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ARTICLE INFO ABSTRACT
Article history: In this work, poly(methyl methacrylate-acrylic acid-divinyl
Received: 30 April, 2020 benzene) (P(IMMA-AA-DVB)) microcapsules encapsulating both bismuth
Revised: 26 May, 2020 vanadate (BiVO,) and magnetite (Fe;0,) nanoparticles were prepared
Accepted: 23 June, 2020 by microsuspension iodine transfer polymerization for the treatment

Available online: 14 August, 2020 of dyes in wastewater. The colloidal stable spherical microcapsules

DOI: 10.14456/rj-rmutt.2020.13  with high encapsulation efficiency were produced. The extraction of

Keywords: bismuth PMMA segment in polymer microcapsule shell using various solvents
vanadate nanoparticle, was carried out to increase the porosity of polymer shell leading to
microcapsule, poly(methyl  the increase of dye and encapsulated nanoparticle interaction. It was
methacrylate), dye found that using polymer microcapsules at 0.5 wt% of acetone as a

treatment solvent presented the highest dye removal efficiency equal to that of
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pristine BiVO, nanoparticles. The dye removal efficacy of the

microcapsules was gradually reduced when they were reused for 5

times. However, the treatment efficiency was still higher than 50 %.

Therefore, the obtained P(MMA-AA-DVB) microcapsules exhibited high

performance for dye treatment in wastewater.
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This work presents the investigation of the structural and
mechanical properties of Na,O in cubic structure (hereafter denoted
as cubic Na,O) by using the first-principles calculations within the local
density approximation (LDA) and the generalized gradient
approximation (GGA) in the functional form by Perdew-Wang 91
(PW91). The structural parameters such as the equilibrium volume (V,),
the bulk modulus (By), and its pressure derivative (B’,) can be obtained
by fitting the calculated energy (E) and volume (V) data with the third-
order Birch - Murnaghan’s equation of state whereas the elastic
constants can be obtained from the stress-strain approach. The
calculated equilibrium structural parameters and all three elastic
constants (Cy;, Cp,, and C) show a good agreement with the
experimental and other theoretical values. All elastic constants and
bulk moduli calculated from LDA are slightly larger than those values
calculated from GGA, by the reason of the lattice constant calculated
from LDA is slightly smaller than that calculated from GGA. By using
the calculated elastic constants and Born’s criteria, the cubic Na,O was
found to be mechanically stable at ambient pressure. Consistent with
the calculated elastic constants (C;), other elastic moduli such as bulk
modulus (B), shear modulus (G), Young’s modulus (Y), and Poisson ratio
(v) of cubic Na,O can be obtained by Voigt-Reuss-Hill (VRH) method.
Because the B/G and v values can be used to determine the brittleness
and ductility of materials, our calculated B/G and v values indicate that

cubic Na,O behaves as a brittle material at ambient pressure.
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Furthermore, the hardness of cubic Na,O can also be obtained by using

GIB and G values. The details of the structural and mechanical

properties calculations for cubic Na,O were presented and discussed.

INTRODUCTION

Sodium oxide (Na,O) crystallizes in the
cubic structure. It has received a great of interest
in many applications for instance, solid-state
batteries, gas detectors, and fuel cells (1-3).
There are several research studies about this
compound in  both experimentally and
theoretically, following are some examples. Zintl
et al. (4) reported the lattice parameter of Na,O
crystal by powder diffraction experiment. Wu et
al. (5) reported the high-pressure behavior of
Na, O by using synchrotron angle-dispersive
powder X-ray diffraction. On the theoretical side,
Dovesi et al. (6) used the Hartree-Fock method
to calculate the lattice constants and elastic
properties of Li,O, Na,O, and K,O. Shukla et al.
(7) reported the electronic structure calculations
of Li,O and Na,O by using the Wannier function
based on Linear Combination of Molecular
Orbital (LCAO) formalism. Moakafi et al. (8) used
first-principles  calculations to study the
electronic and optical properties of Li,O, Na,O,
K,O, and Rb,O. Thomson et. al. (9) investigated
the electronic structure and phonon spectra in
Na,O by using density functional theory (DFT)
method. Although, there are several
experimental and theoretical works on Na, O
have been reported. There are only few works
focused on the mechanical properties of Na,O.
Thus, this work presents the study of the

structural and mechanical properties of cubic

Na,O by using the first-principles calculations to
provide more understanding and information for

the researcher in this material.

