis (TGA) (Tarsus, TGA-209 F3) which was conducted under
nitrogen gas with 10 °C/min of scanning rate. Differential calorimetry (DSC) (Phoenix 204 F1)
was used to study thermal behavior of RPET and biocomposite under inert gas with 10 °C/min
of scanning rate. The degree of crystallinity ( X ) of biocomposite film was calculated with the
following equation (1).

AHm
Xe =

x100, ()
my

where AHm is the melting enthalpy of the crystalline PET and AHm, is the melting enthalpy

of the completely crystalline PET. The values of AHm, of PET was 140 J g'.

Universal Testing Machine (UTM DSS-10T) was used for flexural tests according
to ASTM standard D790. Water absorption test (water absorption ability) was studied
according to ASTM 570. All samples were dried at 60 °C overnight. After that, all samples
were weighed and then soaked in excess water for 24 hrs. After 24 hrs, excess water was
removed from the samples with tissue paper, and then weighed. Three replicates were tested.

The water absorption was calculated on a dry basis with the following equation (2).

Water Absorption Ability (%)=22""1x100 )
W

where w, and w; are the wet weight and dried weight of a sample, respectively.
Results and Discussion

1. Physical appearance and morphology of biochar from durian peels

Biochar from durian peels was used as a reinforcement for TPS/RPET
biocomposite. Figure 1 shows physical appearances and morphology of durian peels and
biochar. Physical appearances of durian peels are shown in Figure 1(a). Durian peels are
oblong shape with green and yellow color. The Figure 1(b) shows that obtained biochar
exhibited black color with glossy skin after pyrolysis. Then, the biochar was reduced into
micron size by a grinder and was sieved by 230 mesh sieve. After grinding, biochar
powder was a mixed shape of flake and short fiber with rough surface as seen in Figure 1(c)
and (d). Moreover, tiny holes could be found on biochar surface. The average particle size

of biochar powder was approximately 33 pm.
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(b) Biochar

(c) SEM of Biochar at (d) SEM of Biochar at

x 500 maginification x 2,000 maginification

Figure 1 Physical appearances of durian peels and biochar

2. Physical appearance of RPET and RPET biocomposite
Physical appearances of RPET and biocomposites are illustrated in Figure 2.
As observed, neat PET sample was of gray color with smooth surface. The presence of 30 wt%
TPS resulted in a brownish color in RPET biocomposite. While, the addition of biochar
contributed to a black color and rough surface. Moreover, the agglomerations of biochar

particles were noticed in samples when biochar content increased from 20 to 40 wt%.

30 TPS 10 BC 20 BC 30 BC 40 BC

30 TPS/RPET BC/30 TPS/RPET

Figure 2 Physical appearances of RPET, 30 TPS/RPET with HMDI, and BC/30 TPS/RPET
biocomposites with HMDI
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3. Morphology

Figure 3(a) - (g) illustrates fracture surface of RPET and all RPET bicomposites.
As seen in Figure 3(a) - (c¢), the gray area with rough surface is RPET matrix, while big
particles which embedded in matrix are TPS particles and the large holes in sample surface
were imprints of TPS particles. Average particle size of TPS is in range of 30 - 50 um.
Figure 3(b) and (c) exhibit fracture surface of 30 TPS/RPET without and with 5 wt% of
HMDI, respectively. As shown in Figure 3(a) and (b), holes in composite surface and large
gap between TPS and RPET phases could be found in 30 TPS/RET without HMDI.
It indicated that there was poor compatibility between hydrophobic RPET and hydrophilic
TPS. After mixing with HMDI, the gaps between RPET and TPS were smaller than those
of TPS/RPET without HMDI (Figure 3(c)). Besides, the addition of HMDI contributed to
well embedding of TPS in RPET matrix. This phenomenon indicated that the presence of
HMDI could increase compatibility between RPET and TPS. Fracture surface images of
all BC/30 TPS/RPET biocompoites are shown in Figure 3(d) - (g). These figures illustrate
that small white flakes and short fibers are biochar (BC) powder. Small holes in matrix
were evidence of biochar imprints. As observed, the degree of agglomeration of biochar
increased with an increment of biochar loading since biochar had large surface area which
easily tended to agglomerate. Likewise, the addition of 20 wt% biochar had better dispersion
in matrix than other biochar contents. These results supported flexural properties of
30 TPS/RPET biocomposite. The optimal 20 wt% biochar content led to the highest flexural

strength and flexural modulus.
4. Thermal properties and degree of crystallinity of RPET and all RPET biocomposites
Thermogravimetric curve of RPET and RPET biocomposite is displayed in
Figure 4. Data from TGA thermogram are presented in Table 1. The figure shows that neat
RPET initially decomposed at around 390.19 °C which was degradation of PET main chain.
While, all RPET biocomposites initially decomposed at nearly 100 °C which was evaporation
of absorbed moisture. After evaporation, all RPET biocomposites showed three step
decompositions. First decomposition started at around 250 - 270 °C which related to
decomposition of small molecule i.e., glycerol. Second decomposition was at around
299 - 308 °C which related to TPS degradation. The decomposition around 390 - 400 °C
was the degradation of RPET component. Obviously, the presence of TPS reduced the
thermal stability of RPET because TPS has less thermal stability than RPET. However,
the addition of HMDI can improve thermal stability of 30 TPS/RPET biocomposite due to
the improvement of compatibility of TPS and RPET. Moreover, thermal stability of

30 TPS/RPET increased with increment of biochar content.
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Figure 3 SEM images of neat RPET and RPET biocomposites
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Table1  TGA data RPET and RPET biocomposites

leonset Td20nset Td30nset Char yield at

Sample
[°C] [°C] [°C] 500 °C [%]
RPET 396.10 - - 16.43
30 TPS/RPET 254.70 303.71 380.00 15.31
30 TPS/RPET + 5 HMDI 268.00 308.00 390.58 14.63
30 TPS/RPET/ 30 BC + 5 HMDI 267.64 273.00 386.39 29.77
30 TPS/RPET/ 40 BC + 5 HMDI 260.78 270.00 406.00 38.90
110-
1004
90+
80+
_ —RPET
S 704
% - - =30 TPS/RPET
Bal 30 TPS/RPE + 5 HMDI
401 ——30 TPS/RPET/ 30 BC + 5 HMDI
1 —30 TPS/RPET/ 40 BC + 5 HMDI
20- S
10

50 100 150 200 250 300 350 400 450 500 550
Temperature (°C)

Figure 4 TGA Thermograms of RPET and RPET biocomposites

DSC Thermograms of RPET and all RPET biocomosites are shown Figure 5,
while DSC data of all RPET biocomposites are displayed in Table 2. As seen in Figure 5,
glass transition temperature (7,) and melting temperature (7,,) of RPET are exhibited at around
82.60 °C and 256.93 °C, respectively. The DSC thermograms and Table 2 exhibit that the glass
transition temperature of RPET dramatically shifted toward a lower temperature (53.40 °C)
with the addition of 30 wt% TPS. Besides, the presence of 30 wt% TPS decreased the degree of
crystallinity of RPET owing to the low miscibility between RPET and TPS. However, the glass
transition temperature of 30 TPS/RPET slightly shifted to a higher temperature (59.60 °C)
when HMDI was added. This phenomenon indicated that the addition of HMDI can improve
interfacial adhesion between TPS and RPET. On the other hand, there was no significant
change in 7,, when 30 TPS and HMDI were added. The results are similar to Ferri and
co-workers [18], they studied poly(lactic acid) blends with thermoplastic starch by physical
blending without compatibilizer. They found that the slight decrement in 7, is representative
for poor miscibility between PLA and TPS.
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The effects of biochar loading, glass transition temperature, melting temperature
and degree of crystallinity of 30 TPS/RPET decreased when biochar loading increased
because biochar cannot act as a nucleating agent due to its poor dispersion in RPET matrix.
In addition, agglomeration of biochar can be noticed in matrix as seen in Figure 5.

The degree of crystallinity results are related to flexural properties of RPET biocomposite film.

30 TPS/RPET + HMDI

30 TPS/RPET
RPET
s W‘

o
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Temperature (°C)

(a) 30 TPS/RPET with and without HMDI

Heat Flow (Ex0) --------

40 BC/ 30 TPS/RPET + HMDI
A
30 BC/ 30 TPS/RPET + HMDI

20 BC/ 30 TPS/RPET + HMDI
30 TPS/RPET + HMDI

Heat Flow (EX0) -----==n---

2 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Temperature (°C)

(b) BC/ 30 TPS/RPET biocomposites
Figure 5 DSC thermograms of RPET and RPET biocomposites

5. Flexural test

Flexural properties, i.e. flexural strength, flexural modulus, and extension of
RPET and biocomposite are shown in Table 3. The table shows that the addition of TPS and
biochar contributed to a decrease in flexural properties of RPET. This may be due to the low
interfacial adhesion between RPET, TPS, and biochar. Effects of HMDI, 30 TPS/PET
biocomposite with HMDI were higher flexural strength, flexural modulus, and extension
value than biocomposite without HMDI because HMDI can improve interfacial adhesion
between RPET and TPS. In addition, flexural strength, flexural modulus, and extension of
30 TPS/RPET bicomposite decreased when biochar content increased since biochar could
not be well dispersed in the RPET matrix. However, it was found that the addition of 20 wt%

biochar gave the highest flexural modulus and flexural strength with reasonable extension
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value when compared to other concentrations of biochar. The morphological results of

fracture surface of 30 TPS/RPET/BC biocomposite were used as supporting evidence.

Table2  DSC data of RPET and BC/ 30 TPS/RPET biocomposites

Samples T,onset ['C] T,['C] AHm % Crystallinity
RPET 82.60 256.90 55.42 39.58
30 TPS/RPET 53.40 252.60 48.56 34.28
30 TPS/RPET + 5 HMDI 59.60 250.00 60.14 42.96
30 TPS/RPET/ 20 BC + 5 HMDI 57.60 250.10 45.15 32.22
30 TPS/RPET/ 30 BC + 5 HMDI 57.00 248.80  43.81 30.84
30 TPS/RPET/ 40 BC + 5 HMDI 55.80 237.80  27.6 19.71

Table 3  Flexural properties of RPET and RPET biocomposite

Flexural Strength Flexural Modulus Extension

Sample
[MPa] [MPa] [mml]

RPET 17.30+3.60 4063+338 2.53+0.55
30 TPS/RPET 8.87+1.48 34824919 1.30+0.48
30 TPS/RPET + 5 HMDI 9.7840.90 38224960 1.73+0.28
30 TPS/RPET/ 10 BC + 5 HMDI 2.74+1.05 702+419 1.00+0.35
30 TPS/RPET/ 20 BC + 5 HMDI 3.27+0.69 18224504 0.85+0.08
30 TPS/RPET/ 30 BC + 5 HMDI 2.25+1.06 677+373 0.80+0.03
30 TPS/RPET/ 40 BC + 5 HMDI 1.73+0.47 702+444 0.61+0.18

6. Water absorption test

Water absorption ability of neat RPET and all RPET biocomposites is shown in
Figure 6. As seen in this figure, neat RPET showed the lowest water absorption value which
was less than 1% owing to its hydrophobic characteristic. While, water absorption of
30 TPS/RPET without HMDI was around 6%, higher than that of neat RPET due to the
hydrophilic characteristic of TPS. Moreover, the presence of large gaps between RPET and
TPS led to the increment of water absorption because water can easily diffuse into samples
via the defects such as gaps and voids. On the other hand, the addition of 5 wt% HMDI
decreased the water absorption of 30 TPS/RPET since the presence of HMDI resulted
in the improvement of compatibility between RPET and TPS, contributing to the reduced
gap between RPET and TPS. Considering effect of biochar content, water absorption of
30 TPS/RPET with 5 wt% HMDI increased when biochar content increased. This is because

the biochar is a porous material which has a high capacity for absorbing water.
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Figure 6 Water absorption of neat RPET and RPET biocomosites

Conclusions

Biocomposites from RPET and TPS reinforced with biochar from durian peels were prepared
by internal mixer and compression moulding. HMDI was used as a compatibilizer for TPS
and RPET. The addition of starch and HMDI to RPET was fixed at 30 wt% and 5 wt% (based
on starch content), respectively. While, biochar content in TPS/RPET was varied from
10 to 40 wt%. The effects of TPS, HMDI, and biochar content on morphology, thermal
properties, flexural properties, and water absorption ability of RPET biocomposites were
studied. Considering the effects of TPS addition, the presence of 30 wt%TPS decreased
mechanical properties and thermal properties of RPET due to low compatibility between
TPS and RPET. However, flexural properties and thermal stability of 30 TPS/RPET with
5 wt% HMDI were higher than those of 30 TPS/RPET without HMDI. It may be because
there was an improvement of compatibility between TPS and RPET. Moreover, the addition
of 30 wt% TPS led to the decrease of glass transition temperature and degree of crystallinity
of RPET. While, the addition of 30 wt% TPS did not have a significant effect on melting
temperature of RPET. However, it was noticed that the presence of HMDI increased the
degree of crystalinity of RPET owing to the improvement of interfacial adhesion between
RPET and TPS. SEM image confirmed that the HMDI can improve the interfacial adhesion
between RPET and TPS because of the reduction of gap between TPS and RPET.
Considering biochar content, the addition of biochar decreased the flexural properties of
30 TPS/RPET. However, the optimal content of biochar was 20 wt% because this content
gave the highest flexural strength and flexural modulus with reasonable extension value
when compared to other biochar contents. Besides, the degree of crystallinity of 30 TPS/RPET
decreased with an increment of biochar content. This because biochar did not act like
a nucleating agent due to its poor dispersion in matrix. Likewise, the addition of TPS and

biochar led to the increment of water absorption ability of RPET due to hydrophilic
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properties of TPS and porosity of biochar. However, the presence of HMDI contributed to
the decrease of water absorption ability of 30 TPS/RPET due to the improvement interfacial
adhesion between TPS and RPET.
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Abstract

The objective of this research was to study the properties of durian shells biochars prepared
by the pyrolysis process. The durian shells were contained in a closed chamber and heated
in an electric furnace at different temperatures which varied from 500 °C to 900 °C for 10 hours.
After heating, durian shells turned into black color. Density and porosity, surface morphology,
elemental compositions, and crystalline phases of biochars were investigated by Archimedes
immersion technique, scanning electron microscope (SEM), Energy dispersive x-ray
spectrometry (EDX) and X-ray diffractometer (XRD), respectively. An increase in pyrolysis
temperature led to yield reduction and an increase in the bulk density of biochars. SEM analysis
showed the distribution of pore on all biochars fractures with similar apparent porosity values
of more than 70%. The main elements in all biochars contained carbon (C) and oxygen (O),
which were studied by EDX analysis. XRD results showed phase formation of carbon in
biochar, which could form both amorphous and semi-crystalline phases. While oxygen could be
composed in other elements in biomass through many forms of mineralogical compositions
as CaCO; (Calcite), KHCO; (kalicinite), and Ca;(PO,),. Moreover, the alkali lignin phase
appears in biochar at 500 °C and 600 °C conditions because of a highly cross-linked structure
of the lignin. The CaCO; and Ca;(PO,), phases could decompose at low pyrolysis temperature,
but KHCO; phase formed at high temperatures hence the thermal stability of the KHCO;
phase was higher than CaCO; and Ca;(PO,), phases.
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Introduction

Currently, severe problems throughout the world are energy crisis, environmental pollution,
and global warming. The utilization of clean energy sources and the development of
renewable energy sources can be considered as good choices for alleviating these problems.
The synthesis of energy storage materials used in supercapacitors and Li-ion batteries is
essential and challenging [1]. Carbon-based materials fabricated to electrodes show to
achieve high electrical conductivity, chemical stability, and power density in superconductors.
The advanced carbon materials such as carbon nanotube and graphene show high
effectiveness for both electrochemical and hybrid supercapacitors. These carbon materials
however, have limitations of high cost and involve highly toxic oxidants for synthesis
methods [2]. The objective of this research is to produce carbon-based materials which
show a porous structure with a high surface, high conductivity, suitable pore size
distribution, and long-term cyclability from low-cost raw materials by simple synthesis
methods for use as electrodes.

Biomass is a low-cost raw carbon material with great potential for synthesizing
various carbon materials, and it can be converted into biofuels for use as alternative energy
sources. A wide range of biomass are derived from all types of biological resources such
as plants, animals, and microbes [3]. There are many biomasses from agricultural waste
such as coconut shells, rice husks, cane bagasse, bamboo, palm shell, and durian shell
in Thailand. These wastes are raw carbon materials that can be converted into biochar, which
is carbon materials.

Biochar is a carbon-rich material produced from biomass by thermochemical
conversion as dry carbonization, pyrolysis (gasification), and hydrothermal carbonization
process. Pyrolysis is the most common method for producing biochar, this method can
generate biochar by heating biomass under a limited supply of oxygen. There are two types
of pyrolysis processes: slow pyrolysis and fast pyrolysis, depending on the heating rate and
soaking time. The difference between the two types of processes is the yield of char and tar.
Slow pyrolysis produce biochar by heating biomass at a low heating rate and long soaking
time, this process gives high yield biochar at about 20 - 50%. Fast pyrolysis produce biochar
at a high heating rate (above 200 °C/min) and short soaking time (less than 10 seconds),
this process gives a high yield of tar but low yield biochar at about 10 - 20% [1], [3] - [4].
There are three main components of biomass as cellulose, hemicellulose, and lignin at about
40 - 60%, 20 - 40%, and 10 - 25%, respectively. In the cell walls of plants, cellulose is
organized into microfibril, interrupted by hemicellulose, and surrounded by lignin matrix.
Cellulose, a natural linear polymer, is the major constituent, has strong fibers. Hemicelluloses
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have a random amorphous structure with little strength, while lignin is a highly cross-linked
and three-dimensional structure with high strength. The pyrolysis of biomass can be divided
into four individual stages with the decomposition of moisture, hemicellulose, cellulose,
and lignin, respectively [5] - [7].

The applications of biochar have been studied and reviewed extensively, and are
applied to agricultural (soil amendment) and environmental (inorganic pollutant removal)
benefits. For example, the potentials of porous and nutrients-rich of biochar to nutritionally
enrich soil and in the removal of the cationic compounds from water [8] - [11]. Moreover,
most of the biochars from agricultural waste are carbon materials with a porous structure;
these properties are important properties of high-performance electrode materials [12] - [18].
Among the porous biochar from agricultural waste in the study of Daosukho, S.,
Kongkeaw, A., and Oengeaw, U. [10] found that carbon yield percentage of durian shell
biochar is about 57%, it is less than the carbon yield percentages of bamboo and palm shell
biochars which are about 65%. But the durian shell biochar showed higher porosity on the
surface than the other biochars. Therefore the durian shell biochar is an interesting materials
to be used in high-performance electrode materials.

The objective of this research was to study the effects of pyrolysis temperature on
the properties of durian shell biochar, a porous carbon material to be used in high-performance

electrode materials in the next study.
Experiment

1. Manufacturing
Durian shell biomass from Uttaradit province, Thailand was chosen for this
research. Durian shell biochars were produced from durian shell biomass by the pyrolysis
process, according to the following steps. The biomasses were cleaned in water and dried
at 100 °C for 24 hours in the oven to eliminate moisture. Then, the dried-biomasses were
stored into a closed - alumina chamber which did not allow air to enter from outside, and
then heated in the absence of oxygen at 500 - 900 °C with a low heating rate (10 °C/min) for
10 hours in the electric furnace.
2. Characteristics
Various instruments and techniques were chosen to study the characteristics of
durian shell biochar as follows:
The percent yield (%Yield) is the percent ratio of a product yield and raw
materials yield. It was calculated from the weight of the product as biochar divided by the
weight of raw material as biomass multiplied by 100%. An electronic balance (Sartorius:
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Practum224-1s) was used to weigh all the samples equation (1).

Weight of Product
Weigh of Raw Material

%Yield =

x100 (1)

The bulk density (o) and apparent porosity (%A4P) of all biochars were
determined by the Archimedes immersion technique with ASTM C20 standard test
methods. This technique involves placing a container of the liquid under test on the
electronic balance and determining the specific gravity of samples using the plummet
(Sartorius: Practum224-1s with YDKO03 density kit). Both values are calculated from the
dry weights (D), saturated weight (W), and suspended weight (S) of biochars. Acetone
which has a density of 0.7857 g/cm’ ( p,) was the chosen medium liquid for this work.
The biochars were placed in acetone, sonicated in an ultrasonic bath for 3 hours, and
immersed for 12 hours before weighing. The saturated and suspended weights are the
weights of the biochars that were weighed in air and acetone, respectively. The formulas for

these calculations are as follows equation (2) - (3):

D

= X 2

P W_S Po ()

954P ==L 100 (3)
w-—S

The morphologies and pore structure were observed by scanning electron
microscopy (SEM: JEOL, JSM-IT300). The cross-section areas of all biochars were coated
with gold, Au, metal before examination using the signal of secondary electrons images.
The elemental compositions were analyzed by energy-dispersive X-ray spectroscopy (EDX),
which was used together with scanning electron microscopy. Moreover, X-ray diffractometer

(XRD: Rigaku, Miniflex II) was used for the identification of crystalline phases.

Results and Discussion

1. Appearances of durian shell biomass and biochars
The appearance of durian shell biomass and biochars are shown in Figure 1.
The biomasses were changed to black biochars completely and the weight loss happening
occurred due to fiber decomposition of biomass through pyrolysis process.
The chemical analysis from the research of Lubis, R., Saragih, S. W.,

Wirjosentono, B., and Eddyanto, E. [19] showed that the fiber of durian shell biomass contains
https://www.tci-thaijo.org/index.php/rmutijo/index
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57 - 64% cellulose, 30.7% hemicellulose, and 13.6% lignin. The decomposition of
hemicellulose and cellulose occurred quickly, with the weight loss of hemicellulose
happening at 220 - 315 °C and that of cellulose happening at 315 - 400 °C. Lignin was more
difficult to decompose and the decomposition happened at a wide temperature range
between 160 - 900 °C. The main gas products from this process were CO,, CO, and CH, [5].
Therefore, the tendency of biochars to yield decreased with an increase in pyrolysis

temperature (Table 1) due to the increase of the decomposition of lignin.

T
HET :EK
T
< R
(a) Biomass (b) Biochars at 500 °C (¢) Biochars at 600 °C
R 7
-
(d) Biochars at 700 °C (e) Biochars at 800 °C (f) Biochars at 900 °C

Figure 1 Appearances of durian shell biomass and biochars

Table 1  Percent yield of the biochars at different pyrolysis temperatures

Pyrolysis temperature (°C) Yield (%)
500 46.96
600 41.43
700 37.72
800 34.44
900 28.31
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2. Density and porosity
The bulk density and apparent porosity of all biochars are shown in Figure 2.
The durian shell biochars have a low density of about 0.2 - 0.4 g/cm’, and the density value
increased with an increase in pyrolysis temperature. It can be seen that all biochars show
similar apparent porosity values of more than 70%. The durian shell biochars showed high
porosity, which is one of the important properties of materials that can be developed into

high-performance electrode materials.
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Figure 2 Bulk density and apparent porosity of the biochars at different pyrolysis temperatures

3. Morphology
The cross-section SEM images of all biochars at 1000x magnification are shown
in Figure 3. Besides, the average pore size of the biochars was analyzed form these SEM
images using ImagelJ software. It was found that the biochars had a highly porous structure
with numerous hollow cells, which were inherited from the original biomass. The average
pore size increased with an increase in pyrolysis temperature (Table 2). An increase in
pyrolysis temperature can also lead to the widening of pore size due to breaking down of

the walls between adjacent pores [3].
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(e) 900 °C

Figure 3 The cross-section SEM images of durian shell biochars at different pyrolysis

temperatures at 1000x magnification
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Table 2  Average pore size of the biochars at different pyrolysis temperatures

Pyrolysis temperature (°C) Average pore size ( £ m)
500 7.28+£2.36
600 8.31+£3.05
700 13.02+4.45
800 13.69+5.00
900 15.07£5.08

Spectrum 1

Element |Weight% Atomic%

CK 88.30 91.93
OK 9.37 7.32
KK 233 0.75

Totals 100.00
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Figure 4 The morphologies at 1000x magnification, EDX spectrums and elemental

compositions of the biochars which were prepared at 500 °C and 900 °C

4. Elemental compositions
Figure 4 shows the morphologies at 1000x magnification, EDX spectrums, and
elemental compositions of the biochars which were prepared at 500 °C and 900 °C. It was

found that the EDX spectrums of both biochars showed similar results. The main element
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in these biochars was carbon (C) at about 88 - 90 wt%. Also, the spectrums of these biochars
contained some elements, including oxygen (O) and potassium (K). These results were
consistent with the other biochar conditions. A previous study found other elements in
durian biochar such as phosphorus (P), magnesium (Mg), calcium (Ca), aluminum (Al),
surfer (S), Iron (Fe), Manganese (Mn) and Arsenic (As) [9]. These elements could be
composed with oxygen or chlorine in the forms to oxides, carbonates, phosphates or chloride
structures such as KH,PO, (Archerite), CaCO; (Calcite), KCaCl; (Chlorocalcite), KHCO;
(kalicinite), NH,MgPO,*6H,0O (Struvite) and KCI (Sylvite) [9] - [10]. X-ray diffraction

techniques confirmed these crystalline phases of biochars in this work.

5. Crystalline phases

The XRD patterns of all biochars are shown in Figure 5. Broad peaks atypical
at 26 about 20 - 30° and 40 - 50° are observed in the XRD pattern of 500 °C, 700 °C and
800 °C biochars conditions, which indicated the amorphous state of carbon in biochars.
While, the XRD patterns of 600 °C and 900 °C biochars conditions indexed sharp peak
of graphite crystal at 268 = 26.5° (002) and broad peaks atypical at 26 about 40 - 50° of
amorphous state so, these conditions indicated semi-crystalline state of carbon. Therefore
the formation of carbon phases in biochar can occur in both amorphous and semi-crystalline
phases. A review of Lin, W-J., Jiang, H., and Yu, H-Q. [3] said that this semi-crystalline
structure occurred from the natural structure of biobased polymer derived from the biomass,
which has mainly amorphous structure, and some local crystalline structure of highly
conjugated aromatic sheet cross-linked randomly. Moreover, the biochar crystallite can
increase in size and the entire structure becomes more ordered with increasing pyrolysis
temperatures.

Also, the XRD patterns of 500 °C and 600 °C conditions (Figure 5(a)) indexed
sharp peaks of many mineralogical compositions as CaCOj; (Calcite), KHCO; (kalicinite)
and Ca;(PO,),. Moreover, the sharp peak at 26 = 31.6° and 26 = 45.4° are indexed on
XRD patterns of only these biochar conditions. These peaks correspond with alkali lignin
sharp peak in the research of Ye, X-X., Luo, W,, Lin, L., Zhang, Y-Q., and Liu, M-H. [20],
which studied the preparation of lignin-based dye dispersant from alkali lignin of Masson
pine sulfite pulping liquor. Lignin is hard to decompose due to the highly cross-linked
and three-dimensional structure. The thermogravimetric analysis (TGA) curve in the research
of Yao, B., Kolla, P, Koodali, R., Balaranjan, S., Shrestha, S., and Smirnova, A. [7] found that the
decomposition of the original lignin starts at 350 °C and at 480 °C almost 80% of lignin is
decomposed. The TGA curve in the research of Yang, H., Yan, R., Chen, H., Lee, D. H.,
and Zheng, C. [5] found that the decomposition of lignin happened at a wide temperature
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range between 160 - 900 °C. The durian shell fiber consists of approximately 13.6% lignin
[19]. So, the possibility of lignin decomposition is not complete at 500 °C and 600 °C.

oCaCoj; : JCPDS No. 005-0586
A Cay(PO,), : JCPDS No. 003-0681
* KHCO; : JCPDS No. 001-0976
- B o + Graphite: JCPDS No. 001-0640
2 W 7. S
7] o
=
]
=
20 (degree)
(a) 500 °C and 600 °C
oCaCo; : JCPDS No. 005-0586
* KHCO; : JCPDS No. 001-0976
* + Graphite: JCPDS No. 001-0640
+
=
S
e
v
=
3
K=
T T T T T T T T — T

20 (degree)

(b) 700 °C, 800 °C and 900 °C
Figure 5 The XRD patterns of the biochars at different pyrolysis temperatures

The XRD patterns of 700 - 900 °C conditions (Figure 5(b)) indexed the sharp
peaks of KHCO;, which was the major phase. Considering the XRD patterns of all biochars,
it was found that the pyrolysis temperature affects the type of phases in biochars. The CaCO;
phase was the major phase at 500 °C, the sharp peak intensity of this phase decreased with
increasing temperatures and disappeared with the heating temperature of 800 °C.
The results indicated the decomposition of the CaCO; phase at a high temperature of
biochar. The decomposition of the CaCO; phase can be confirmed by the TGA curve of

CaCOs; particles in the research of Babou-Kammoe, R., Hamoudi, S., Larachi, F., and
https://www.tci-thaijo.org/index.php/rmutijo/index
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Belkacemi, K. [21]. The weight loss of CaCO; began to occur at the decomposition
temperature of 552 °C and finished at about 740 °C, the products of this decomposition
are CaO and CO,. The Ca;(PO,), phase appeared only in XRD patterns of 500 °C and
600 °C conditions. The TGA curves of calcium phosphate phase in the research of
Granados-Correa, F., Bonifacio-Martinez, J., and Serrano-Gdémez, J. [22] showed the
calcium phosphate was stable at temperatures below 600 °C and the phosphate ion
decomposition observed at 642 and 697 °C. While the KHCO; phase formed at high
temperature and a thermal stability higher than CaCO; and Ca;(PO,), phases.

Conclusion

The fibers of durian shell biomass contain cellulose, hemicellulose, and lignin. All of these
fibers can be decomposed to biochars, which are carbon-rich materials with high porosity,
by pyrolysis process. The decomposition of hemicellulose and cellulose fibers occurred
quickly at low temperatures, but lignin is hard to decompose due to its highly cross-linked
structure, which could use heating temperature of more than 600 °C. The natural structure
of biobased polymer derived from the biomass can be formed to both amorphous and
semi-crystalline phases of carbon. While, oxygen could be composed in other elements
in biomass through many forms of mineralogical compositions as CaCO;, KHCO;, and
Ca;(PO,),. The CaCO; and Ca;(PO,), phases can be decomposed at pyrolysis temperature
lower than 700 °C, but the KHCOj; phase is formed at high temperature and has a thermal
stability higher than CaCO; and Ca;(PO,), phases.
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Abstract

The objective of this research is to design and construct of water hyacinth chopper.
The study was divided into two parts viz. 1) to design and construct of water hyacinth
chopper and 2) to test the competency of the chopper. The chopper was designed to be
portable, so it is both compact and wheels for moving. The engine is a 6.5 horse power
gasoline engine to control the chopped small water hyacinth into the specified blade sets.
The results from the capacity test of water hyacinth mash were found that the optimal speed
for the water hyacinth was 2,000 rpm. The average time for sub chipping was 28.65 seconds.
The size of the water hyacinth was 13.45 mm. The average loss was 3.30 percent.
The maximum efficiency was 628.27 kilograms per hour and the maximum efficacy was
96.46 percent. The size of water hyacinth after chopped, smaller than 4 cm. It can be used to

make compost. The economic analysis showed that the machine was 0.36 baht per kilogram.
Keywords: Water Hyacinth; Aquatic Weed; Chopper
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Abstract

An annual durable assets inspection in government agencies is normally performed by their
own officers. During the inspection, there might be a mistake in counting and checking the
total number of the asset, or it may take long time since the process is manually done by
human beings. From the reasons above, we developed an asset management system by using
Near Field Communication (NFC) which is a contactless system that working by a short
wave at 13.56 MHz. This system consists of 3 components which are 1) an I-CODE SLIX
sticker that contains tag number, 2) website for analyzing and displaying asset data, and
3) a smart phone that can support NFC application on android operating system. The laboratory
testing result showed that the average inspection time to count 114 assets was 13.76 minutes.
Accuracy was 100 % under a condition that sticker must be on a non-metal surface and

the distance between smart phone and tag was not over 0 - 7.5 centimeters.
Keywords: Near Field Communication (NFC); Android Operating System; Website; Asset
N
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suvdnmsagdamilaelimaTulad NFC Wannuiioannnufianain ans:ezia uasi
anuwinglumsnageuasiag  nndnddedlfidmiilumsnsiatennsimsilszdd
wWaswdumsiauin NFC uupsamaiiousimiueundniusus:uudjiamsueunsosa
wazIulgAmiaNTy  Gusunmilnsdnifiefesuuiniinuuasineiieiviogaseonsiumiua:
dotoyanenlAluiluguioyalrenoasdentoyams 4 s:uanouwivlen wamsnagauiind
srusviesz i InsAnifioforuuinuuuaRnne s RNzaegh 0 - 7.5 wufiuns nsfwiiede
e muinuuAsAmdlafeunniy enduasinraiiuAndulan: Joldnsmuiuneses
sswhowinduagiag  mauiiymimeistinelimsemuiniils:ansamiu  uazasiumifeggs
fuszozAlnsAwiiedeazaunsasmuinld Wy iw3esusueme a:limsnsenteyaunuy anms
naseulfinusiimeluiosufiimenuhszenamieegi 13768 wiidmsumansiasaungine
$119u 114 Gu vIesrmuiniian 7.25 Juiide 1 win
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watduuwimelumsimmnldngnvenn:adunsoduniniunomsiieguninaely

MEAR :  91NENNIRIUNTY; 190, MIuRILDUgNNAY
Abstract

The objective of this research was to study the physical, chemical and sensory properties
of instant organic jasmine rice porridge from broken rice by adding pullulanase enzyme
and dried using drum dryer, comparing the quality with commercial instant jasmine rice
porridge. The results showed that the water absorption index (WAI) and the resistant starch
content of instant organic jasmine rice porridge were higher than commercial instant jasmine
rice porridge (p<0.05). Sensory evaluation revealed that the overall acceptability score of
instant organic jasmine rice porridge and commercial instant jasmine rice porridge were
slightly like (6.07+1.83 and 6.73%1.34). Instant organic jasmine rice porridge with chicken
product was developed by using instant organic jasmine rice porridge as an ingredient.
As a result, the moisture content was higher, while the WAI was significantly lower than
commercial instant rice porridge with chicken (p<0.05). Sensory evaluation showed the
overall acceptability score of instant organic jasmine rice porridge with chicken was
moderately like (7.46=1.20). In addition, the nutritional value of instant organic jasmine rice
porridge with chicken had protein, fat, carbohydrate and energy of 12.15, 3.12, 75.34 % and
378.05 kcal/100 g, respectively. The amount of iron, calcium, sodium, vitamin B1 and
vitamin A were 1.01, 19.16, 1,765, 0.03, and 63.42 mg/100 g, respectively. The current
research indicates that this organic jasmine rice porridge contains high resistant starch and WAL,
suggesting health benefits of this porridge. However, there is still room for improvement in
the taste and texture of the organic jasmine rice porridge to gain the better consumer

acceptability and to develop this porridge as a health food product.