MATERIALS AND METHODS

Computational Method

The computational method used is
based on first principles density functional
theory (DFT) (10, 11) with the plane wave
pseudo-potential method as implemented in
Vienna Ab-initio Simulation Package (VASP) (12).
For the exchange- correlation terms, we used
both local density approximation (LDA) (13, 14)
and generalized gradient approximation (GGA) in
Perdew-Wang 91 (PW91) functional form (15).
The projector augmented wave (PAW) was used
for the pseudo-potential. The calculation was
performed on a 4x4x4 Monkhrost-Pack scheme
(16) for k-point sampling integrations and the
plane wave expansion was set up to 600 eV. The
total change in energy less than 10° eV and the
force less than 10° eV/A were used as
convergence criteria for structural relaxation. The

cubic structure of Na,O used in this calculation

is shown Fig. 1.
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Figure 1 Crystal structure of cubic Na,O. The
yellow spheres correspond to the Na
atoms and the red spheres correspond

to the O atom:s.

The calculated energy (F) and volume
(V) data of a unit cell of cubic Na,O were fitted
to the third-order Birch - Murnaghan’s equation
of state (17, 18) to obtain the equilibrium volume
(Vp), the bulk modulus (By), and its pressure
(B’). The third-order Birch -

Murnaghan’s equation of state is written as,
3

E(V) = Eq +—V,B, {[(%)g - 1] Bl + [(%)é _
1]2 [6 —4 (%)3]} (1)

The elastic constants () are the crucial

derivative

parameters for the calculation of mechanical
properties of materials. For cubic structure, there
are 3 independent elastic constants, namely C;,,
Cyy, and Cyq (19). Their values can be determined
from the stress-strain approach. The three
independent elastic constants are demonstrated

as,

/ayy\ Cz €1 Cz O 0 0 /e’y’y\

I GZZ |_ C12 C12 Cll 0 0 0 | eZZ |

[o, |1 0 0 o0 cu 0 o0 ||ley]

\azx / 0 0 0 0 Co, O \ezx /
Oxy 0 0 0 0 0 Cyu Cxy

.(2)

where o;; ( i,j=x,y,z ) are the stress

components, e;; (i,j =x,y,z) are the strain
components, and Cqp (a,f =1,2,3,4,5,6) are
the elastic constants. According to the
calculated elastic constants, other elastic moduli
including bulk modulus (B), shear modulus (G),
Young’s modulus (£) and Poisson’s ratio (v) can
be obtained by Voigt-Reuss-Hill (VRH) method
as described in Ref. (20) and (21). In cubic

structure, the equations are demonstrated as

By =B = g(cn +2Cy3) (3)
1
Gy = E(Cn — Ciz +3C44) (@)
_ 5(C11—C12)Caq
R 4C4§1,+3§C11—C12) (5)
_ By+Br
= bvtb (®)
— Gy+GRr (7)

2
where V and R represent the Voigt and Reuss
approximation, respectively. Then the Young’s
modulus (E) and Poisson’s ratio (v) can be
calculated from,

9BG

E= 3B+G ®
3B-26G
T 2(3B+6) ©)

RESULTS AND DISCUSSIONS
Structural properties

The crystal structure of Na,O is cubic
structure (cubic Na,O) with Fm-3m (no. 225). The

cubic Na,O contains 12 atoms per unit cell (8 Na
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atoms and 4 O atoms). To obtain the equilibrium

structure of cubic Na,O, we first calculated 4 .
energy as a function of volume, £(V), as shown in =

Figure 2 for both LDA and GGA approximation. ;/3 46? 1
Then fitted the calculated E-V data with the 3_48‘ i

third-order Birch - Murnaghan’s equation of state

=50+

(17, 18) to obtain the equilibrium volume (V,),

" L L L L
120 140 V, 160 180 200

the bulk modulus (B,), and its pressure derivative Volume (A”) 0
(B’y). The fitting results are listed in Table 1. Figure 2 The calculated energy (£) and volume

(V) data from LDA (black color) and
GGA (blue color) approximations. The
solid circles represent the equilibrium

volume (V).