Keywords: Organic Jasmine Rice; Porridge Rice; Drum Dryer

N
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dufsudedrifendunidnnamninuanaions  HdniAndulusnionsuiunsiim
fimmdmiheimniidnmda  wietdlsimuinindeiinsemsodaouiomn Aoy
Frvndamnzaulumainnwanduliafsdisegiadumsdiugaailiduinn wwmomil
TumsnanlindndmsuduemsmoaieniteganwuaguiTaansafedoUSnauioiumu
mstios (Resistant Starch) msthauthishumumsdessiinn 3 dnlnaiinainmssinsnsniu
(Retrogradation) wpasluanae:ilag Tnedlelinnuieuuduiadioviliuiegaudailiuis
Anmsiuing  Bianazesuiodue:ilasin:mseaninaainmsindeoidlniiulasosiowoy
Double Helix Complex duiflunniudoussuazannsanuremssesveseuladld [1] wenainiu
dafimsldewlasTlunsanie (Debranching Enzyme) idu woulosingaua (Pullulanase) doviiu
wulasiiliinius: a-16 vesyaguanuazozilameiu Tnemmsndesldmanglaaiiinnmue
2 -3 e Gesansavindnemwlumaiauisumumstesnnuilssfinfifivmnae:ilageh
TudagiumssniiniinsesfuslanGuReuly  fosmsanuszan  sansanasulumsusmse
sutszmuems ualinfsdnSegudamnzauiusTnannveannie mmzdwsudithe senen
sudszmulimnnm  silieanlinfsdnsagulasuanufiondinmaiy  Tunszuaumsndanlin
AsdiagurasrunszaumswisTasmaiuieuuuganandumasvuisesomienlflums
wanonsiudSigulrsazAunAnAnRnemamatuniialudung  szuuzasmIUR
sofandnmathanuSeuresgnnasmemanuieulisems vhliemsuis Thamnsnszme
sanliatansilusaznmdudy  Joilinuamemnsomnsaseguiaziiunnuien  esn
amssudaiuingnnRslaensenlinarAarian s iuwius - deezunniumslinglumends
linedemauslnauasdvsnmlinuiy Ao oddeisiodumahininiduinoness:a
Sunitimuniundndmnlinivounzadunisasduiegnemeuiowugnnaouaziily
Jinsiauammemenn ad Unaudoimun USinaudefumumsdes  Aviiima
A3AUANBAIASINTNIINEN AFIFEBUIUIIIAIBMITIVNNIINNRDIFANITAVBLIANATOU
#lindeonA uRnARBLAMMNMIUSIMENAT Mniuthl3nivenu:adundansansagUuni
Sunsuuieg q dwsuimammmelnsnmsuazlqss WwewaudunanAuglani oA
SunddnvdnsegUusssalas aduwihluiesianiinemenm i nageuUTEmMAuAE
TnewSouidieuiulininidusaguugsalimemsi  uammageuamAmslazMs  ienaw
TamAsgnruinnenszAuasasezlmiluwauiduiudmiidudnansnizesnay  uazdmiie
Tiduduilaa deesdumainneldlingununsnsignindunisanmani

IngiszasAn1sIde

1. WednnzianiAnemenn i wesUssmdndaoesliniivenu:adunsd
AvdnSaqulsivgosa

2. WelAniaNAmmenn 0f uaslszamdndsoeolinimentzAsunIsoduSagU
Ugo9aln

3. Welwnzinmmmelngunimszeslaninvennzadun3dnodusagulsesala
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ADANUUNTIAY

1. Jen uazgunsal
T1IMNNBNNADUNTE MINNGUININAIYNTUDINONNZRUAIAY 81LNBAY
Joniaunsagdu eulasl Pepsin, Pancreatin ua: Myloglucosidase Zo91nustm Sigma-
Aldrich Co., St. Louis, MO, szmeAanigamsn1 Glucose Oxidase-Peroxidase Reagent
(GOPOD Assay Kit) Fanusem (Megazyme, Ireland) Bray Business Park, Bray, Co.,
Wicklow, Uszindlesuaud uazeules Pullulanase (EC 3.2.1.41) #o91nu5tn iKnowZyme,
Reach Bio Technology, Co., BKK, Usztneilne
2. mawmseslsnimdunignsdusagy
FaininrennzRaun3d 1 Alansusdei 6 ans Aufigunai 90 - 100 sorigaldos
Uszanm 15 - 30 wiii auimgn iliduaiigamall 60 ssmwades uazdosmeioulad
Pullulanase #iszAvsesa: 0.1 iuam 30 Wil wdvntmiludigumgil 4 esmigaden
s 24 lus LLa:ﬁwmﬁmﬁuTﬂaLﬂ%aaﬁmﬁm,l,uugﬂﬂf‘qvu (Twin Drum Dryer, TKKTD3040,
Thailand) fignazgmunadl 130 - 140 avAieaided ANMSITOU 1 F0UABWIT IHlBgaInEn1:
Aanaalinanan (Yield) gomnmanaseadosdu sntuwihuiulindlilioudolugovansou
figaunnii 60 auriades una 2 il ievilinansarianutuanas huaul3adlin
updeeIety  uadlfidumetedmsuinaziuamasoudell  dwsunandmelanivous:a
Ligosamemsmiumanuilagliinsasendngane Stnilinandmainsweouazgmiilas
3. MILATUNEIUNENLAY
maMuissunauE MU AN anineun:AdunIdnsdusazulgosala
Tneismseuwiomedevanieu (Memmert, UF110, Germany) saunaniililumisugouns
WanAieimAmmmelnzmsuazssd Wi deld wasen finves fuven B9 waznszdion
ISUNTIUNFNLAIANITDDO Niyomwet, P., Sappasit, P., Waree, A., and Khongsit, P. [2]
wisielalpedsenld 1 Alandu Wanhazenl5ineg 15 @ns dunde 10 a3y hma 10 05y
MnnwAnIMBgmaiUTnm 80 asralds 15 Wil ANEIrn 50 daAAns 1ABIAe
15 wineugn wsaudnhludnduduen 2.5 wufiwas w02 WuAmAs Muismdeuansau
fonmal 60 ssrmeaden e 22 - 24 Hlus e ldursuwhsdamuiiliiusena: 7 [2]
fwsuuasenuasitnnesmudugniieing 05 x 0.5 x 05 wufuns uszhlisiuletium 10 wi
fusuronuaznTRBRTuLIIA 0.3 x 0.3 x 0.5 WUAWAT Bouaun 0.2 x 1 x 02 1BuAmAS
nmarhwhemeieuansou (Memmert, UF110, Germany) filanumail 60 asrigaiden iunm
22 - 24 i Tug ihdouaznsisuouunsniuliazdeadun
4. mAnTeETRnsmemweilinrennsRsuYEssiS Ul IaLAzURRLLTS
41 maensiamedy Snnsimanuiusesitedislindimeunzadunio
Avdsagulaitgosuazdunanuianuiszes AOAC [3]
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42 myiaAmawmesuenddn (Water Activity, a,) Jnf1 a, BosAl08101dn
FrmenuzadunIdnsdusasUlivsssauazdunELu  TmInAdeUMIBnIarIBmaSuanRIA
(AQUA LAB4TE, dew point water activity meter, USA) Tadaatafigaumaii 25 aarigaidos

43 Fuiimagadiuu (Water Absorption Index, WAD Jnduiimannaduiiznslin
‘?mwawu:ﬁ%uw%ﬁ?'mﬁu%ﬂgﬂhjﬂ@am maovos Anderson, R. A., Conway, H. F., Pfeifer, V. F.,
and Griffin, E. L. [4] 9s13nihiveunzadun3dnodnsagulivgess Usim 2.5 asu idshnau
USnns 30 faddns aadwegma 95 wii Wuna 30 i wasiblliumlssianu$isey
460 xg 1w 15 Wi wemhadulamuuueen uasimaonmuwIBmSanduwEelUFnimin
Anamfsimsnaduihdauman (1)

1NAINREANYUIIBINTONAZNOU - UNINARDANYUNIYG

Fufimanadu (WAD) = (M

ThmindegoSusiu

daumimﬁﬂﬁmi@ﬂﬁuﬁmaadauwauuﬁﬂv‘hmuiﬁﬂm Prakash, S., Jha, S. K., and
Datta, N. [5] thosunanuro 5 n3u ldadlwiiien 150 dafans fuwu 5 Wi wonfmetseanin
Forhmringaine Aufinsaaduii = dmingaie / dminmegouiodudiu

5. msianziUsimaudsionun (Total Starch)

AinnzmSauiononun Tneld Total Starch Kit (Megazyme) msisnas AOAC

996.11 waz AACC 76-13.01 Tnadafedoldndvennzadunsanodnsagulitsssaua:
TEndrmonnzansduiagUlaidgosanonism 100 fadnsy An 80 % omuoaUiung
0.2 findans NmiwAnmsazae 1.7 Tward ladeulensenlondimns 2 fadans niufet
¢ Magnetic Stirrer lughathudsaunssismesen:meiduiomeaii dnasa:moe:dniines
ANULTNTY 600 dadlua1s Usuins 8 dadans uaztAnteulddl Thermostable o -Amylase
U3n1A3 0.1 fadans mumeeulad Amyloglucosidase U3n1as 0.1 faddny uanilldes
gaunniif 50 aurigaidd 30 Wi uiSuYS eI 100 Tadans PmsArTRlEMhma
D-glucose m GOPOD reagent Iasiliamadidly 0.1 fagans nujaserduaisazale
GOPOD reagent U31ns 3.0 fadans unfign: 50 esrngades e 20 Wi ua:
Fammsganauused 510 wiluwas WeudvasazmeninsgiunglagAnminiy 1 Jadnsu
Reofinaang MaumInUSIaulonua (Total Starch) Aoaumsi (2)

Total Starch (n5u/ 100 n5uuds) = AAxemx ! x@xﬁ ()
0.1 1000 W 180
Tneil
AA = ﬂ'wmi@ﬂﬂﬁumﬂLﬁaéml,ﬁauﬁu blank
F = Factor ﬁ’lﬁmﬁﬂum‘hEmﬂFhm'ifg]ﬂﬂﬁuuamﬂulﬂmﬂ%maﬂ
ihmanglad (F = 96.6884)
100/0.1 Volume Correction (0.1 mL taken from 100 mL)
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171000 = mmswdsumbsnnlulasnsuduiagnsy
w = hminuiszesitegslumbeiiagnsy
= Weight x [(100-Moisture Content)/100]
100/W = mmswasumbedu %
162/180 = Factor dmsuiaeu Free D-glucose tUu Anhydro-Glucose

6. MYIATEIMAATILIAS (Estimated Glycemic Index; eGI)

SnTEEmmaihma mudsoen Na-Nakorn, K., Kulrattanarak, T., Hamaker, B. R.,
and Tongta, S. [6] wa: Sopade, P. A. and Gidley, M. J. [7] Tﬂﬂil"\jﬁmeimﬁuqnuﬁa 0.5 n3u
wns1saraoenled o -Amylase (Porcine Pancreatic «-Amylase, 250 giin/fiadnsy,
20 diadluarslanautwnes, pH 6.9 wau 6.7 dadlusslansunasolsd U5uns 1.0 Aadans
PniuAnasazareulesd Pepsin (1 faaniu/fiaqans, 0.02 Tuas HCL pH 2) U511a3
5.0 findans witluungeslu Shaking Water Bath figaunail 37 asrgaidsd 170 tpm 30 il
wazmgamshnuzeseuladfmemsazats 0.02 Tumiladeilansenlsd MntwAnssazae
toulgdnanIziNg Pancreatin 2 indnau/danans, 0.2 Tua1s NaOAc, pH 6) uaz Amyloglucosidase
(28 giln/Hadans, 02 Tua1s NaOAc, pH 6) Usmng 2.5 Haddns awnﬁu@juﬁaaéwa
Unm 100 lulasing wesamuSmanimanglaamieinies Glucose Meter mNTz8z1Ia1
0 10 20 30 45 60 90 120 150 180 210 ua: 240 wiit lawia@ 0 wifi Aemsdufiogs
fewANTIRza1e Mixture Enzyme unzthmanaduiuzenimanglaslundazszeziia
il Digested Starch (%) Tuwaszm TnedeuivuSmaudomonuaild Ao
finl (Areas Under Curves, AUC) wasamaduiunglaaiigngesaannanmeensliniieuiuna
i HI fadasiuszainem AUC pasmetuiiounu AUC wessunisammenuaiiuiua:
nRoTnhmaldnmunmen Glycemic Index (GI) fosums GI = 39.51 + (0.570 x HI) [8]

7.  mywarzadsmautsmumumsdes (Resistant Starch)

Anidsinaudsmumunstes Anwdasmuisves AOAC [9] Tnuldganagdau
Resistant Starch Kit (Megazyme, Bray, Ireland) Tnedoretouiotszanm 100 fadnsu
WANssaza1e 50 Jaaluans Sodium Maleate Buffer, pH 6.0 Usuns 3.5 finaans uanilugessme
Pancreatic « -Amylase/ Amyloglucosidase ﬁqm‘w{]ﬁ 37 esrwades Wuna 4 Falue
TussuazemuaNganai TnenmeentesluwnuensmuiumsAReuinmsslumane
200 stroke/min iloAsu 4 Tlug Wsemuea 95% Usmns 4 iaans Lﬁﬂﬂtgﬂﬂﬁﬁ%ml,l,é'a
ilUiusesinnusisey 3250 xg unm 10 Wi Tgamafl 25 esrigaides Monznoude
Aqueous Ethanol (50% v/v) 8 fisdans 2 seu sintuazawsiunznoumemsazats 1.7 a3
Todeslanson U5mns 2 fadans donznouazmeaunun wnssazats 1.2 a3 Sodium
Acetate Buffer, pH 3.8 151105 8 fiaaans uauaneoulad Amyloglucosidase 3300 ailn/inaans
U3mns 0.1 30 0.3 TnAans Unfigamndl 50 ssrgados Whiom 30 Wi uazinzivinm
1#ma D-Glucose #e GOPOD Reagent
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8. mInrameuanBalAIINTIINIOHEN
nsraseudnua:lassasmondnlininenuzadunidnsdnsegUlilesadie
wplA X-Ray Diffraction TALUARMBEIMBIATEILATIIALLLREEA (Planetary Micro Mill
Impact Force, FRITSCH - Model PULVERISETTE 7, Germany) mﬂﬁumaﬁmauﬁﬂwm:
Iﬂiaa%’mm\mﬁﬂﬁamﬂ%{aﬂ X-Ray Diffractrometer (LabX-XRD-6100, Shimadzu, USA)
Tnein Diffraction Pattern fiyn 26 luts 10° - 80° Tagldanazinszualiih 40 Haduoui
Andlavh 40 Alalaan AW slit 1° AEIluMInsI9TR 0.48° /Wi
9. MIANIIINBUFUIWAIBAITAIVAINIINANOIFANIIAVDLENATOUYTATDINTIA
(Scanning Electron Microscope)
ﬁﬂmﬁmﬁmuaﬁwauﬁﬂﬂﬂaﬂﬁﬂwm:ﬁvuﬁmaoﬁmthﬂ%nﬁnwanmﬁﬁuw%’é
ﬁﬂﬁ?ﬁéﬂgﬂhjﬂﬁ;ﬂm Tneliinses Scanning Electron Microscope (SEM) (FEI, QUANTA 250,
USA) Taen3omatouuunumiveu uasldmaslnih 10 Alaloas Admdsses 150 i
10. MINAFOUAMMNINIIUIZINTUR
ThwanAmanieszadunsnssSaUlilese 10 AN swdsnhieugmmgl
90 - 100 auFaados Usng 100 fadans @nsau 1:10 w/v) uaen 2 -3 wii ansiu
nAgeUAMMNIMILsTNANREAI8T 5 Az uuuANNEoUMuE nAu s HedudE ua:
AnmzouTAEsIM nARBULUD 9-Point Hedonic Scaling 1 s 9 Azuuu (1 wneds ludouanniign
uaz 9 mneforevannign) laeligmaseuiiuguilanmldmm 26 au muisdauaoses
Mayachiew, P. [10]
11. mInARRARANRlINT e ABunsSAvEISagUUgssala
WSBWARAT NI MeLN:ABUNIERssSasUlgesalA Teliidaunaueme q Andiou
U330 100 50 Aopn 3109 1

mywn 1 USmnadiunauveslandrmenu:Rdunsgnodnseglyesala

FIUNNN Usual (nSu)
Wninmeunzadun3dnedusagy 84.5
isldeuusi 2.0
wotqo9aln 4.0
Tsudumien 2.0
AFZNUNHY 1.0
Doy 1.0
AUON 0.5
wATaN 1.0
WAnag 1.0
Ao 3.0
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12. mInsuiAmemnuazaafiveslIndnenn:adunisnsdusagiugssala
JAzinnuiy e a, uasdeiimagaduin (WAD sosldninnenuzaaun3d
AsdiSaguugosalamaisnsluie 4.1 42 uaz 4.3
13. MyAATIERRMMIMILATUING
inAnAul3nineunzasunddndusaguusesalaminsziusmaniniu
o Tsmu losiu mslulawmsn mads AOAC [3] Usmnmmassu Iniud o muis AOCS [11]
Imand1 92 [12] Ysmnawaaden wan don:d [3] YSuaneanasa [13]
14. MINATBUAMMNMIUITIINTURE
ThwaRAulInimeny:RBunsonssiasUlssald 10 asy wiAmhiouammgd
90 - 100 esAngaLdes USAs 100 Hadans @andi 1:10 w/v) e 2 -3 wid iy
nAgeUAMMNMILTTNANREAI0T 5 Az uuuANNEoUAUE nAu s HedudE ua:
Aaulaesan mARauLUD 9-Point Hedonic Scaling 1 Fig 9 Azuuu (1 maned Liweuinaiign
uaz 9 wnedvaounniian) TaelignaseuiiiuguiTaanalusiuou 26 au
15. MIAATIEANDA
shmanases 3 91 namanasesuandlugUAiaie + Aidoouunasgu e
foyalagldl T-Test Independent Sample su3umuUsdas:ii 2 agu finTendes 95% Tnld
Tusunsn PASW Statistics 18 Release 18.0.0 software

wamswﬂaammﬁmﬁﬁ

1. AumwreslanivennzAdunIdnausaguliugose
11 Ausuiivemenmussafiveslindnveny:adsunisnssusagulaigess

TnihmeunzRaunidneduseguligesaimumsiuiouuugnnaeisesa:
HARRAWNAY 8770 TAmutuiesa: 8.88£0.13 FofuAannsgdntes TAMIASgIMNANG
grsmnssulantusiSagUfesinaiulifiufena: 7 [14] sasilEniomouu:aliigsamamsén
finnnduogisenn: 8.6620.03 (M3A 2) FIuANBas: (a,) vasldnimeNzAduNsd
Aodidaguligesaimtesniilanimens:atsdnsaguliusesamemafesnofitesAymonan
(p<0.05) Taefifaga:nig 0415 - 04526 WewSeuisuduimsgaduihnuh WEaimoun:a
Funidnadusegulivgesaiidsinisgaduigeniildnivenn:dfsdnseguliyssa
mMuemsmegoditsdAnusdn (p<0.05) TnedAmnay 7.60+0.04 ua: 6.83+0.03 MURIAU
Mayachiew, P. [10] ﬁﬂmﬁﬂﬁmi@ﬂﬁuﬁmaﬂ%ﬂﬁnﬁaﬁwﬂﬂuaz‘ﬁnmmmaﬁmwhﬁu 7.76
uaz 11.51 muadu dafimspaduiesinlsdiveInefsisiuiowuuganaaiaogludas
6.29-9.90 [2]
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MIWN 2 FouncHawan ANNTY ANNBEs: (a,) wazArdmapeduinveslandvienuzaouNSY

Avdisagulaiugesa
n e o v - WAWAR AT widms:  Aviimagaduh
WRRANNLINT1INONUER
(%) (%owb)* (ay)* (WAD*
sunidnodnsasy luvqosa 87.70 8.88+0.13 0.4151+0.0031  7.60+0.04
nvdnsaguUludgesamonism - 8.66+0.03 0.4526+0.0040  6.83+0.03

newn ¢ deyalinnuuanmoiiegeiiusAumesdanssAuANugeiu 95% (p<0.05) AN

Tng/ld T-Test Independent Sample

12 Usmaudbuazdvinmavedtsnivenuzasunidndusaguliugose

ANuEIIaluMsteszeslaninluszuudinesmsteslunszimzenmsua:
dlddnonmed  TaevmsinsSinanglasivseseenuiluudazdiom (n Vo Digestion)
wuUSmaudonmuauazadeiimazesliniiennzadunisnodnsaguligosaua:
Waihmeunzanodnsagumemsimliunnmoiuethefideddagmoadn (p>0.05) TaadaATludas
86.22 - 86.25 WAy 78.69 - 78.78 MuEFU demAviinma (estimated Glycemic Index, eGI)
dnoglunauenmsfiimasiihmage (Aananh 70) [15] dudSnunglaaimanusesvdomstes
20 wiit usnsdouilofigneaslfiss (RDS) zavlininvenm:AsunidnodiSagulilqsaiimananh
TnimeuuzanssidagulivgesamemsfeenaiiushAumosi (p<0.05) Tnefimioun: 49.74+0.98
waz 42.74+1.03 musAu pmsiivSinanglasianseslutismstes 20 - 120 wiii (SDS)
fimmtesnlEnimnesm:atsdisagUlivgesamomsfetedideddamoadn (p<0.05) Tnedim
Souar 43.98+0.33 ua: 51.93+0.65 muady noieaioananlanimveu:RsuniiniSagy
Liqesafruns:uaumsanneil fimstansese:iilasiimmabianaisuaseenin Tanau1as
lLuAnmsduauiu Amylose-Amylose Double Helix sileuladsusainlianauazanlasoss
uwildlinmeduihmaldetosmss egolsimu nuhmawdenlinimeun:adunisnodisagy
luivgesamemstesniotoulod Pullulanase Fowa: 0.1 Wunar 30 Wi waziluviusie
TnewASoorhuisuungnnassnInsaimssAuuilomumumstios (Resistant Starch) 13 Tnefimgond
TntvenuzansdnSagUllqsamemsmeenaiiiusAmymanan (p<0.05) fim3osa: 0.1320.00

13 dnsadasoasumonanvesisninvenuzadunindnsaguliugoss

WnutsTremluilasens1ouuuiondn (Semi-Crystalline) anwazanandunan
RN EIAITRIR:d lamafuuaresd ladraoulaulls Mnwanmsnaaesnud uledify
Suduianmmnanidusiiae (A-Type Crystal) dousnsiamsideiuusofidndnmunis 15.5°
17.5° uaz 23.5°Theta ﬁ'ﬂﬁﬂwngmmuﬁﬂmﬁﬂﬁwﬂﬁﬁﬁ'umu’?é’waa Pongjanta, J.,
Utaipatanacheep, A., Naivikul, O., and Piyachomkwan, K. [16] Lﬁaﬁﬁnﬁﬂmmuﬂi:mumi
WAnuSouusztosmeeulss  Pullulanase  ienamihilininmennsadunitndiSagulilgss
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(Enzyme-Rice Porridge) wudnsauzfinuu Broad Band (3Uii 1) wwiAendudulinianenu:a
Avdusaguliugasamemsdn (Commercial Rice Porridge) Tnaanuazfinfsna1Iuangiy
msgadslasoasondn (Crystallinity) atsauyssinnsureumswailuduesutissuieman
wazlinuanszrasiingassmwedanaiia vV luliniavenu:adunidnsduiagulivgesa
sulinihmenuzatssisagliugessmemsfmuamwrdnadmeniin V ieadndesiiium
13.5° uz 19.9°Theta FoanvauzAonanuansionstinlaseass Amylose-Lipid Complex
dulassasroutlonugesuvuil 5 (Resistant Starch Type V) [16] mshinulasoadowdn
delAnzidie XRD JeaenadesiumySmauioiumumstesiisn (msoil 3) wgnad
mam3enTindnneny:adunisnsdusaguineismstonsmeoulas Pullulanase fszAuioua:
0.1 Whuna 30 WA wazuddu 4 esrneades Whina 24 Hlue Lifwademsdnlassadowan
fnugoszoouuud 3 enaflesnnszzalumsaniseeules Pullulanase Lifwonelumsan
asdilampiuliine:ilaantomaimnzadlumsduiuiulasssaiie Amylose Double Helix

mywn 3 UsmaudsuacAviiimagesldndnivenuzadunsonsdiiagy

Usunautoniinme 9 (%db)
TS™ RDS* SDS* RS*
sunidnodniequligose 86.25+0.10 49.74+098 43.98+033 0.13£0.00 78.69+0.31
AssnSequligosamomsm 86224010 42.74+1.03 51.93£0.65 0.00£0.00 78.78+0.93

WANAM LANTIVONNA eGI™

nnewa: ¢ deyadinnuuanmonieeinesAymesan (p<0.05)
" gayaliinuuanmienediitsAumeaan (p>0.05) Irs1zilagli T-Test Independent
Sample, TS = Total Starch, RDS = Rapid Digestible Starch, SDS = Slow Digestible
Starch, RS = Resistant Starch, eGI = estimated Glycemic Index

14 dnwalasoaiwaslindnveuuzasunidnodnsaguliugosa
dnvauzTasasszesldninnenu:Raunssnodusaguligosafmunsui
Tasgnna (Uil 2) wuh Tassaseeslandniumsnuislasgnnasiinanamalasnsun
wwuveny sfiswamanyszanm 4 mm fansandundaue 1 Seilildndnansafudils
suysandeilusdluhen  dwsmetulinimenuzanediSaglivgosamemsfaziimnamae
MndAssiuwaidnsaaiumisuua:iioGe sadesnannszuumslumananua:msui
funnameiudoinlifidnsa:lassasoiuanmeiu dedonanemdaiinsnaduifiuanmoiu
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Un 1 anwmclaseadumonanseslingnenuzadunignedsegunsissounIomailna
X-Ray Diffraction (XRD)

(@) TWWndnnenuzansdnsagululgesanisnism

uUn2  anvazlassaieveslindvenuzadunsgnsdnsaguliusssamelandesgansseail
dlnnsoudiingaunsn (Scanning Electron Microscope); mauaeny 150x
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15  AumwnsssamdudamesnanimilenimnennsaduvsenssiSeqlii s

M3INATIUAMAINNIIUS A MTUATDDINRNAUN LINT1INONNRDUNTE
AsdnsagubivgesaSeuidisudulindnenu:ansdnsagulivsasamonisiingds 9-Point
Hedonic Scale (m3167 4) limaeuiuiilumumsindusiuim 26 au wuh inageuiniinamey
AUAAEEIUE nau s wazrameulaesay biunnmoiueenoiiimAumoadn (p>0.05)
Tnel3ninmeus:Adunidnodusagulivsasaiinzuuunnuaovegluiig 5.88 - 6.61 ofluszAu
goudntiosfsreuthunans  dwsulinirmenn:anssusagulissamemsmilsfunnuzeuintion
foveuthunag Taefinzuunedludn 623 - 7.26 sunmansiuleduiaimaseudngoulin
Frmeunzansdnsagulidgesamemamunnnil3ninmens:adun3tnosisaguliuesaood
HeshAMNDA (p<0.05) TnediszAuAnudeuthunals (7.07+1.67) grlesnmsHARINTINeNA
Avdufagulivgesamemanliinsesendngmnes oradenalindndmaiidodudanani
nntuhrarAuglIninenzsunsinshiSagUliussaluiannneTasiludusdwunsumdn
TunAndlaninnenu:adun3anodusagiugssala

MmN 4 AR ImMauATToINanA M langIeNN:RdUNsonsdnSagU iU g0

. Tand1viouNzRBUNTE T9na1viouN:a

AR R . 4 - . v

s n5agulslgess avaaguluygessmoenism
ans 6.57+1.74 7.26+1.48
nau"s 6.61£1.38 7.11£1.10
TRNYIAS 5.88+1.21 6.23+1.21
iiduis 6.03+1.45 7.07+1.67
AU IAeTIN™ 6.07+1.83 6.73+1.34

newe: ¢ deyaiinnuuanAiuegedtuEALMeEan (p<0.05)
s goyalilinnuuanmoiieeiisdAmesda (p>0.05) WAT1AIAELE T-Test Independent
Sample; 1 = Vl.u"ﬂaumﬂﬁq&] 2 = luwevann 3 = luzevthuaa 4 = luveuwanies
5= a8 16 = BoUAniion 7 = 1outhunay 8 = 9ouan 9 = Yaumniign

2. auampaslintnveun:adunisnvsusagiugssala
2.1 AuENUATIMEMWIRZATIT0IRIUNENLAIE MUY 9 sHLn

Sounzwanan ANNTL ANIBNT: (a,) wazABimIgAduBesE NN
dwsuugesala Aamsedl 5 dunsnwisidudndmsudnaammolaznmsuaziAIaoma
dmsuugsafimanmiuedlunarinnsgunandaiasuinuaznalivie Ao LifuSesa: 12
Tneniwiin [17] Tnefialutho¥ess: 447 - 693 fnnaas: (a,) wesingAuimiieend 0.6 Fufim
gz 0.2377 - 04223 Arfimsnnduinoof I unaLuRILARZITANLT FunouuazuATENTIAm
msARduAe 6.2040.01 waz 544+0.13 muidn Tusncivnmesdimasiimsgaduihiineuiiasm
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PR

fin 2.97+0.27 shuipldouwisiimastimspaihivnann Wesanlassaoveielnndansaniy
wulepealusAundunuudwinlasmmnsagaduihnauAulamniinneuumis

MIWN 5 FOATHANAADDIINDAUNAINISYIIUAY ANNTY AIBNST (a,) wazAginmInAdul
PRIRIUNENUIEN DU I9d]N

NANRANTDI x ¥ . - - v %
L. Lo ANNTU WIDHTT ATUMIAATUU
nOAL INQALANINS
! . (%wb) (a,) (WAI)
ML (%)
AUDN 7.47 6.93+1.49 0.3636+0.0088 6.2010.01
LLAIDN 9.20 6.50+1.00 0.4094+0.0687 5.44+0.13
fnnog 14.30 6.81+£1.02 0.4223+0.0089 2.97+0.27
AFZNENUA 24.85 4.44+0.66 0.3063+0.0242 ND
AU 12.77 4.47+0.33 0.2377+0.0068 ND
1n 26.61 6.91+0.47 0.3874+0.0214 1.94+0.05

wewe: - ND = lulavimsmageu

22 pasuiAmsmemwuazaiizeslIninneuzadunssnvansaguigosala

TnfsdnsaguiiunanimremswinlinnmanioningAvuiurazadn
wimhsnwanuwinAusUTaemadimhien  Guanmsliiimenusadundihmsadlien  winily
yursresesuisuuugnnanienlmiamsiugls)  Wulusiumedieliouuious:Tusiu
dundos uazingAude 9 Aemaed 1 Maduihmynaenuiy haas: @) uasdil
magaduthrasTininmeny:asunssndusagUusaliSouiiouiulininnsdisagulesala
momsmn Famsed 6 nuhldaimasdiseguusesalamememiviinuenuiu iass: @,)
ganhlanimenn:adunidnedisagugsaldetnofiteddymoain  (p<0.05) Tnimenn:a
Bun3tnosnSegUiqesslamanlitamiugoninnspuimmuaintion  Aefimiosn: 8.26+0.09
waeghslsimaudmanuiumnilanieuu:annuiduses Mayachiew, P. dofinnudu
Jouaz 8.96+0.04 [10] WARAMNIA a, Hosnd1 0.6 wEASILJUNAIRAMALRITIINTanUIALIL
wzdedunsdlimmsaniadulald  Tndnneunzadunidnsdnsaguussalnfimaad
mapaduinhl3ninAsiiSagUlsssalamemsmetoditedAymos@a (p<0.05) Ty
6.68+0.18 lupnuzAilinifsdusagulsssalamemsmiimaainisaadutinmiy 8.16+0.05
msfinanAmalindrmeunzadunidnsdnsagulsssalafivsmmanuduigouazAaiiniagai
ndumnlEnimasdusaguigesalimemsm  dlesnniadesausmisaamaiiiagnnacua:
AmSTeUMITMEasnnaoald  [2]  AstundsaniliuaulEnnnnsuaumsnuionuugnnig
msiinseznmmMsouieliNAR RN LAARY
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MIWN 6  ANNTU AIBNI: (a,) uasATiinspeduiesldndnenuzadunsonsd gl
Uyosalaua19ndnsdnsegigesalanmenism

. AN Widws:  Ariimagaduih
FIDENY
(%wb)* (ay)* (WAD*
Sntvenu:AdunIdnodnsaguqosald  826£0.09  04916+0.0102  6.68+0.18
Tanimavdnsagulsesalamanism 5.52+0.47  0.3000£0.0122  8.16%0.05

nnewia: ¢ deyadinnuuandgiuedeivediAymeaianssAuANedy 95% (p<0.05)

WATilaeld T-Test Independent Sample

23 pamwnslsssmdudaesianivennsadunignoauSagulesala

NMINATIUAMAINNIIUITEMTUATDDINRNA U LINT1INDNNRDUNTY
AssiSegUusosalanBoudeuiulininnsduseguisssalimemsminedd 9-Point Hedonic Scale
limarouTudlirmumsindudman 26 au wohinaseudilinzuuuanureuliniivenu:a
dunsdnodnsagUigesalamud ndu egluszAvgeuthunasiszoumn doliunnmoetied
tushAymosaiulnimasdiSastilqesalamemsn (p=0.05) fuamENBAEMUSEIR HoRa
wazanugeulassninagevinianugeulininisdniaguusssalanenisfmuinnd
WndmeunzadunidnsdnsaguugesaliuazfinnuunndseofiiadAymoesda (p<0.05)
faman 7 naseuinzeulinimenyzAdunionsdisesuisssalamusand deduda ua:
ANugevulausaneylussAvgeutunaty  Tnedinzuuuniny 7.03+1.45 7.42+1.30 uas
7462120 musAy swldndnfsduseguusssalamemsfmeglusziveumn Tnefinzuuu
WAL 8.46+0.81 8.3140.88 ua: 8.31+1.08 mmmAy eralasnnlininfsdnaguuosala
memsmimadndunauieinssninuiugninaesin  dedonaremssuisanioes
Anaseudy wennnulindnisdusasuleslanomsi dfuimsgaduifnd wandme
JoiimanoodaiA  JodonavilifiiledudanAng Mayachiew, P. [10] yhmsnagauAmnIn
molszamauAFanan A lanIIRaNd ARz ANTeIzAUSosa: 0 10 20 uA:z 30
Tne35 9-Point Hedonic Scale zosandnwazluiud nduse oduiauazmssensulnesm
wuh Tnimdsineanauamiasiosa: 30 fnmdnvasmuigogavindy 7.7 TSainnenu:a
weNimADISeR: 20 fRzunumiszonuEnyMuARuITgeigawAY 8.2 Tindndainen
finzuuumisresnmdnsasmulodudagoigaundy 8.6 wa:lindndeineanandindan
Soua: 20 fRzuunaATasAMRAYAEMLMITaNSUTMGINIAVNAY 8.6 Tuaslinzuuude
YOIAIRN YU MUMIBaNITUTINDRI IINTIHITVen uazlantIeuNzauna 7.9 ua: 7.7 musey
Foldninmennzadunsdnodnsaguiesalanlinnnuideiiinzuuuanueulaesin (7.46)
TnaAssaulandveuu:a (7.7)
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MIWN 7 ANENBUN U RIMANATDOINANA N9 LaNT 1 IoNN:RBUNSONsd IS 3UUu9a]n

TBnimveuuzadunss  langnassnsaguigosala

HATERE AvdiSagugosala MIMIA
ans 7.50+1.39 8.11+0.90
AU 7.23+1.42 7.69+1.59
SRTIR* 7.03%1.45 8.4620.81
iodudis 7.4241.30 8.3140.88
AnugeulausINt 7.46+1.20 8.31+1.08

nnawig: ¢ deyadanuuanmgiued it Aymeaan (p<0.05)
- gagaliiinnuuanmeiueeoiisAmmosdn (p>0.05) A31ilagld T-Test Independent
Sample; 1 = Vlsiﬂauuwﬂﬁqm 2 = lgeuwnn 3 = lugevthunaw 4 = lugeudnilos
5= 108 96 = gouidniien 7 = gauthunais 8 = wawun 9 = daumniign

24  paswnslngumsveslanimveunzAdunianoanSagulgesaln

amAmelaTmMssesnAnduilanineun:adunisnodnsagulsald
1 goa fmiwiin 35 n3u TasUSnamsemandn WA USNmussauasimiiy famaoi 8
nnmsAnmammmelasnmswanduilanimeus:adunssnsdnsagulesalanuilusiu
losiu wazmslulawmsaumau 12,15 3.12 uaz 75.34 fo 100 N3N MUEIAL NAHAMINAGBINUT
Unalsfueglunarinnsgueasmnssunaniunlinasiisasulaeezsosiilsiulitioonh
Souaz 8 Tamviin [14] uazwdsmunovun nasnuanmilulawnsn uaswdsouainlasiu
vaenAnAuRlanimennzadunidnsdusagusesalafiaumau  378.05 301.36  ua:
28.08 AlauAnadne 100 nsu musAu 13aivennzadunidnsduseguusssalaindsou
378.05 Alaunae3d Usmauwnan uaadonus:lodeslundnimalinimenn:adunsdnodusagy
Yusalaumau 1.01 19.16 ua: 1,765 fin@nsume 100 n5u mMuaAy USnadanindl ua3miue
unNAY 0.03 ua: 6342 Raansusde 100 Ay aenalsimu MARAMIIAIAALMMILATLINST
Linimiind uwa:d2 luwdndmalininveus:Adunidfadusasulsesals Niyomwet, P.,
Sappasit, P., Waree, A., and Khongsit, P. [2] Fiﬂ*i:nammwmaLﬂﬁ“ﬂaowﬁmﬁmﬁ%ﬂﬁﬂﬂsﬁma%
AsdiSagtanmsdinnziesusznoumaail wod lesu Tusiu @ wiule msTulawse ua:
wiaudAwnAUSesa: 2.17 13.53 7.54 69.32 uaz 394 AlauAsad mudIAy
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MmN 8  AmAMILATININARANN AT 1NBNNRDUNITAEIL5a U 0swln

#1505 USuame 100 A
TusAu (n5n) 12.15
logiu (nsw) 3.12
m3lulansn (nw) 75.34
Wﬁamu‘ﬁmnuﬂ (ﬁ‘[mmaaa'%l) 378.05
wasomanm3ilulamsn (launaasd) 301.36
wasomanlodiu (launane?) 28.08
wan @aansu) 1.01
upaLdoy (Iadnsw) 19.16
ToRsy (Naansw) 1,765
IAud @adnsn) 0.00
IMaudl (Wadnsu) 0.03
AIMAUD2 (Wadnsw) 0.00
AMAUe AIRNIN) 63.42