Table 1 Calculated lattice constants (a), bulk modulus (B), and its pressure derivative (B’) of cubic Na,O

This work Other calculations
Exp.
LDA GGA LDA GGA
a ) 5.363 5562 53989 5.408® 55837 55928  549@?
B (GPa) 59.09 47.04 56, 57.79% 54 47.119® 55.6”
B’ 4.45 4.41 4.20% 4.71% -
Table 2 Calculated elastic constants (C;) and other elastic moduli of cubic Na,O.
This work Other calculations
Exp.
LDA GGA LDA GGA
C,; (GPa) 120 98.6 1149 114© -
C,, (GPa) 24.1 12.6 37.87 34.79 -
Cua (GPa) 32.7 25.2 328" 27.49 -
B (GPa) 56.1 413 569, 57.79® 549 47.11® 55.6”
G (GPa) 38.1 31.3 - - -
E (GPa) 93.2 75.0 - - -
v 0.223 0.197 - - -
B/G 1.472 1319 - - -

H,(GPa) 7.80 7.69 - - .
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From Tablel, we can see that our
calculated results are in good agreement with
the previously works. The lattice constant
calculated from LDA is 2.32 % smaller than the
value from experiment and it is only 1.32 %
higher than the experimental value by using GGA.
We can see that LDA gives a slightly smaller
lattice constant and a

modulus than GGA.

slightly larger bulk

Mechanical properties

The elastic constants and elastic moduli

are the crucial information to study the
mechanical properties in materials. All elastic
constants and bulk moduli calculated from LDA
are slightly larger than those values calculated
from GGA, by the reason of the lattice constant
calculated from LDA is slightly smaller than that
calculated from GGA. The calculated elastic
constants for cubic Na,O are listed in Table2. Our
calculated elastic constants are consistent with
other calculations. Note that, there are no
experimental results for elastic constants in
cubic Na,O.

The elastic constants Cy; represents the
elasticity in length whereas the other elastic
constants, C;, and Cq, represent the elasticity in
shape. In general, we can see that C;; has the
largest value, implying that the deformation in
length is stronger than the deformation in shape.

Moreover, the stability of crystal can be
considered from the mechanical stability. For
cubic structure, the mechanical stability must

obey Born’s criteria (23) by the limitations on

elastic constants as following relations, C;; > 0;

Caq > 0; Cyy = Gy, > 0; C4+2C,, > 0. Our calculated
results from both LDA and GGA calculations
indicate that the obtained elastic constants of
cubic Na,O at ambient pressure satisfy the
mechanical stability criteria.

The calculated elastic moduli including
the bulk modulus (B), shear modulus (G),
Young’s modulus (£), Poisson’s ratio (v), and B/G
ratio are also listed in Table2. The bulk modulus
(B), shear modulus (G) and Young’s modulus (£)
reflect the resistance of materials against volume
change, the resistance of materials against shape
change and stiffness of materials, respectively.
By using VRH approximation, the bulk modulus
(B) from both LDA and GGA approximations are
consistent with those obtained by the third-
order Birch-Murnaghan equation of state fittings.
Our calculated bulk moduli are in good
agreement with the experimental value. The v
and B/G value are used to determine the
brittleness and ductility of materials (24). A
material with v < 0.26 or B/G < 1.75 is brittle, if
not it is ductile. From Table2, the calculated v
and B/G values from both LDA and GGA
approximations indicate that cubic Na,O
compound can be classified as brittle material at
ambient pressure. The B and G also are used to
determine hardness in materials. Hardness is a
measure of the resistance of materials against
the deformations. The hardness (H,) of cubic
Na,O is determined using the equation proposed
by Tian et. al. (25) for low hardness materials,
written as, Hy = 0.92(%)1'13760'708. From this

relation, we can see that the high hardness

corresponds to the high G/B and G values. The
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hardness values calculated from LDA and GGA
are 7.80 GPa and 7.69 GPa respectively. The
calculated hardness obtained from LDA is a bit

larger than that obtained from GGA.