Rt

Tanthmous:AdunidnodiSegulilqesafimaenuiugoniinpsgudntiesuazduimanaduih
genuazAnidaszmnilaninnenuzatsdusaguligesamomam  ainimeus:Adunid
AoshiSagUlisosafiomnamieysanm 4 mm ansaaihundaug q dednueAonaidonali
arduinlan  wazdelivSnaudshumunstesgonhlininmesm:atsdnsaguligesamonisé
GumanAfosiunanTReUAnsalAseE omawAnlAE s XRD  flinufinmadenuusofiand
fusnsfomainlassaonanzasuismumumstesuuu 3 MMMmamAEUYsTEMANRENUT
WnagoudndanudeulaesiveyluszAvreuentesua:luunnasnuedsivedAmymoain
(p>0.05) MMIRAHARFLTInNTeNLEABUN3EneTISagUUesalA TRethduwanuioms 4
MHENANSATELATINANYT ANNEN uazAnhdsszaeslinivennzABunIanESgy
Ugesalafimgoniildninednsagugesalinomsd  daudiimsgminauiarind
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Abstract

This article aimed to propose the guideline for selecting academic personnel in computer
with K-Means combined with Association rules (K-MAs). Data were collected from the
questionnaire on computer instruction according to curricula approved by the Office of the
Higher Education Commission (OHEC). In this study, key informants were academic
personnel of the Faculty of Science and Technology in Rajamangala University of Technology
Suvarnabhumi that encountered problems in the differences in instructional ability, causing
the difficult and complicated instructional management that will affect potential curriculum
improvement. For this reason, the researcher searched for the solutions by using K-MAs,
which dividing data set of academic personnel method adjustment of K-Means combined
with association rules. However, K-Mas could produce the results that consider the
importance of the instructors and know the group members. Besides, the rule of associations
indicate that members of the group were able to instruct the same course. Therefore, it could
be concluded that K-MAs technique could be used to support instructor management under
the balance between instructor competency and proficient profession and to enhance
human relations with fellow scholars due to the realization of professional groups. The results
of this research showed that under the classification of instructor groups based on suitable
professional group, there were five professional groups. Up to 3 instructors could instruct
interchangeably using 18 association rules. The evaluative results of the web application for
selecting academic personnel indicated that overall evaluation result was at a good level.
An aspect with the lowest mean was clear and easy-to-read size of fonts (mean = 3.71). An aspect
with the highest mean was accurate instructor data (mean = 4.86). Therefore, it could be
concluded that the developed web application could be usefully applied to analyze

computer instructor management methods with K-Means combined with Association rules.
Keywords: Data Clustering; Association Rule; Computer Course
N
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A=0 14 ==> D=0 14 <conf:(1l)> lift:(1.29) lev:(0.07) (3] conv:(3.18)

A=0 B=0 13 ==> D=0 13 <conf:(l)> lifr:(1.29) lev:(0.07) ([2] conv:(2.95)

A=0 E=0 12 ==> B=0 12 <conf:(l)> lift:(1.33) lev:(0.07) (3] conv:(3)

A=0 E=0 12 ==> D=0 12 <conf:(l)> lift:(1.29) lev:(0.06) [2] conv:(2.73)

A=0 D=0 E=0 12 ==> B=0 12 <conf: (1)> lift:(1.33) lev:(0.07) (3] conv:(3)
A=0 B=0 E=0 12 ==> D=0 12 <conf:(l)> lifr:(1.29) lev:(0.06) [2] conv: (2.73)
A=0 E=0 12 ==> B=0 D=0 12 <conf:(1l)> lift:(1.63) lev:(0.11l) [4) conv:(4.64)
D=1 10 ==> A=1 10 <conf:(1l)> lift:(1.47) lev:(0.07) (3] conv:(3.18)

A=0 C=0 9 ==> B=0 9 <conf:(1l)> lift:(1.33) lev:(0.05) (2] conv: (2.25)

A=0 C=0 9 ==> D=0 9 <conf:(1l)> lift:(1.29) lev:(0.05) (2] conv: (2.05)

. A=0 C=0 D=0 9 ==> B=0 ¢ <conf:(1l)> lifct:(1.33) lev:(0.0S) [2] conv: (2.25)

. A=0 B=0 C=0 9 ==> D=0 9 <conf:(1l)> lift:(1.29) lev:(0.05) [2] conv: (2.05)

. A=0 C=0 9 ==> B=0 D=0 9 <conf:(1l)> lift:(1.63) lev:(0.08) [3) conv:(3.48)

. D=0 E=0 23 ==> B=0 22 <conf: (0.96)> 1lift:(1.28) lev:(0.11l) (4] conv:(2.88)
. C=0 D=0 E=0 16 ==> B=0 15 <conf: (0.94)> lifr:(1.25) lev:(0.07) ([3] conv:(2)
. A=0 14 ==> B=0 13 <conf: (0.93)> lift:(1.24) lev:(0.06) [2] conv:(1.75)

. A=0 D=0 14 ==> B=0 13 <conf: (0.93)> lifr:(1.24) lev:(0.06) [2] conv:(1l.795)
. A=0 14 ==> B=0 D=0 13 <conf: (0.93)> lift:(1.51) lev:(0.1l) [4] conv:(2.7)
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Abstract

The paper aims to compare different lossless data compression algorithms. These are used to
reduce the size of data before transmitting it over the Internet. Because the data is preserved,
it can be decompressed and restored to its original state. Facilitates fast and efficient data
transfer in web applications. In this research, a total of 150 files of 3 different file types are
used including text files, image files and multimedia files. Five lossless data compression
algorithms including Huffman Coding, Deflate, BZip2, LZMA, and LZ4 are studied and
compared. The compression speed, decompression speed, compression rate and total
processing time are employed to evaluate the algorithms. The results show that LZ4 algorithm

produces the best overall performance, with the average of 7.6865 second.
Keywords: Data Compression; Lossless Data Compression Algorithms; LZ4 Algorithms
N
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TngldndnmshanuAniieusesdoyadnieadufoneensuld wu muesiusdlisnsousn
AMULANA19Besuad lanue Aludududeonudeyannd aztiumeganldlsannm JPG
linmstiudndeyauuudaunodiu asnlildmnalidnmidnacnnn witgydeneazdeamnseg
luguneumstusauazamedenalunsei e:lfdanesinmsdvdnligudedeya
$1uu 5 dana3iu Aol
1) dane37u Huffman Codes [6] Aamaiihsvauuy Huffman umslisviafauah
wnudansaiantutes  Tneeslimulisesmslumsasusvsvesduansaiusazmnszaeluiv
FoyavesTnunluiidenediumilicesns (Binary Tree) udn:zlnunaziiihminimuneydoife
auivsernuhaniusasmsunnguesdudnuaiin 9 Tneiismsasemildaod 1) mwuals
nn q duansaidulnuala 9 2) m 2 Tnuala ¢ Afdvdadesiian 3) a51Tmuawidmsy
TnunsosTnunillaeiihminuniusaszeniminzesmuagn 4) dwualimauiudulmela q
uazihlnungnesnanivuala q 5) Tnungnivuanisezgnamunliineniiuannuau
dlevnmsnensiafmedn 0 wazdnlnuaazgnimuamedn 1 aunhazmielnuala q nilolnun
Folnupiiazgaimualidusnvesiulinumneds massosuliesedu
Sane3in Huffman Codes ifludana3fufisnnsaiudnteyslaidu ASCII I
swSunn uazszinsamlumstudmilfnafidesnnssinsansiu Symbol novuaiiulld
(A-Z, a-z, 09) mlnlumeeiinisAum Symbol wilourusane3nubY 9 unsanas Rl
mstiusalwdanmdn WesmmenlAlvaitueniiomnalidndsnnmstusaiimmaiuiiinbu
2) dane3fin BZip2 [7] Asdanasniunmsivondeyalauliisnsweslnddmes
(Burrows-Wheeler) wazmsithsviauuy Huffman TnetnfmsfudndoyauuuiiazAnimstivdn
dayauuy LZ77/LZ78 uazivsz@nsmwlnatAssuuy PPM wasmsivendeyalaeldada
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UALFINTIMIAIUIRT Bane3u BZip2 a:iszuianateyalasulsdayasenidudisuaensuin
100,000 - 900,000 lufi TuegiuFdsnRBmIAzsURBNIzIMAY 900,000 Tuf MntuazeuToxa
AsIaz 5000 luAaunhazAsusnfuawnnzesufeniiimun uaslssnanalivdndoyauasfouioym
Alusaudnuumbeiuioys suuineluGes 9 aunhufenieyaezgniiudaieyauiinomun

danesnul BZip2 idanesiuivdntoyalaelivanannnldlumsdnnuioys
Jodonalinmstudadidnndiumsiivantoyaiia  waddpmlumsldnalumsinumaiu
molumstudauazmspmeioya

3) dano3im Deflate [8] Aadana3iuimnmariuiuesdanesim LZ77 uazmaiinasi

Huffman dane37u Deflate afinsnsseaniiuuientes q viena: 32 Alalus Tnousszuiontiu
9 liud 4 luflumsifiuszesme (Distance Code) Tneiduszazmoniazgaunidl uazsnansaiu
Symbol flazgaunudils 288 Symbols Tasfidnmsrinude azAndeyasenduudentes q
vdena: 32 Alaludren nduusauionelidanesfin LZ77 lumsmuiiendes q Midathiu
Tudneaeizeni Sliding Window wivhmsasemasiun ey Symbol WRMHIINTIL
9z81519m1579 Distance Code ifioifiuszazmofiaziinluunudl Symbol fiszulilufdexys

dane3fin Deflate flanadmnlumstvdntoyaiidudnsaluuni
gonASA 7 unsanesivilimnziumstusalidnadnuaclvdenss esanieu
Ithuasseadeinuilumsasis Header Ao q lu udazufionsnnnigane3nuau 1

4) dane3iu LZ4 [8] Aedanesfiufedluns:ga LZ77 Milumsiudnieyadooiy

fnnuismesmstudnieyaunzaansiiaieya Aummiidideudu Taue1ds Hash Table ua:
Lifumanuiululinomuasesmaidideudu uazhmsiiveniuioyaluszaulun

Foafigniiudn (Compression Block) wes LZ4 tiutlszneusie Sequence iy 9
Sequence (3uasiaiu Tuura: Sequence u Aegawas Literals doiiuduiiligniiusnnde
Fouailith mufmesudlilumsAnaen Match (fufis:yfiomsthesieys) luure: Sequence
903U Token Fofiown 1 Tud @dlu 1 ludtazusneenunii 2 fiad Foude:adiown 4 Tn
uaziiAogandng 0 - 15 Allu Token wwalddwsuszuanueniuazdiutsznevan 9 lu
Sequence du Taw 4 Dausn (High-Bits) Huszvendonnuenives Literal ua: 4 Davds
(Low-Bits) Huezuendenuezes Match Fuanuenives Literal ua: Match tu v
{fiundn 15 a:fd Literal Length indusn wisiiuAianuezes Literal Tnoudaclud
azfiuAld 255 e Literal Length #Anuenmnndy Assnsaifinewinves Literal Length 18
Tnelaildsinamald (No Size Limit) 910 Literals fie Operation 7il#lumsfinaen Match
Fni5ua1n Offset dofinwin 2 luA uvu Little Endian (lufiusnfia Low lusifl 2 Aa High) T2y
fiuAuniues Match ﬁqﬂﬁauﬁmmﬂ Literals @ 1 ninefosunioilagin au 1 Byte ua:
AgoaAzas Offset An 65535 lumsAuamAnuevas Match a:lifladfinasuas Token
Fodh 4 T (Low-Bits) Tneanmemiiitiesiigauas Match v 4 lud Suad Min Match
FAotiud 0 Fovaneds 4 1o uaz 15 wnede 19+ lud Genmsasenelinndulfduiendiu
flu Literal Decoder anunsasaiotayanuaiiunludoyadin Offset uazA11M819909 Match
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dane3iu LZ4 finnusalumsdven 500 wnsluaneiuiidenss wazeusn
Usuanusuiinlidoinzdaneind  lnuamshouzesdigiinaenes wazinnmssly
mautasteyanduiuansasiladoanusinesusuiiilnion
5) dana3nu LZMA [7] Aedanasnumsdudauuunamunsueylunszga LZ77
Gowaamsazgrinsvimmesinsisuuuiuing  Tngliuuudmesidudoudoimeniuhaziu
soowinzin miudamauynsumumsivdlaslilassaedoyanamnunsuitudey uazasodyanyel
msednAsIgnihsianSezniioin lumsbudn LZMA anduiignivsaduaniumesinineia
Tneld Coder Range wuutuiild andnazgnuiiseenduuinin wiszuininaziiownanislus
winzsuTeIwRURNAngNIResfeUS UMY Anumsynneamuhaaiudmsuwiazintiu
Aasfimudunusiumzeeiang 1
gane3iu LZMA fisasmstusainniidane3iu Bzip2 Tnsawizmsiusalng
fuflussnndeanusssua (Plain Text) untaifounsdanaiiuiiforaomninengiaiasn
somielszananats (CPU) uazniiaoanudman (RAM)
dwsudunoulumshnummsneseneazden Tand
21  maiiudateys dusureuEusnnglinunmsdenliairesmseunan deld
andulmaaindnfuiedonsmsdusaseuies  MntuazmsUsznanamstudnteyamy
danasniuiglioudosms emsdsananamstvsnaieiu Idadeyaszgaiuiindaiv
Tnswnanalvddeyaazaememedanesiuiimsiivdaiunmennlndiena Tuduneu
madudataya (Compression) azUszananamamuiaIasuimaiu Tnoindesiieiiinld
Tumsnageulszansmwmsnoilutunenil SnmautRfodl
- #13Auas indpomeniwme3 Notebook Usznaulufe @iy Intel Core i5-2410M
@ 2.30 GHz wiheanudvan 8 GB ansaaanouin 500 GB
- ganAwd szuulfuAmMs Windows 10 Professional 64 Bit, Visual Studio.Net
2019, fimumems1 ASPNET Core MVC, Internet Information Services (IIS) 7.5, Browser
Chrome Version 14
22  mseawedeyn ituneulumsameteyaiimsiusanui  TneEuimeho
pRsnnlsunsumailnanlid  snnFesuimedvanndaiuiesesilinuien  andulsunsy
yhmspmemstusateys  Tnemsnsgeuwmanalidion  desnnumsnalvidenssivhms
Tudntoyminuizisuonsinossanesnuilflumsivsn deludnmedaneiiula | feoims
ABMItudamodanaiiuiy | aue lusureumsamedoymeslsananamainnuiiaios
Hl#ou (Client) maUsznanamavhouindesglinuasilifids:ansmmnnanimsyszans
HaMINLA3ouIMsy Wesnnlunsdiniglinusumafosmsnainanlidenas
Wlfnunden q iy donsliieZesu3madivfestsnanateyalunme 9 dureu doe19azdnali
UssEinsmwmannuanas  Anlumsideasiisladenlimatialumsameteyaiinieoilinu
wnzasilimahnuzesaiesuimady SussEnsamanndeiu TasnTesdiominldlums
nageulsinsammainnuluduneuilinuanifsodl
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- #3Aw3 wsasAeNiwe’ Notebook Uszneuluse e Intel Core i3-2410M
@ 2.30 GHz wiheanudman 4 GB esnaanouin 500 GB

- gaWAws szuuUfUAMs Windows 10 Professional 32 Bit TuUsunsus1msu
Tnanlnauazmsaaedoya (APD) Wawnaie Visual Studio.Net 2019 Mo CH#, Browser
Chrome Version 14

23 mysu-dlnstonmiuSuueunaiaiu ummeulumsmeleufeyanniazesuims

Gulvdaedeodlion lumsdeleutonnazeenuuuTsunsudu Web Client Tagssnsausns
swazdontureumIauld Aogui 2

Choose File " Get File From Web Server| ==
—> 0 - » B <
Web Browser o
\- -
q ] File Download T
(IIS Web Server)

T With Agent Program

Get File (Compression Data File)
Save to PC

S R -

<#-Decompression File— l
File Server

U2 umeumssu-silnadeyanuiveUnandu

ngUil 2 uanssuneulumsdeleuteysnniuweundniuluiinieodldn
TrduAumsnounaglinuihnmsaandenlnddoyafiresmsmailnan  91n1emslig
fugaouuduwetndady  anduldsunsuasimsdeamadives (URL) Tiaulusunsy
milnanlndionas (APD dielusunswinmsariiinanlidnnaissuimsivasniniv
fseodliouaiadeuion Tsunsuasimanmemsiiventeya uaziufindmivlndioya
MA30oRldnu
3. matsafiudssAvdammannu dwsunuideiliihmsuowendureunsyinu
oanilu 2 nszaums fie 1) nazvaumsolnanlndua:dvdndeya uazinUssansmmmsbuon
2) nazumannnanlia Mmepaieteys ua:mIsu-solWarmnuduteUnanil uazInUsmnsnn
MINIIY
TAduatuilazinUs:ansmwmsousimau 4 fdia Aoil
3.1 myIaanusinsivdnteaya (Compression Speed) [9] - [10] Apmsin
anumslumstvdatenadoiudnadiusmiusnuieyauaznmililunsiivindeya
fimbeduluadeinmiideaumsa (1)

File Size

ompression Spee Compression Time v
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- File Size A swndeyanaunsbudn dnbeaulua
- Compression Time fin pmiilflumsiivdndeya Tnaduind
32 mymAnusInsAniedoys (Decompression Speed) [11] - [12] fiansin
austlumsameteyn dndudandusrhSnaieyauaznaililumsameieyainie
duluaredund Asaumsi )

File Sizel

Decompression Speed = - - 2
P P Compression Time @

- File Sizel Ap swndeyanasmstudn dnhowdulua
- Decompression Time Ao naildlumsamedoya Smizeduiui
33  myindandumsiiuéatoyn (Compression Ratio) [13] dousnsiissiuiu
Fayafndondsnnmstusn Anuduiusdonaaeyluguesiesazamnvasioyan iy
(File Size2) unzzmnzosiayaigniusnual (Compression Size) Asaumsi (3)

Compression Size

. o *
Compression Ratio Filo Size 100 3)

34 vWNANTEUINMS (Overall Time) [6], [14] Aararsiuvesszuunldly
masudeyaanAIosnumslidanIostaianie AvaunIsn (4)

Overall Times = (Compression Time + Processing Time) +

4

(Decompression Time + Transmission Time)

- Processing Time Aia nampzoosusmsivldlumsdszniana
- Transmission Time fio aMldlumsdtoyaamasesaumeludoaiens

AN

IMMIBINUUULANAIRULUNRIATULR: nAsaUInUsAnsmumsluonteya tngldlnateys
Tumanaseuonun 150 Indteya uazdausnludmunmianglud dsil 1) mnalvdenas
i 60 lutatieya 2) nualuagumndnm 48 Inadeys 3) nunaliadantriedon 42 Tniateys
nntwihmanageuiieiaUszaniammainnu Mmemsinrnmslumsivn anumsilums
ARIBYBYA BAIRIUNTIUEA UAzINITINMTNIIUNNNTZVIUNST  IABEINITOUEAIHE
managoulAnsil
1. wamsidseuisuanusimsiuen (Compression Speed)
iumsiamamnudimlilunmstvdatoyn NnEuAuauRugAMsTUsAToyn onadns

alaezinhaduluanedmd Tnesusauansnanmsnagevlanemsien 1
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mMywn 1 ANNEINMsbuondoya

ANUTIMsivanteya (Byte / S)

DaNDINY —
Multimedia Images Data AR IIN
Lz4 133,034,743.74  65,835,663.25  42,744,585.52  80,538,330.84
Deflate 23,073,507.59  32,384,160.89  20,504,606.93  25,320,758.47
Huffman Coding 2,371,039.79 2,303,321.63 2,120,797.02 2,265,052.81
BZip2 1,023,002.04 1,608,261.90 1,408,694.51 1,346,652.82
LZMA 830,718.02 840,928.95 783,964.60 818,537.19

MR 1 usnskedwsmsInAmslumstiusalidtoyn neamInAaaswL
fane3in LZ4 sansmnanmsilumsiiventesafngannnuiuaie 80,538,330.84 Tudmeiuii
uwazdowudeanedin LZ4 aunsavianmdalding 3 manglia Tnemnalvddafiie
fiamuSauane 133,034,743.74 luareini mnalidenssanusimnag 6583566325 lusraini
maﬂlwg\?gﬂmwmmﬁamﬁﬂ 42,744,585.52 luanaduiin azmulain danasny LZ4 dAnNus)
Tumstiudniigonhdane3imou ¢ Wuethonn Tnefirmiennnidane3iu Deflate TmAUdAM
finnasuade 25,320,758.47 ludnedndi

2. wamstﬂ%amﬁauﬂ'nuﬁ'smiﬂmﬂﬁ'ay“n (Decompression Speed)
iumsiamanudiililumsametioyn NnGEuLauFugAMIAmToNn Jonaans
pliaimbaduluddeind Tnesnsauaaowanisnaaoslifaonsiad 2

MIWAN 2 ANULTINIANITOYR

ANNLTINIARIETaYa (Byte / S)

DaNaINY . 2
Multimedia Images Data ALANTIN
LZ4 763,951,843.31 104,543,522.90 297,746,985.22 388,747,450.48
Deflate 162,223,009.27  51,296,907.76 ~ 87,952,600.45 100,490,839.16
BZip2 3,541,681.15 1,291,306.45  2,569,048.82 2,467,345.47
LZMA 3,022,228.02 1,607,089.16  2,382,631.09 2,337,316.09
Huffman Coding 161,432.40 83,929.44 90,452.61 111,938.15

P07 2 LEAIHAANWENITIAAMNSIIUNTARINTONA INHANTNARDINUT
oanesny LZ4 ﬂﬁllﬁﬂ‘ﬁﬁﬂﬂllL%ﬂumiﬂmﬂ"zllﬂﬂgf\]ﬁﬁ@ﬂﬁﬂﬂuL%’Jmé‘ﬂ 388,747 450.48 luamaIui
uazdonuidanasin LZ4 sunsoianuialding 3 mnanglia Tnonmonliddaniiie
fiamuSuann 763,951,843.31 ludre i wanmlvaeassanusaay 297,746,.985.22 luma i
wmﬂvl.w&gﬂmwmmﬁamﬁa 104543 522.90 lusma il uRznnamsnAseslumsen 1 us: 2
aniulid danesin LZ4  e:fanmsilumsivdauazaaedeyaiign  annansnaaes

Seksit Podchaman and Jaree Thongkam
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 13, No. 3, September - December 2020 129

anusalumsameioyn ane3hin LZ4 fanaduinniidaneasiu Deflate AfisiAudam
finnusuane 100,490,839.16 ludneiui iiesansanesiu LZ4 fanusilumsivsauas
Ametoyaiige Bolvanfiowialnaaoud 10 wazluAduld asviviusesdaneiiufesi
AU RNndeiu annoadosilflumsnasesidigiiduwuuiaines sanesin Lz4
snsavhanuEIladnunm Jodonarilinamsnaaeonuh danesiin LZ4 fanuduaieiinngm
molusmumstudauazmsamedeyn  mnnaanslumsinnnudilumstudnauazmsnamedoya
finnusenadeoiunans3doi3es A Critical Evaluation of Lossless Algorithm and Its
Applications [15] @slfmimsnaseuwSeufisunsivenuuuliguedaya Tnamsldo
matiudadoyalusuunudsdimsuanifsudoyaiuiulnsdwiiede doldnaansiduiendiu
unANLAdEatuil
3. wamsiSeuieunsisiunsiudnteya (Compression Ratio)

iHumsinmannsuiniimmalrdaomiendsnnmutunoumsivenlndioyasui
FowadnsmsSeuiisvdnndunsivdnlnddeyanlieiinioduiesazvosowinlg
FoyarnAn TnedsadsUnamsnasadlifomasd 3

MmN 3 anndwnsivondeya

annshumsivondoys (%)

DaNDINY —
Data Images Multimedia A @QEIN
LZMA 73.05 71.03 94.72 79.60
BZip2 76.47 76.51 94.82 82.60
Deflate 76.21 77.20 96.81 83.41
LZ4 80.01 85.99 98.77 88.26
Huffman Coding 111.43 109.10 98.65 106.39

1MMI7 3 udnetayasnTdIuMstuandeys nanmsnaronSeufisudnTEIw
msbudndeyasziudanesin LZMA, BZip2, Deflate, LZ4, ua: Huffman Coding wudl
sano3i LZMA fignsidiumsiivaniitiosiigalu 3 vualwa Tnewas 79.60% sanaiiu
BZip2 Tneiade 82.60% dana3iia Deflate Tnawnde 83.41% dane3iin LZ4 Taoindy 88.26%
uazdane3fin Huffman Coding Tnewfe 106.39% waznuimsnalwaisisnsdumsiveaitionign
fin nalwdsuawlnedmnis 71.03% dmneanuidoili@enmsla | iuns:uums
fudateynezilifomnidnas Defidnndumsiivdaitosfaziliomalnddnadluies
Aodumafinsaluiumsanouiaveslid  dane3fin  LZMA  Jefiusz@nsamianan
NnwamInARasdowudane3iin Huffman Coding fdnmsumsiidnidmmniignlnoriaie
106.39 % nolummnladeyn mnaldsunm wazvmalwdiafiide wwadelndfiounnlng
fmnmstusalngenuhonalwanassnduaneiimnanlnaiunhlidsuaty  wieswalndanas
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wilsinnin wmszasiudane3fin Huffman Coding Jslimsihaniiudateyaiiiuanomnlia
nnnadwslumsindnndumsiivdntoyainnurenndesiunamsideidas The Application
of LZMA Algorithm in ISCS Based on Pretreatment [4] @litmafivsauuuligadedoys
Tnliimsiivdndoyaluszuu ToT (Internet of Things) Fufimsuanideuieyannislaadus
wazHod@sniesvesmssudomosalminduuuy XML wnilu JSON doldnaansiduieniv
unANNITRTUi

MmN 4 dndmnmsivondeyausnmuseInliaeya

ansEumIduendeys (%)

tossnlna
LZMA BZip2 Deflate LZ4 Huffman Coding

1-5KB 60.09 102.31 60.86 69.53 379.54
5-10 KB 74.03 81.35 74.21 79.42 124.56
10-50 KB 48.05 53.49 49.87 53.26 78.21
50 -200 KB 76.73 79.76 77.75 80.30 97.37
200 -500 KB 79.74 82.01 81.65 84.17 95.40
500 - 800 KB 95.06 96.37 95.77 96.90 100.23
800 - 1000 KB 76.94 78.37 80.47 84.46 94.43
1-5MB 70.31 71.71 73.92 77.92 89.35
5-10 MB 75.86 79.83 82.16 86.79 91.82
10 -50 MB 85.14 85.56 88.00 92.02 97.26
50 -60 MB 89.37 88.83 92.65 98.13 98.65
60 -70 MB 83.28 83.22 90.29 97.85 98.32
70 -80 MB 89.81 85.39 91.65 98.28 98.25
80 -100 MB 79.91 80.73 86.57 91.98 93.53
100 MB ?;uvlﬂ 83.61 83.47 89.55 97.42 98.17

ﬂ'naa'ﬁli’m 77.86 82.16 81.02 85.90 115.67

nnwamanaaadlum e 4 ugasrnsunsiusadeyalnemattuenmuBnA
#lvia 15 Faslwa wunlwaswn 1 Alalua - 50 wnlua danesnu LZMA finmsiuondeya
Iinnnidanesindu | dane3fiu LZMA sunsafivdalvadoyanfifloniiuionnusssum
(Plain Text) 16A Tnalndnlflummasesiiienlndifesiu Joilimsiivdndmedanai
LZMA Fufimnndniign dezwasedliiiomannnd 50 wazlud ndunuhdaneifiu BZip2
fimstusateyalfnnnhdane3iuey | uAepmmasTINTieas s umTusaATgn Wisane3iu
LZMA fififaaesisiingnii 77.86%

Seksit Podchaman and Jaree Thongkam
ISSN 2672-9369 (Online)



RMUTI JOURNAL Science and Technology Vol. 13, No. 3, September - December 2020 131

4. wamswSeuineudsEandmwaTINnAnszuIums (Overall Time)
MIIANITINNANIZUIUMINNY (Overall Time) Tnsazindsz@nsmnnsnigmu
AILANALMSTUERTYA MITU-RdoNasuHIuIVLEUNAIATY JUdITUABUMIANIETIYE

LINIFINNANIZVIUMNT

10,000.00

1,000.00

e : I

100.00

10.00

BZip2 Deflate Huffian

LZ4 LZMA

Coding
% Group_Data 37.3420 3.7885 574.3526 1.5360 45.5844
® Group_Images 39.0747 13.8792 528.8272 18.4899 58.3489
mGroup_Multimedia 97.9539 13.4263 1,567.8997 3.0337 121.0335

U3 ANNFITINANTTUINMIBNdUEnTeyaIuTINITUIUNIIARILTOLA

mnramanasadluglil 3 wud dane3iu LZ4 fAuads Overall Time toofign
TnefiAunde 7.6865 Wi wamnuhiiAuadsimlunnaliadoyalnemis 1.5360 3mi wa:
mnaldiaiATneway 3.0337 Jd winoilumnalidgglan sanosiuiiinmisitiosign
fia dana3iiu Deflate Tamiadn 13.8792 Juiii ilaga1 Overall Time TnomAssumionun
AdunUT) dane3fiu LZ4 fAiads Overall Time vioufign silimsaodoyarmuiuwouniiaiu
fszansnmuazfinnansuiniu anmsed 3 awuhdaneiin LZMA a:fisnndiumadudn
TiATEn uidpdeulsanammaamanszuImMs dane3iu LZMA dniusesdane3iin LZ4 egann
13U 3 ezmuhdnndaasa Overall Time dana3iu LZ4 a:fiAuadutiooni sano3au
LZMA Tasiafe 634977 3uii snwaanslumsnageuduiinnusennfasiunamsisudes
Data Compression Device Based on Modified LZ4 Algorithm [13] @slfihmsiivéndeya
wlimaimdszamsnmmsdafivuazetgmslioulu Solid State Drive (SSD) ¥il#iignsmsau
Boudoyaiivs:@nsnmanniu doldnadnsiduiieiiuunanyideativil

mMsanUsIuna

Ade R IngUsmAfieSsuifisudanasinmsivdauuuligufeieyaieansumnlddoya
Tinasnauimssslvdrmwnionedumedin Tnglddanasnumstvondiuiu 5 danasnu
lsun Huffman Coding, Deflate, BZip2, LZMA, ua: LZ4 aznulanoanesin Huffman
Coding #svuvumstusadumsitmsnssinlasonduwuusiuld (Binary Tree) iolndd
swanreuilng neilifeinduedienn Soilidausianas sanediin BZip2 ua:
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LZMA u_luaaﬂaiwumﬂwmmmmnaaﬂmm LZ77 mmmmmﬂumss uﬂmaﬂmﬁﬁfﬁmu
wnumsgamsnesliudyanyaiuazdian inlinuilumsdaiundsmatudaiomnafiangg
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Abstract

This research paper presents to load clustering technique application to PV Solar rooftop
installation planning at the center of Rajamangala University of Technology Isan. By considering
the building load profile that has high continuous power consumption during the day which can
improve the load factor which is the energy efficiency index to be higher. We collect the daily
load profile of the 34 target buildings from the digital power meter and analyze of the load
clustering by K-Means Clustering technic using the SPSS program. The results showed that
load clustering can be divided into 3 groups. The first group, all buildings have low power
consumption but high deviations of the load profile, low load factor level. The second group,
Medium power consumption and minimize deviations of the load profile, high load factor.
The third group, High power consumption, especially during the daytime, low load factor level.
Therefore, Group 3 consist of 19 buildings has appropriate and setup to the plan for installation
of PV solar rooftop. This will reduce the peak load demand from the Provincial Electricity

Authority’s system, can improve the energy efficiency index.
Keywords: Load Clustering; K-Means Clustering Method; Energy Efficiency Index
N
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Abstract

Transcription factors are important for gene regulation system in both animals and plants as
these factors control various development processes. The NAC (NAM, ATAF, and CUC2)
transcription factors play an important role in vital diverse processes and responses to stress.
In rice, six NAC transcription factors targeted by miR164 were designated as OMTNI-6.
Among them, OMTN4 (LOC Os06g46270) plays a role in causing negative effects on
drought resistance. Bioinformatic information revealed that OMTN4 is a rice NAC1/ANACO021
analog gene. In this study, we conducted the gain-of-function of OMTN4 overexpression and
expression analysis. The results suggested that OMTN4 plays a negative role in inflorescence
fertility. B-glucuronidase (GUS) histochemical study revealed that OMTN4 was expressed
in leaf, seed husk, stigma, and root. OMTN4 expression profile was in correspondence with
GUS histochemical result. Subcellular localization demonstrated that OMTN4 was localized
in the nucleus, which was consistent with the other NAC TFs. Partial seed sterile phenotype
and expression profile suggested that, other than the negative effect on drought stress,

OMTN4 plays a negative role on inflorescence development.
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Introduction

Cereals are world’s most important staple food. Among them, rice is one of the most
important food crops. Grain size, grain number, and yield are determining factors of rice
production. Seed setting rate is fluctuating, in which, several factors such as pollen viable
rate, have influences. Transcription factor plays a role as a regulator for the transcription
process. NAC (NAM/ATAF/CUC) transcription factors are one of the largest plant-specific
transcription factors. In NAC members, approximately 150 amino acids are conserved on
N terminal while C terminal is usually divergent. Further, NAC transcription factors
participate in several plant development cycles [1]. NAC and miR164 cooperate to
fine-tuning leaf senescence. To date, miR164 is reported to negatively regulate NAC targeted
ORESARAI (ORE] also known as ANAC092) for age-dependent cell death in Arabidopsis.
ORE1/ANACO092 positively regulates leaf senescence, notably orel/anac092 loss-of-function
mutation leads to delay leaf senescence and overexpression of miR164B led to mRNA of
OREI cleavage, while ORE! is negatively regulated by the EIN2, providing a miR164
example in negative leaf senescence regulation [2]. Another report clarified that EIN3
promotes age-dependent leaf senescence and EIN3 also acts as EIN2 downstream by
directly binding to the miR 164 promoter and suppressing miR164 transcription. Moreover,
EIN3 expression level is increased during senescence [3], these results imply the regulatory
system for fine-tuning senescence regulation gene network. Therefore, it is assumed that,
in rice, NAC genes probably targeted by miR164 system are present. In Arabidopsis, miR164
is coded by miR164A/B/C and targeting five NAC transcription factors [3] - [4].

In contrast to Arabidopsis, rice genome consists of six genes coding for miR164
[5] - [6]. Notably, a previous study conducted by Fang, Y., Xie, K., and Xiong, L. [5]
identified six NAC transcription factors targeted by miR164, which designated as OMTNI-6.
It should be noted that overexpression of OMTN4 induces sensitive drought stress during
reproductive stage. Other than leaf senescence-related manner, miR164 target No Apical
Meristem (NAM) also plays a crucial role in the fusion process of carpel margins in
Arabidopsis thaliana and Medicago truncatula. NAM expression level is reduced or
non-detectable during carpel margin fusion and may repressed via miR164 [7]. NAM/miR 164
function related to the reproductive organ development is conserved among monocot species
including rice [8].

In this study, we performed OMTN4 function analysis via overexpression approach
and spatio-temporal analysis. This study suggests that other than the negative effect on
drought resistance function revealed by Fang, Y., Xie, K., and Xiong, L. [5], OMTN4 also
plays a negative role in inflorescence development in rice.
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Materials and methods

1. Plant materials
The japonica rice cv. Nipponbare was used as wild type, three transgenic lines
of OMTN4 overexpression (0x) (line 3, 5, 7) and OMTN4,,,,::f-glucuronidase (GUS) plants
were grown under controlled conditions of 14 h. day and 10 h. night.
2. RNA isolation and real-time PCR
The total RNA from leaf tissues were extracted using RNAprep pure Kit
(For Plant) [TIANGEN Biotech (Beijing) Co., Ltd., China] following the manufacturer’s
instructions. First strand cDNA was synthesized using ReverTra Ace quantitative PCR
RT Master Mix Kit with gDNA remover (Toyobo, Japan) according to the manufacturer’s
instructions. Quantitative real-time PCR (qRT-PCR) reaction was performed with Light
cycler 480 System (Roche, Germany) using SYBR Premix Ex Taq II (Takara, Japan)
according to the manufacturer’s instructions.
3. Overexpression construct
To generate OMTN4-overexpression (ox) construct, confirmed cDNA fragments
were used for gene specific primers design and containing In-Fusion® adapter (Pst/ and
Spel for forward and reverse primer, respectively). Purified fragment was then inserted into
pCUbi1390 vector driven by ubiquitin promoter. Primer list is given in Table 1. Construct
were verified for its accurate information without discrepancy base and the verified construct

was transformed into rice cv. Nipponbare mediated by Agrobacterium method [9].