CONCLUSION

In summary, the

method within LDA and GGA

first-principles
calculations
approximations were used to investigate the
structural and mechanical properties of cubic
Na,O. The calculated lattice constant and elastic
constants are in good agreement with the
available experimental and theoretical data. All
elastic constants and bulk moduli calculated
from LDA are slightly larger than those values
calculated from GGA, by the reason of the lattice
constant calculated from LDA is slightly smaller
than that calculated from GGA. By using the
calculated elastic constants and Born’s criteria,
cubic Na,O was found to be mechanically stable
at ambient pressure. Moreover, the elastic
moduli such as bulk modulus (B), shear modulus
(G), Young’s modulus (£), and Poisson ratio (v) of
cubic Na,O were obtained by the calculated
elastic constants (C;). The Poisson’s ratio and B/G
ratio indicate a brittle manner of cubic Na,O. The
hardness of cubic Na,O also were obtained by
the G/B and G values. We hope our work will
provide more understanding and information for

the researcher in Na,O material.
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ARTICLE INFO ABSTRACT
Article history: This research aims to water quality improvement by
Received: 4 June, 2020 bioaugmentation process (Biological) in Buen Kaennakorn. The selected
Revised: 17 June, 2020 microbes consist of 3 stains Pediococcus spp. Pichia spp. and Dekkera spp.
Accepted: 3 July, 2020 that input into 10 points of Buen Kaennakom. The parameters that effect

Available online: 14 August, 2020 to eutrophication phenomenon was measured. This research found that

DOI: 10.14456/r-rmutt.2020.15  temperature in Buen Kaennakorn between 29-35 °C that suitable for growth

Keywords: of organisms, aquatic plants, and algae. The pH at release point of
water quality improvement, — microorganisms was between 7.5-7.9 that also suitable for growth of
Bueng Kaennakorn, organisms, aquatic plants, and algae. Dissolve oxygen (DO) was 10.8-4.5 mg
biological process, selected L™ The initial state, dissolve oxygen was less than 5 mg L™ that was not
microbes, eutrophication suitable for rest area. After biological treatment with selected microbes that
phenomenon can be increase dissolve oxygen and lead to high water quality category 2
that suitable for rest area. In term of nitrogen: phosphorus ratio was
R = 11.155 mg L™ that higher than 10. This ratio was showed the higher
nitrogen in water resource and phosphorus was limits the eutrophication

phenomenon in Buen Kaennakorn. After biological treatment with selected
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microbes that can be decrease the nitrogen: phosphorus ratio was R = 6.275

mg L that can be reduced within specified range and was not affect to

eutrophication phenomenon. In term of blue green algae that was

investigated with optical microscope. The results showed that selected

microbe can be destroy and decrease of algae. Therefore, the selected

microbe that good choice can be used to water quality improvement in

Buen Kaennakorn and effective for water quality improvement.
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ARTICLE INFO ABSTRACT
Article history: The objective of this research was to study the appearances of
Received: 5 May, 2020 latent fingerprints occurring on different types of metal by using the
Revised: 29 June, 2020 dusting method. The black power was used to compare quality
Accepted: 22 July, 2020 appearances. The sample group consisted of six members including 3

Available online: 14 August, 2020 men and 3 women. The experiment was conducted by testing3 men on

DOI: 10.14456/rj-rmutt.2020.16  five different types of metal including copper sheet (C1100), Brass sheet

Keywords: appearance of (C2801), Galvanized sheet (G3302), coin and Aluminum. The duration of
latent fingerprint, sex, the experiment was 1 hour, 3 hours, 6 hours, 1 day, 3 days, 5 days, 1
round, time, metal type week, 2 weeks, 3 weeks and 4 weeks repeating 3 times. The women was
testing the same as men. After that, the AFIS machine was used for
minutiae count to compare the appearances of the latent fingerprint.
The results indicated that the appearances of latent fingerprint between
male and female were significant difference. The statistically significant
result was 0.05 (T = 1.672, Sig = 0.000) After consideration, The
appearances of latent fingerprint in male were more obvious than female
and the quality of latent fingerprint appearances in each metal was
statistically significant difference 0.05 (F = 7979.118, Sig = 0.000) founded
that copper, brass and coin had high resolution respectively there was