Table 1  list of primers used in this study. Underlined indicates engineered sequence for

In-fusion using Clontech™ In-fusion® kit

Construct name Forward primers (5°-3’) Reverse primers (5°-3°)

Primers for gene construction amplification

TCTGCACTAGGTACCTGCAGATG  TAGCGTTAACACTAGTTCAAC

OMTN#-0x AGCGGGATGAATTCGCT TGAGTGAGTTCCACAT

oMTNg. GUs CCATGATTACGAATTCCGATCGA  CTCAGATCTACCATGGGCCCA
o GGTTGTACGTGGT CCCCCTCCTCCTCGA

ouiNsGep  GCCCAGATCAACTAGTATGAGCG  TCGAGACGTCTCTAGAACTGA
- GGATGAATTCGCT GTGAGTTCCACATTTG

4. B-glucuronidase (GUS) histochemical study
To generate OMTN4,,,,::GUS construct ~2-kb sequence prior OMTN4 start codon

was confirmed by PCR and the gene specific primers, containing In-Fusion® adapter (EcoRI
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and Ncol for forward and reverse primer, respectively), were designed and used for fragment
amplification. Purified fragment was inserted into pCAMBIA 1305.1 vector. Primer details
are listed in Table 1. Construct was verified for its accurate information without discrepancy
base and the verified construct was transformed into rice cv. Nipponbare mediated by
Agrobacterium method [9]. Various tissues (leaf, root, seed, and seedling) from
OMTN4,,,::GUS transgenic line were incubated in GUS solution as previously described
[10]. The incubated tissues were photographed using Stereo microscope model SMZ1500
(Nikon, Japan).
5. Transient expression in rice protoplast

In order to establish OMTN4-GFP, the full-cDNA sequence without stop codon
was amplified by PCR using gene specific primer pairs (Table 1). PCR product containing
engineered restriction enzyme cutting site was subcloned into pPCAMBIA1305-GFP using
In-Fusion® HD Cloning Kit (Clontech) where the transcription was controlled by 35S
promoter. OMTN4-GFP and OsMADS3-mCherry were co-transformed by polyethylene
glycol (PEG) method as describe previously by Yoo, S., Cho, Y., and Sheen, J. [11] with
minor modification. Photographs were taken using a confocal laser scanning microscope

(Zeiss, Germany). OsMADS3-mCherry was used as a nuclear marker [12].

Results

1. Putative Gene identification

NACI/ANAC021 (AT1g56010) encoded a transcription factor that played a role
in shoot apical meristem formation and auxin-mediated lateral root formation [13].
Moreover, NACI/ANAC021 was up-regulated during senescence process, and targeted by
miR164 [14] - [15]. MSU rice annotation bioinformatic database showed that OMTN4 was
NACI/ANACO21 analog gene. Moreover, both NACI/ANAC021 and OMTN4 were targeted
by miR164 [5], [13]. Since leaf senescence mediated analogous gene of NACI/ANACO021 in
rice is OMTN4, we, therefore, selected OMTN4 for further study. Together, FPKM of OMTN4
(LOC 0s06g46270) in two inflorescence organs, Post-emergence inflorescence and anther,
was 9.25059 and 11.9226, respectively, which was higher compared to the other organs.
It is expected that expression of OMTN4 in inflorescence organs could possess function
other than leaf senescence. Protein multiple alignment sequence suggested that NACI.1,

NAC1.2 and OMTN4 contained highly conserved region on N-terminal (Supplemental S1).
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2. OMTN4-ox transgenic plant appearance

OMTN4 gene encoded 304 amino acid residues containing NAC conserved
domain on its N-terminal region. Phenotype between the wild type (cv. Nipponbare) and
the OMTN4-ox was not significantly different since seed sowing date. However, at 90 days
after sowing date, the difference of phenotype of wild type and OMTN4-ox was displayed.
OMTN4-ox leaves exhibited normalcy as well as plant height with slightly higher tiller
(Figure 1(a)), all independent transgenic lines exhibited similar morphology. Panicle amount
in OMTN4-o0x was also higher due to higher tiller number. Interestingly, when the spikelet
was considered, grain from wild type was filled up and exhibited normal green-brown color
at ~90 days after sowing but the panicles from OMTN4-ox lines exhibited partial sterile
green color with seed setting rate less than 50% in both T, and T, (Figure 1(b) and (c))
implying that semi-sterility was probably controlled by higher expression level of OMTN4.

These results indicate that OMTN4 possesses negative function in controlling grain filling.

WT 3 5 7

Wild type OMTN4-0x

(a) Panicle characteristics of wild type and T,.  (b) Wild type and T, panicle characteristics.
WT, wild type; 3, OMTN4-ox line 3; 5, WT, wild type; 3, OMTN4-ox line 3; 5,
OMTN4-o0x line 5; 7, OMTN4-ox line 7 OMTN4-0x line 5; 7, OMTN4-ox line 7

Wild type OMTN4-0x

(c) Panicle characteristics of wild type and T,

Figure 1 Phenotype of wild type and OMTN4-ox transgenic line
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2. OMTN4 expression levels

To investigate the spatio-temporal OMTN4 expression pattern, qRT-PCR was
employed to clarify transcript levels in various tissues and leaf age. The result resembled a
previous report that OMTN4 was highly expressed in root and blade with lower expression
in culm and panicle (Figure 2(a)) [5]. OMTN4 expression had an age-dependent pattern with
lower expression level in younger leaf and slightly higher expression level in aged leaf.
The expression was lower in flag leaf and slightly increased in 2™ leaf from top, 3™ leaf from
top and finally higher expressed in 4% leaf from top (Figure 2(b)). In line with previous study,
it suggested that OMTN4 plays an important role in leaf senescence. Semi-quantitative
RT-PCR analysis showed that OMTN4 expressed in leaf and inflorescent (Figure 2(c)).

Jr

—_
S
L )

Relative expression
S = N W A NN 00 O

ol

Root Culm = Sheath = Blade Panicle |

(a) Spatial OMTN4 transcription in different rice organs

S}

Relative expression

o

o (1011

OMTN4
(b) OMTN4 transcription level in different leaves. FL, flag leaf; L2,
2" Jeaf from top; L3, 3™ leaf from top; L4, 4™ leaf from top

16d 60d In

(c) Semi-quantitative RT-PCR analysis. 16d, Leaf tip at 16 days after planting;
60d, Leaf tip at 60 days after planting; In, Inflorescence
Figure 2  Spatio-temporal transcription pattern and dark treatment
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3. OMTN4 spatial investigation via GUS activity

To determine the OMTN4 spatial expression, assessment of OMTN4,,,,:: f-glucuronidase
(GUS) activity in transgenic lines were performed. The result elucidated GUS activity was
strongly detected in leaf (Figure 3(a) and (b)) and in consistent with previous study, which
elucidated that OMTN4 expression was detectable in leaf [5]. Other than a role in leaf,
OMTN4,,,::GUS activity also appeared in root (Figure 3(c)), seed husk (Figure 3(d), stigma
(Figure 3(e), as well as seedling shoot and root (Figure 3(f). GUS activity in husk and stigma
implied that OMTN4 might be related to seed development.

(a) Leaf (b) Closed up leaf (¢) Root (d) Seed

(e) Stigma (f) Seedling. Scale bars; 1 mm
Figure 3 GUS histochemical staining of OMTN4,,,::GUS transgenic line

4. Subcellular localization of OMTN4
Previous reports indicated that most of transcription factors were in the nucleus,
although, some NAC family members appeared in plasma membrane or endoplasmic
reticulum [5]. To bioinformatical forecast this issue, we performed subcellular localization
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prediction by SLP-Local (http://sunflower.kuicr.kyoto-u.ac.jp/~smatsuda/slplocal.html),

which indicated that OMTN4 proteins were probably located in nucleus or cytosol (data not
shown). In order to experimentally determine whether the OMTN4 localized in nucleus,
subcellular location of OMTN4-GFP were analyzed using full length cDNA without stop
codon merging in-frame with GFP coding protein in rice protoplast. Previous study has
clarified that OsMADS3 is in nucleus [12]; hence, OsMADS3-mCherry was employed as
a nuclear positive control. The construct was transiently expressed in rice protoplast.
Laser scanning confocal image of green florescent signal resulted from In-frame fusion of
OMTN4-GFP, which were co-expressed with mCherry signal from those of OsMADS3-
mCherry (Figure 4(a) - (h)). The co-localization confirmed that OMTN4-GFP were localized
in nucleus, suggesting that OMTN4 was nuclear protein. These evidences are in consistent

with OMTN4 role as a transcription factor.

(a) OMTN4-GFP (b) OsMADS3-mCherry

(c) Bright field (d) Merged field

Figure 4 Subcellular localization of the OMTN4 protein in rice protoplasts under confocal

laser scanning microscope

Discussion

Senescence is regulated by complex gene network and many NAC family genes play a crucial
role in senescence regulatory network [1], other than the control of leaf senescence, transcription
factors might possess multi-functional roles in various development mechanisms.
ANACO092/OREI, a NAC gene member targeted by miRI164, was first discovered in
Arabidopsis [2]. In rice, six miR164-targeted NAC genes, designated as OMTNI-6, among
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them, OMTN2-, OMTN3-, OMTN4-, and OMTNG6-0x contain negative effect on drought stress
resistance. OMTN4-ox caused 76, and 371 genes up- and down-regulation, respectively [5].
It should be noted that high number of down-regulated genes possibly due to OMTN4 induced
signal cascade. As aresult, a lot of genes have shut or reduced their functions, in order to relocate
the nutrients and energy to sink organs [5].

In this study, we elucidated that OMTN4-ox expressed in root, culm, sheath, blade
and panicle at varying degrees (Figure 2(a)). Interestingly, its expression pattern in FL, L2,
L3, L4 was in line with the role to negatively regulate drought resistance in rice (Figure 2(b)).
Further, OMTN4-ox might not only affect increasing susceptibility to drought stress but
also grain development (Figure 1(b) and (c)) suggesting that OMTN4 possesses a negative
effect on grain development process. GUS histochemical result elucidated that OMTN4
participates in shoot and root development in rice seedling (Figure 4(f)). According to
previous study, OMTN4 expression profile was highly detectable in stamen [5], suggesting
that OMTN4 plays a crucial role in pollen development. Moreover, GUS activity results
implied that OMTN4 expressed in stigma (Figure 3(e)). It is possible that higher expression
of OMTN4 may interfere with stigma development process, directly or indirectly via
recruiting other transcription factors. A previous report identified that MYB transcription
factor members participate in stigma development [16]. OMTN4 may act as negative control
to MYB to regulate stigma development. Stigma development malfunction or abortion
owing to OMTN4-ox may be necessary to save the plant life in special conditions,
in response to higher OMTN4 expression. Present knowledge elucidates that OMTN4 function
responds to drought stress signal. NAC overexpression study in Arabidopsis elucidated
that ANAC046-ox lines germinate later than in wild type, and at 40 days after sowing
ANACO046-0x lines exhibited wavy rosette leaves and smaller size than in WT plants while
knock-out lines and SRDX lines were slightly larger. When senescence is considered,
ANACO046-0x lines showed yellowing leaves at 35 and 50 days after sowing. Moreover,
in the case of incubation in the dark for 13 days, ANAC046-ox exhibited pale green and
smaller-sized leaves than WT [17]. In line with ANAC046 where negative regulation to plant
growth rate and positive regulation to senescence was reported, therefore, OMTN4 negative
effect may not only restrict negative drought stress and sterile seed regulation but whenever
plants encountered stresses, many signal cascades occurred, including reproductive organ
abortion. These evidences together lead to the conclusion that OMTN4 probably acts as
negative regulator to various processes in rice development, in order to fine-tune
downstream process in response to the environmental changes.

Previous report conducted by Vialette-Guiraud, A., Chauvet, A., Gutierrez-Mazariegos, J.,
Eschstruth, A., Ratet, P., and Scutt, C. [7] elucidated that NAM gene targeted by miR164
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expression was reduced during carpel margin fusion. Moreover, miR64 resistant form led
to failure in carpel margin fusion in MtNAM with different defects such as unfused or absent
stamens, unfused carpel margins although some flowers’ development were normal. Prior
study showed that reduced NAM expression via miR164 strategy is essential for flower
development, especially carpel margin fusion, in Arabidopsis and Medicago truncatula [7].
In consistent to our study, OMTN4 overexpression may cause incomplete flower
development in some flowers, as a result of failure of seed development.

To date, a lot of NAC transcription factors have been reported to play an important
role in plant development. Our study has provided evidence on how OMTN4 may be
required for balancing seed amount and input factor. Stringent conditions lead to abortion
of seed development. Dealing with environmental challenges is essential for plant survival
to extend its longevity. Further study about the mechanism involved in seed abortion
influenced by OMTN4 will establish a valuable knowledge for basic rice molecular genetics

which will be useful for understanding gene function.

Conclusion

Plants’ largest and specific transcription factor family, the NAC (NAM, ATAF, and CUC2)
plays an important role in vital diverse processes and responses to stress. Belonging to one
of the NAC TFs, OMTN4 was investigated in this study. OMTN4 overexpression, QRT-PCR,
GUS, and subcellular localization result were elucidated. Ectopic inflorescence morphology
and OMTN4 spatial expression were revealed. As NAC transcription factor, OMTN4 was
in rice cell nuclear region. GUS staining and qRT-PCR elucidated that OMTN4 expression
was detected in various developmental organs. Future study including CRISPR gene knockout
will elucidate OMTN4 loss-of-function characteristic. Finally, this study contributed to OMTN4

gain-of-function and negative inflorescence development as key results.
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Abstract

Under the energy crisis, searching for the source of renewable energy plays an important
role nowadays. Especially, biogas as the renewable energy generated from the anaerobic
digestion process of various biomass and organic wastes. Due to biogas is clean renewable
energy and environmentally friendly, it can be used beneficially in many ways such as
heating, transportation, lighting, and electrical production. Thus, to obtain a qualified biogas
from an efficient anaerobic digestion process, this paper is interested in reviewing several
factors such as pH, carbon to nitrogen ratio, organic loading rate, retention time, moisture,
total solids, nutrient, mixing, and volatile fatty acids to alkalinity ratio, etc. These factors are
the vital factors influencing the biogas production efficiency. Moreover, it can be used as the
basic guideline for considering the anaerobic digestion application to produce further biogas

as a renewable energy.
Keywords: Biogas; Anaerobic Digestion; Factor; Efficiency
VN

wisoududsdAgremsmasuaziannauamiinsesuywd wisowlagnuitllius:Toud
Tinmemeasin Wy MigamnnIsn MINEAT MAATIGOU WAL 9INNIVILAIMILATEENT
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gsdunislasaaunidluannilsomauazimndniodanmiu - delaenalufiedanm
(Biogas) a:Uazneumemeiimu (CH,) dsznmieea: 55 - 70 mamiveulasenlen (CO,) Jowa:
30 - 45 malalasandalnd (H,S) uazwenlmile (NH) dn@ndesisznmiesa: 1 - 2 ua:
aatudnUsnmdesa: 1 - 5 [9] mafimudufafidesmsnnnszuumsdingesuuulierme
dielfiuumsondssunauny TnenszuiumsniingeswuulSemeielfngsmofimueUs:neuie
4 tupau [10] feil (Ui 1)

Hydrolysis Carbohydrates

l Long Chain
Monosaccharides Amino Acids Fatty Acids
Acidogenesis |
A4 \4
VFA

: Acetic Acid, Propionic Acid, Butylic Acid, Valeric Acid etc.

Acetogenesis
A 4 A 4

Acetate —)‘ H,+CO, |

Acetoclastic Hydrogenotropic

Methanogenesis Methanogenesis
> CH,+CO,

g‘lﬁ; 1 AszuIUMINanmMa@InIw (Biogas Production Process) [11] -[12]

Methanogenesis

1. lalmslada (Hydrolysis)
usuneuusnsesmsndngesuuulierma deeziiumstosmsdun3oniilaseaig
awnlnaidudon wu losiu m3lulanse Tusiu Wiy WeglugumsifilaseaSsaundn
Wy maluanaies nsaezily waznsaledu denmedumsiadunigamumsanady
(Absorption) uazlififluunaswdonuld Tnsgdunidiiisrdesivaunouidlnydungy
Cellulomonas, Eubacteria, Clostridium, ez Ruminococcus [13]
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2. wadlnAtuda (Acidogenesis)
\umstesmsdunianilaseassmniniemulinaeduteanesed (Alcohols)
unznsnloduszve (Volatile Fatty Acids, VFA) 1iu nsno:daa Inslnlelauazinnia Tnod
LLUﬂﬁL%ﬂiUﬂ@:JJ Acid Forming Bacteria Usznaunie Pseudomomas, Bacillus, Clostridium,
uwaz Streptococcus [14]
3. a:@lny3uds (Acetogenesis)
dumawAsunsalaiusane uazueaneges Weglugusesiemiveulneonlan
lalasiau uaznsne:zdin TasuuAiSeinediesfionay Syntrophobacteria wa: Syntrophomnas
[15] dunouilfinnusAn esaniimswane:dRageisiesa: 25 uazmdlalnsuiosa: 11
Fono 2 adhuhnaomanlumswRewiuiofio Tuensinsmamones Wy hmabianaden
Asusadesaaenaeilunnezdan Mdlalnsen uazmsveulpeanladlalrensoduiu
4. wmluauds (Methanogenesis)
\usuneumsndnmeimu Taemludl 3 35wan q Ae [16]
41 madfeusinzeslusnso:BnalinmedumefimuGenaunoui Acetoclastic
Methanogenesis Tnguminauiliigadeoiunszuaumsiisenit Acetoclastic Methanogens
42 ms3anduresigmsvenlaeenlefmeiiglalasien  Senduneuild
Hydrogenotrophic Methanogenesis TnowmTueuiifsesiunsuaumsiidend Hydrogenotropic
Methanogens
43 lumswAsunguimiin (Methyl Group) zesa1sis q Mnmedufiiafin
Sundumeuiti Methylotropic Methanogenesis Tnawmiuauiifsadosiunsuiumsizend
Methylotropic Methanogens
maAnsimilassulngazanan 2 surewiundn fie Acetoclastic Methanogenesis
waz Hydrogenotrophic Methanogenesis #slaemlunui fevseva: 70 vesmafimuinanls
JﬂmﬂIJJLﬂf]ﬂﬂ:’%mﬂ’ﬂﬂﬂﬂzuﬂﬂu Acetoclastic Methanogenesis [17]

tldeninanenszuiumsviingeslngliainme
(Factors Affecting Efficiency of Anaerobic Digestion)