no a significant difference on the quality of latent fingerprint appearances
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in each duration with repeating 3 round and times. Types of metal giving

the high resolution are copper, brass and coin respectively. As the

different types of metal have different porous, the different porous occur

due to different chemical bond. The research indicated that metals are

the interesting physical evidence due to the high in daily life. Although

1 month passed, the resolution’s still obvious. Therefore; Metal can be

used for physical evidence in a crime scene.
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web, Joget workflow in the organization easily tracking documents and to prevent document
loss issues within an organization. Staffs in the organization of each
department can check the address of the document from the
document tracking report within the website so increasing efficiency for
the organization. The proposed system is developed from the
navigation of Joget workflow conjunction with PHP language. The
complete proposed system is installed and evaluated form 3 experts
and 30 users by using satisfaction assessment questionnaires. The result

assessment from expert show that the average value of 4.45 and the
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standard deviation value of 0.85, and the result assessment form users

show that the average value of 4.50 and the standard deviation value

of 0.97. The systems can tracking document jobs which is convenience

for users and prevent loss of documents within organization.
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Article history: The aim of this research is to study and analyze the current
Received: 12 May, 2020 operations and bottleneck of loading process of Wood Substitute
Revised: 19 June, 2020 industry by using Value Stream Mapping (VSM) to identify ways to
Accepted: 29 July, 2020 reduce non-value added time of loading process. Then, simulation

Available online: 20 October, 2020 models are used to evaluate and compare the efficiency and

DOI: 10.14456/r-rmutt.2020.18  effectiveness of each improvement idea. The case study used in this

Keywords: value stream research is a warehouse in a company that manufacture and sales of

mapping, simulation model, wood substitute products. The improvement effectiveness is

loading process, process measured by two criterions which are an average total time of loading
improvement, wood process and an average waiting time at warehouse. The researchers
substitute propose four ideas to reduce non-value added time including 1)

Reduce pick and transfer goods while loading 2) Reduce a waiting time
of loading the uncompleted manufacturing and packaging 3) The
combination of reduce pick and transfer goods while loading and

reduce a waiting time of loading the uncompleted manufacturing and
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packaging and 4) Adding load resources. The results show that adding

load resources idea is the most effective way to reduce the average

total time of loading process and the average waiting time at

warehouse. The reduction of the average total time of loading

process, the average waiting time at warehouse for Flatbed Truck, and

the average waiting time at warehouse for container truck are 3%,

92% and 94%, respectively.
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ARTICLE INFO ABSTRACT
Article history: Every year, an empty fruit bunch (EFB) is extensively
Received: 5 June, 2020 produced in Thailand, and this EFB has the potential to use it as the
Revised: 3 July, 2020 source of energy. A novel waste-to-energy technology of converting
Accepted: 30 July, 2020 this agricultural waste into the value-added product has been

Available online: 20 October, 2020  studied. Microwave-assisted pyrolysis (MAP) is selected as the case
DOI: 10.14456/rrmutt.2020.19 study. However, to extend the study of represent model of the

Keywords: biodiesel, empty  biodiesel production plant, the development of the mathematical
fruit bunch, process equation of this plant was performed with the aid of Design-Expert
modelling, response surface  V.12.0.8 (trial) software. The distillate to feed ratio of the distillation
methodology (RSM) column, the temperature of a heat exchanger, and the pressure of
a decanter drum is selected as the independent variables for
determining the product yield and utility cost. The result showed
that the characteristic equations which can be used as a
representative model for the yield of biodiesel, the yield of gasoline,
and utility cost were significant with a 95% confidence level. The R-
squared value predicted by the model was found to be 0.95-1.00.
The mathematical model can be used for the analysis of product
yield and the operating cost. The target of optimization has been set

for maximizing product yields and minimizing the utility cost of the
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plant. The result showed that at the optimum operating conditions

of the set of constraints e.¢. distillate-to-feed ratio, the temperature,

the pressure were 0.9, 60 C, 21.83 bar, respectively. At this optimum

point, the values of biodiesel yield, gasoline yield, and utility cost

are 5,909.45 keg/hr., 4,169.92 ke/hr., and 514.23 USD/hr., respectively.

INTRODUCTION

Nowadays, an empty fruit bunch (EFB)
has been excessively produced in Thailand.
According to the news report, the quantity of EFB
produced in Thailand was around 34,114 tons in
2019. EFB has a potential as a source of energy
to produce the precious product such as bio-oil.
Many of research utilized fast pyrolysis to
transform this agricultural residue into the bio-oil.

But, recently, the novel technique of fast

pyrolysis that it utilized the microwave
substituting  the fluidized bed is called
Microwave-assisted  pyrolysis ~ (MAP).  This

technique has benefits for improved conversion
efficiency of electrical power to heat, lower
overall energy consumption, and a less complex
stream of the pyrolytic products (1, 2). Therefore,
this work developed the MAP process of EFB in
Aspen Plus V.8.8 software. However, to extend
the analysis of the model of the biodiesel
production plant, the mathematical model is
studied. Since the biodiesel plant has a purpose
to generate biofuel production, some of the
operating parameters will be investigated to
maximize the yield of the product. In the case of
mathematical development, this work utilized
Design-Expert V.12.0.8 (trial) for designing the
experiment and evaluation of the characteristic

equation of the model.

Therefore, the objective of this work is
to develop the fast pyrolysis plant, and the
mathematical model of some independent
parameters with the yield of the production
plant. Developing this mathematical model can
be used for optimization for maximizing the

profit, and minimizing the utility cost.

MATERIALS AND METHODS

Process modelling

Table 1 Proximate and ultimate analysis of EFB (4)

Ultimate analysis Air-dried (% wt.)

Carbon 43.80
Hydrogen 6.20

Oxygen 42.64
Nitrogen 0.44

Sulfur 0.09

Proximate analysis

Moisture 8.34

Volatile 73.16
Ash 6.30

Fixed Carbon 12.20

Since the EFB is the raw material of this
work, the elemental composition is presented in
Table 1. The composition utilized in this study
was cited from Kerdsuwan et al. (3). The base
method of properties is selected for SOLIDS. The

assumptions of the simulation were set up as
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follows: (a) The model is steady-state, (b) The
model is isothermal and no pressure loss, (c)
Most of the chemical device takes place at an
equilibrium state, (d) All gases are ideal gases.

In the case of flow rate of EFB, it has
been assumed for 28,000 kg/hr. For the operation
process of the biodiesel production plant, the
pretreatment is firstly required for modifying
properties of EFB to be matched with the MAP
mechanism. These pretreatment processes [Al]
are drying and grinding. The purpose of drying is
to remove the moisture content of the raw
material since it possibly reduces the
performance of the fast pyrolysis. But in the case
of microwave implementation on fast pyrolysis,
the moisture content will be acted as the
microwave absorber that consequently improves
the microwave heating mechanism (4). Hence,
the appropriate range of moisture content
should be reviewed. According to the work of
Omar et al. (5), they have stated that the
estimated proper moisture content was around
30% wt. for maximizing the microwave heating
mechanism. Hence, this study selected the
moisture content of EFB for 30%. Another
pretreatment process is grinding. This step is to
purposely reduce the size of the feedstock to
enhance the pyrolysis mechanism. In the case of
conventional fast pyrolysis, according to the
review of Bridgwater (6), he has reported that the
typical range of optimal size of EFB for fast
pyrolysis is between 250 — 500 um. In the case

of MAP, Zhang et al. (7) has already summarized

that the optimal particle size of any biomass
feedstock that was reacted with the microwave-
induced pyrolysis reaction should be roughly two
times larger than the one that used for
conventional pyrolysis. Hence, this work utilized
the particle size for approximately 800 um. When
the pretreatment process has completely
performed, pretreated EFB is then moved to the
MAP process [A2] to transform into the value-
added product, which is syn-gas, bio-oil, biochar.
The kinetic reaction of fast pyrolysis of this study
mostly cited from the research work of Peters et
al. (8). These three products are mixed in a single
stream and needed to be separated of each
other in the separation section [A3]. Then, the
cyclone will firstly separate the biochar of the
pyrolyzed vapor. To separate the condensable
vapor of incondensable vapor, this work utilized
two flash drums condensate the bio-oil in vapor
form. The by-products of this plant, the syngas,
and biochar, were used for providing the heat
inside the plant through the combustion process
(Ad). The main product of this work, bio-oil, will
be further processed on the upgrading section to
remove the impurities. The schematic of
pretreatment, MAP, separation, combustion was

shown in Figure 1.
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Upgrading