1. 9anail (Temperature)

iutldeiisdurolsznsnmmsnsingesuuuliomea JodonadonamnuazUSnm
Tainanl@dnie Wy mafinviwes Rameshpraby, R. and Yuwalee, U. [18] nudimsnsinges
uwuulimimeAzossenunu (Duckweed) lumiAnAasaun 2 Ans fMespzIANAY 45 Tuf
qunniddileilaa (35 °C) swsandnmadinwmlamnu 10,377 Aadansneans wa:lublg
wasluilan (50 °C) wanldanaaAniaamiewndy 9,981 faAansdeans vaiigungines
(23 - 28 °C) anawReLEY 7,864 TaRanaroans dolaemluinusshsgamaimdlumsnsinli
3 dhafaeiu Aomaiaf 1
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mywn 1 anmlumsnindesuvuliomaluunazdisgmngi

anmzlunisnsin twgampilumsiAuszuy ¢C)  dwgamgiiimanzay (°C)
Psychrophilic <15 -
Mesophilic 15-45 35
Thermophilic 45-65 55

newn - aungiisng 10 °C dewansznuliiinmsngananmadinin [19]

@1z Mesophilic waz Thermophilic iusnmzineslflumsndngesuuulseme
Fownnzi Thermophilic wanzsdmivduneuludiousnsesmsteslutuneu Hydrolysis ua:
Acidogensis luga:fidionasvesiuneu Acetogenesis uazn1swaniiiny Methanogenesis
asldann: Mesophilic tielilifignnadunsa (Acidification) Aamnuaainauly vl
nsalasuszmelisansawfonduioiimuldi [20] donansnuremswanmaiimuanaszan
wmluian (Methanogen) Fommiuaureuiioly (Sensitivity) AefioafianasnnmIn:aueos
nsaloduszme Snnomansindeanm: Thermophilic daflumstuFomasnulumslinuion
fuszuuniinges  MmemaianlsmilisnnuumnzauAummaAssgmanslumsienligumad
Tuusazdrsresmansinges  Tnemslinnuieuius:uunsingesernhluldmmsumstesmsntes
aaeen 4 wu anfiu lesiu uazlusiu [21] wieluiuimiigampfirouinememeaning [22] s

2. med (pH Value)

Wumsfimeslumsinmanudunsa-in  vesszuumaninuuuliormea Folu
wARzTumBuTaIMIENFsMatIsTesimanzaulimiiondy Tnetuneu Acidogenesis fitnoiitey
AN 5.5 - 6.5 [23] Snnodonuimiitereesszuundngesiinaresiinnsaloiuszme
NAATUINTUADY Acidogenesis Fomnmsfnwzes Herbert, H. P. F. and Hong, L. [24] wum
fforsn1 5.5 wunsndafisa (Butyric Acid) unsananiiny uafifiteannnd 5.5 a:ny
n3nezdnn (Acetic Acid) unan lusnziinsatnslnleiin (Propionic Acid) wulfnniifitey
Aeutdunasanmaningestimanglag fagud 2 Mewmnioureu Acidogenesis AnlAA
ity 5.5 - 6.5 Jumsnunsne:dna Wunanuazsesasundunsaiansa

dmsutuneumswanmoiimu (Methanogenesis) Ad20fieuRvaNzaumIAY
6.8 - 7.2 [25] - [26] TolumTuauiihmihfiasuimafinuAeuiels (Sensitivity) Aefiitod
fudsnuaniiuegoun wuindemiiteiesnit 6.6 sasmItasaAvlazesumluey
zanag [27] uazimsunshnlussuuningesuuulionmeamstianuduiuzosnsnosdnalimsinu
3,000 - 5,000 Nadnsn/ans [28] uaznsalnslnlefialuiu 900 faandu/ams [29] Fvasludy
wanIzNUABMINAAMaITIMnuarmsasavinganumluey - Mndymasaandsdnaie
mddeudlodamdsnan TneusuldlimmbngeslSermeaAtvusesduneuuny (Two - Stage
Anaerobic Digestion) duiimsusndeufAsenszwiemsndnnsauazdonsinmaiinn  iveldl
ferianasnnmanannsalasiusamedonansmuagumnuivniinanmiodimy
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msfinw2es Liu, X., Li, R., and Ji, M. [30] #UNMSALNTINGZAINIAZADUNNTZUULDLONLAS
wwos  Inglisruuminuuusesiuney  telissuuiimiosmnituiioiusunmesnsims:
UIINAENTBUNSEYs q dafisuiusuunsinuilstuneudeiitymiZessesmsazanesnsnlasiu
Tuszuuiingu

—=—Glucose

50 —— Butyrate

40 —— Acetate

30
20

—— Ethanol

Soua

—— Lactate

10
~—+—Caproate

4.0 4.5 5.0 55 6.0 6.5 7.0
Gy

—— Propionate
JUN2  wavesAegrelsstnnvaskandmnnnuluhminanmstesnglad [24], [31]

3. anmsumsveunslulnsiau (C/N ratio)

usnndmiaeuliiiuszdusesmsemnsluszuuntindesuvulierma  dodao
gesdnTEm O/N fmsnzauuuaihlifisznde 20 - 30 [32] Tnemlmanindesdoliumdy 25
Tumaipuszun Gensdu ON asfuegivafinvesianimismin (maei 2) dmsumswinges
sooianiieAEL ON gondeivanzan dowaliSmalulasaudssidudmiumssnoead
P0ILUATIGHANAIBENITIAGY  Reurmsuanlusiuy donalituaiGouazwmlueulisinsa
wipulauazngamswanmeiimn usnidapihumindsnndn ON m Tasfivinm
Tulnsiuiige efiamstessdonaliinsnanmonenludoduiwumnluszuunsingos
ilszuudanudumoguess  uazenadonalinsn@nmadiniwanas  uasinauluiemne
wmluauauanmsmala [33] - [34]

mMywn2  ennam C/N uazlszdndmmlumswdnmadinmeesiganinuaazain

. Uszdnsmnlu . Uszdndsmnlu
. ATINIU e 4 . . aAIEIu e 4
ANANUN MINIANYTININ ANANUN MIAIANIYUININ

: C/N : C/N
(I/kg TVS) (/kg TVS)

1. W27 90 280 6. Tluszm 26 650
2. yaun: 24 700 7. AMRN 25 350
3. 34an 13 500 8. any 15 28
4. yai 22 550 9. Audey 53 200
5. yaln 15 350 10. udes 82 150
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Fniudoidumsusulinsdn ON Tmnzauiunsuaumansingesuuulionea
Fasimairaansincmosiiaaimeindini. uasndnssumsninsIuivmnzey @ msfnem
#ov Siddiqui, Z., Horan, N. J., and Anaman, K. [35] ¥M3nainsius:ni19000td88910
QAENNNITNDINS (BM31d C/N oML 30) NUMARENBUIINIZULLRLEE (9n318U C/N 6miy 5.4)
Tnenuhsmsananmedmulaangawidy 239 Ansroflansusesudsszmefignmdn diold
SrmduTEsNgAE NI TN M IARRzABUINAL 11/89 Tauthniin defidnaidu C/N uni 15

4. 9MTINTTUTINNE15OUNSY (Organic Loading Rate, OLR)

Wumsinusmamsdunianieowingasfiseretinnsvesdouazszesiin
duiledendniufesmuaulimmn:zamilesan OLR Aitfeusnnifiuly (Overloading) sowali
Ysuassdunsggnaesnaradunsnladuszmedsnamnnuaslususanmedumaimulan
yiliiAnsnziunsa (Acidification) [36] Tusaizi OLR andulufazdonanseduiiuiae
dAnaanzanudumoduiy Foduanzilimmzandmsouuaiie [37] Snnedowud OLR
fdofinareriinvasuuniisouazenife Famsaf 3

MSWN 3  ANUFNRUSTZI9 OLR Avwinassuuaiisalsoimauazasine

INIIMIZUIINN sianupisalseime BiiAeI13LAY
f3OUNTE (Anaerobic Bacteria) [38] - [39] (Archeae) [40]

Gh] - Chloroflexi - Methanosarcina
- Gammaproteobacteria
- Actinobacteria
- Bacteroidetes
- Deferribacteres
- Methanobacterium

- Methanocelleus

2 - Firmicutes - Methanosaeta
- Syntrophomonas
- Synergistacea

- Anaerovibirio

5. szaznailumsnniny (Retention Time)
wuszezanldlunistgesasdunidsuadesuvgainarotdunigimulindu
Tnesiulneazaassessisaunsalamnnndesa: 70 auld gemuwimangumsn (1) [41]

(V) Ysuauaulnsen

szezaa1nAny (Retention Time, RT) = 1)

Q) ansmslua
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srpznmlumInnnunN:aNesauegiuiladedn 9 me wWu gampiinldlumsninges
ansIMmsrusImnEsduniandondiscuy  uardnvazesAlsznauvesa1sdunss laoagy
ANNENAUS ARIAI5107 4

T

mawn4d  AnuduRussnIwiadema q nneszaznatlumsannu [42]

ANNFUNUS AT EZIRI UM IAALAY

SIOET e = . = =
szazRluMSANMULY szaznallumMsAnnUles

gamgillumavinges  gaumaiilunisndngssliunaty  gunadlunmidndesgs lauldania:
Tawldan1: Mesophilic suwald  Thermophilic sunalnldszaziaarluns
Aedldszazmlumsininuiuay Annuduse szuAmusageslasuuga

INNMITUIINN OLR #iflowinszuuge suilufesld  OLR flewiszuusm domaliliszozom

@158un36 (OLR)  szmziailumsinifivungu el lunsdndvduasnstesisansaiin
MsteuAinNNYIal BUIATEsve1Y  anysm ludasaunsdmaluszuy
asimnalnaiusie

anwazasAlszney esounstiiesnlsneududentiosenn  d@1sounsodiesalsznoulududeu 1ty
POINIIOUNIE vdu andu wwaglas Wuan ilild e wl Wuau sansageslalasdne
LN MMINALNUUIY wazldszazmlumsnnnuauRg

Tnemldszeznarlumsindudmsumsninfianzilefdnaziasoanysal
meluszezom 15 - 30 Ju [43] iszeznailumsinfumahmioanzan axdowalimsningdes
dAnduldanysaifimsazanzensaloduszmetmasnailimmsadswduiedmulii
yiliifegoesszuuana  uasluiigaudioradonaliis:udumar  msnanmaiininanas
sudosumangandanld [44] Tuoafiszeznailumsindugaiuly asihlfsmnnoesdojisen
fiowalngduanusniy wazadumsiudesaamulumsneasodeigoinly femail
FomrsmuanszaznaTlumsiniulimnzaunaiign delililsansamlumswanmeinmwgogn

6. 5172113 (Nutrients)

L“ﬂuﬂﬁlé’ﬂﬁf\hﬁfyﬁiaﬂwiLa%fyLﬁUTmﬂaﬁﬁ;ﬁuﬁﬂm:uwﬁﬂéaﬂLmuvl,%'mmﬂ Fosimsuy
UsannzasssomsmuuSinufigdunidresmanandu 2 Usaan fail

6.1  51m@WNInan (Macro - Nutrients) laua lulasiau m3veu Woanass Tnunaidan
damosuazunniiden  usmemsifesmatSmasnniianushdn  dusulszneuvanveoidad
uaziinaremssniulnzesgaunst  laednadiuzesmsveunslulasaudeneavasd (C:N:P)
funzihdmsumaninuuulfemaAuidu 200:5:1 [26]

62 wesTes (Micro - Nutrients) iusinemsiiresmauiinuioound
ANNEIALTUNY %aﬁmmmadawadammﬁfglﬁu‘[maoqﬁuw%é diesnndaelumsiouoes
ouldua:ufasenaiing 9 meluwaagaunsd AnusABaes IR IILARIALazUTI0
smeInsiunzauresuunindesuule AN 07 5
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M3wn 5 mmsﬁﬁfywaam@mmi LLazﬂ%mmm@mmﬁmm:ﬂwim:uwﬂﬂEiammuvl%mmﬂ [9], [45]

REIGEY ANuEALY ATz
DI THEN
- M3veu 1RSI L TRALAZ AR IWR I -
- Tulasian MasaLATIRLUTAY feen 400 mg/l
- Tnunsidew dupnusnansalumsiuinesnusaminged 465 mg/l
#evs3LAl (Permeability)
- Woanadn MINIAATIZAALDULD 3.05 - 6.18 g/kg TS
- danlas dmsnauteulgivasailn 3.05 - 6.18 g/kg TS
- unnilden dsznoveulwivaeiin 0.02 mg/1
PRl AV EFQ)
- 18N sulsznevvoneuly CODH 1,000 - 5,000 ppm
o dmisznavsedeuldd CODH, nasuAazi 0.029 - 27 mg/l
S F430 ua:adAmyae Sulfate Reducing Bacteria
- idLion wmueATNesnIaluil, fulsznevzesnouls 0 - 10 mg/kg TVS
FDH
- Vil dulsznevvoseuldd FDH 0.658 - 100 mg/l
- fon:@ dusznevweaeulsd FDH wa: CODH 0.0327 - 2 mg/l
- Tnatllen druszneveaeuldd Hydrogenase 4 - 5 mg/l
- Tndvnniy flsznavesieulys] FDH, futsmsynnuzes 0.029 - 5 mg/l

Sulfate Reducing Bacteria

naneir:  CODH; toulesd Carbon Monoxide Dehydrogenase, FDH; touls Formate Dehydrogenase,
F430; Tatoulasiammmluau, TVS; Total Volatile Solids

7. ATuPu (Moisture) USinauasufosiu (Total Solids)
ssuumaningesuuulSmanlifuuuudenudeuuuuini  TuegiuszAuanmiu
soadagwiin  demaningesuvudenfiominrlflumsnanmefnmennniuuowis Tnglums
niingosiua:iusnaveudosimtesnitsesa: 15 JaamindefidnuazAeuiiomas Taedii
iuashtsznouannnifesa: 85 lusazimswindesuuuuisaziisesazanuiutiosniiosa: 85
Fpnutufienusdnluszuundngesduegnomnn  idesnndelumsazaeasems iugaun3e
sansnhllild  wenanidhelumanfouivesgaunismeluiaansinielUdudaiuansunds
uwazvhmsties  wuhinamiiluszuowindeslimmnzaumedimeminefiesazvesudsnniiuly

sraunalnlsz@nsnmwmstosmsdunIdua:msndnmadinnanag
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8. MIMUNaN (Steering/Mixing)

mamuwsumeludsjasomindendunsnsziulimstesfity esangdun3d
flemalumsdndaianmin  Snmedodumsiliiaandndisnsasudodoriunndy - dowuh
lumsnaassiiliiimsnunsueaazdonaideliinruie (Scum) asefiimiianumsUses
modimueananasuiisen InedimsAnwoes Koztowski, K., Mazurkiewicz, J., Cheltkowski, D.,
Jezowska, A., Cieslik, M., Brzoski, M., Smurzynskal, A., Dongmin, Y., and Wei, Q. [46]
wuhmsmursuuheinsinsmwlumswinieinwiniusesa: 17 wanlduiu
265 Ansreilaniuzesvesudszve diedeuiumanasesilifimsniunanludoiisewanle
225 ansmenlansuveszecudssame wasgslsamumsmunsuimniulliosdonadone
WS MNUAZ S AN MNMSHARMZTIMWI00SUUMINGDY 00N UURAMIER0E5IA57
dowaliimsszaunsalasusamdlusuinounaduly  vilifeseessuuanasmmnnauluiign
ssuunindevauman anmomatnmsnunaul1flusuuningeauuuliema sxfesiimsinsz
ANNINzAN Iz oUsE AN Amfiinniuduanudumze g uilFlumsniunandoritli
AldarelumaiAuszuy (Operating Cost) iuauMiANUANAMIATHEAEAITSali

9. anssunIaladusuneenasmwanuidunis  (Volatile Fatty Acids to

Alkalinity Ratio)

onssunsaludusneneaesmwaNudumelduanoEiiosmneesszuundngas
wuulsenmea TneansduAsnaIdunaman 2 MAnes Ae ANNENIUDBINTALINUTEAY
uazanmanduae  donosesmAmesaansainsiaalAdsuararA NI
dwmsumahllifadssmmoessuunsingeauuuliomeetoreiios  lumsiiussuunsinges
LL‘U‘iﬂ%mmﬂﬁhLﬂuaejméaﬁaamuauﬁmwz\hu‘lﬁmm:au TneanmsAnwves Lili, M., Biro, G.,
Sulyok, E., Petis, M., Borbely, J., and Tamas, J. [47] wunannaiunsnloiussvedions
amwANNduMesznig 0.3 - 0.4 AANumszausmsussuuningenuuliomAsusanan
Metamligean Taeszuiiadesmwbidosresnmanuiunsannnsaluiuszmeitzailuszoy
Tupasienssiivesnn 03 WuwamandSinasssunienmsuoinull uazensan
finnna 0.4 enrunndSmasnssunisnunsuumnnull wesruufismwanuduiem

ERLE

Tagiufmddesiuasnaimhmstinsiiomamzimnzalumaniouuuliomea  Gouszansnm
PousrUUNINgasgNUszuaINANNEINIalUMIHANMZEINW  (Biogas Production Potential)
POIRUNTY UNZEN1IZNIITIUBRITTUUMINGosdEnosn I (Stability) snndestiasla
Tnedhdusdnme 9 TnomareUsEmsmmuazsdosmneassuumingesuuulSemeAuszneuie
gamnll My dnd@umMIoumalulnsen RTIMITUTINNEITOUNSE F:uzRTluMInn
5IME WS ANUTY USinmeoouiosin wazmsniunan dusy Asiudedniuedaddlumaiu
ssuumsingesuutlSomafiazsosihmsmuaniadomai  Welililsinsamlumaningesgogn

https://www.tci-thaijo.org/index.php/rmutijo/index
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dooratnnugniinisuusimisnnmsAnmIdovseogduniansaclndiAsiunisnaaes

mihmsinmeglvldduuwamslumsmuvanszuundngesuuuliemea  hlansousesmsfn

ouavas helalsrdanauazsudsznalumsiniide mamalynmsfinyineiussuuningos

woulSomAdsmsAnmuaznanunlanewlesmunenuiadesAume 9 TdonanalssEnsmmw

Tumsiuszvuningesuwuulaldernea wensuwumsidalaeisgnresuazmuzaunaly
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