B (hydrotreating)

{515 }>@-{ss 5

For the upgrading section [A5], the
hydrotreating process is performed in this sense.
The hydrotreating required H, gases to react with
bio-oil to pull out the impurities, which are
basically oxygen and sulfur content. The
required hydrogen consumption in this study was
assumed for 0.05 g H, / g bio-oil (9). After the bio-
oil has completely hydrotreated, this upgraded
stream will be transferred to the distillation
section [A6] to separate the gasoline and
biodiesel production of each other. This study
utilized two distillation columns to remove
gasoline and biodiesel, respectively. The
operating conditions of both gasoline and diesel
columns have been shown in Table 2.

Apart from the precious products, the
heavy stream, as a heavy residue of the
distillation process, will be introduced into the
hydrocracking process [A7] to performs the
extraction of H, gases to recycle within the plant.

The schematic of hydrotreating, distillation, and

Figure 1 Pretreatment section [Al], MAP section [A2], Separation section [A3], Combustion section

[Ad] in Aspen Plus

hydrocracking section that developed on Aspen
Plus software was shown in Figure 2.

To summarize the operating conditions
e.g. temperature and pressure, Table 3 has
provided information on the main equipment

throughout the plane.

Table 2 General information of distillation columns

Conditions Gasoline col. Diesel col.
Calculation type Equilibrium Equilibrium
Number of 9 8
stages
Condenser Partial-vapor- Total

Liquid
Reboiler Kettle Kettle
Reflux ratio 1.2 1.2
(mass basis)
Distillate to feed 0.51 0.45
ratio
The free water 0 0

reflux ratio
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Figure 2 Hydrotreatmg section [A5], Distillation section [A6], Hydrocracking section [A7]

Table 3 Temperature and pressure in each equipment

Section Equipment Temperature/ Pressure

B20 (compressor) (-) / 1.2 bar

Pretreatment (A1)
B19, B7 (heat exchanger) (-) / 1.2 bar

PYR1 (pyrolysis combustor, RYield)
Fast pyrolysis (A2) PYR2 (pyrolysis combustor, RCSTR) 500°C/ 1.2 bar
PYR3 (pyrolysis combustor, RYield)

B9 (Flash drum, Flash2) 100 °C / 1.01325 bar
Separation (A3) B15 (heat exchanger) 250 °C/ 1.01325 bar
B8 (Flash drum, Flash2) 50 °C / 0 bar
B10 (compressor) (-) /10 bar
Heat recovery (Ad) B13 (Ryield) 1,296 °C / 10 bar
B12 (RGibbs) 1,296 °C / 10 bar
PUMPBO (compressor) (-) / 87 bar

Hydrotreating (A5)
H2-COMP (compressor) (-) / 87 bar
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Section

Equipment

Temperature/ Pressure

HX1-COLD (heat exchanger)
HDT (Ryield)

360 °C / 87 bar
387 °C / 87 bar

FLSH-HDT (flash drum, Flash2)

Distillation (A6)

PSACOL (pressure swing adsorption, sep)

50 °C / 20 bar
40 °C / 14 bar

BOTPUMP (compressor)
H2-COMP (compressor)
HX3-COLD (heat exchanger)

Hydrocracking (A7)

HCK (Rstoic)
COOL-HCK (heat exchanger)
FLSH-HCK (Flash 2)

(-) / 90 bar
(-) / 90 bar
550 °C / 90 bar
677 °C/ 90 bar
50 °C / 1.01325 bar
50 °C / 20 bar

Design of experiments

To achieve developing the process
modeling, the experimental investigation should be
performed for collecting the data as a result of the
simulation. These data will be further used to
develop the mathematical model of the biodiesel
production plant. To developing the useful model,
the suitable relationship between the independent
variables and the response values is required. The
objectives of this work are maximizing the product
and minimizing the operating cost. Therefore, the
yield of biodiesel, yield of gasoline, and utility cost
are selected as the response values. In terms of the
independent variables, the major parameters that
significantly influence on the defined response
were presented. In this sense, the distillation
section is one of the most promising processes that
directly influence the distinguish of gasoline and
biodiesel out of the mixing stream. For the
literature review, it has been founded that the main

energy consumption shares a typical chemical

plant accounting for around half of the total (10).
To match the distillation column specification, the
distillate to feed ratio of the column is selected as
one of the variables. For the other two variables,
this work selected the pressure of the flash drum
(FLSH-HDT) and the temperature of the heat
exchanger (COOL-HDT) as the independent
variables. These two devices purposely remove the
light hydrocarbons (C1-C4) and H, gas out of the
hydrotreated stream. According to the study, these
light hydrocarbons acted as the toxic compound in
the bio-oil production (11). Apart from the
independent factors, the other parameters were
assumed to be a constant value.

After specifying the levels of independent
factors, the levels were entered into the Design-
Expert 12.0.8 (trial), and the experimental design
matrix was given, as shown in Table 4. According to
the methodology used 16 runs were obtained.

Subtype was randomized. The design type was

Central Composite Design (CCD).
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Table 4 The design matrix of the experiment Table 5 Detailed compositions of the gasoline
Level of factors employed and the biodiesel obtained from the simulation.
Run AQ) B (°O) C (bar) Mass fraction (%)
1 0.825 40 25 Compositions Gasoline  Diesel
2 0.825 6.36414 25 WATER 132 0
3 0.9 20 15 o, 0.54 0
¢ 0825 40 25 PROPANE 0.23 0
5 0.698866 40 25 PROPENE 011 0
6 0.951134 40 25 BUTANE 121 0
7 0.825 40 8.18207 PHENOL 003 061
8 0.9 60 15 P-ISOPROPENYL-PHENOL 0 0.62
9 0.825 73.6359 25 BENZENE 583 0
10 0.825 40 41.8179 TOLUENE 164 0.02
1 09 20 3 M-XYLENE 077 082
12 0.75 20 15 ETHYLBENZENE 0.67 0.45
13 0.75 20 » ISO-PROPYLBENZENE 0.42 3.87
14 0.75 60 » PENTANE 3.04 0
15 0.9 60 » N-HEXANE 6.11 0
16 075 50 1> N-HEPTAN 613 001
Where A is distillate to feed ratio of N-OCTANE 6.6 0.66
distillation of biodiesel in mass basis; B is the N-NONANE 0.91 5.29
temperature of heat exchanger [COOL-HDTJ; C is MTYNONAN 0.13 >03
the pressure of flash drum [FLSH-HDT] UNDECAN 0.01 >81
DODECAN 0 6.23
RESULTS AND DISCUSSIONS TRIDECAN 0 576
The product composition of biodiesel TETDECAN 0 >
and gasoline, as a result of simulating the Aspen PENTDECA 0 6.68
Plus, has been shown in Table 5. OCTDECAN 0 602
CYCLOPENTANE 5.58 0
CYCLOHEXENE 11.44 0
CYCLOHEXANE 15.76 0
METHYLCYCLOPENTANE 10.68 0

METHYLCYCLOHEXANE 12.07 0.06
N-PROPYLCYCLOHEXANE 0.85 11.9
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Mass fraction (%) For the CCD, a total of 16 experimental

Compositions Gasoline Diesel runs of formulations was proposed by Design

Experts software. It can be noticed that the run

BICYCLOHEXYL 0 7.89

number 4 can be neglected because it has the
BICYCLOPROPYLHEXYL 0 7.02

same set of variables. Three factors are focused
NAPHTLEN 0 2.56

on, including the distillate to feed ratio of
CHRYSENE 0 14.23

biodiesel column (A), the temperature of heat
FURAN 1.97 0

exchanger [COOL-HDT] (B), and the pressure of
DIMETHYLFURAN 4.32 0

flash drums [FLSH-HDT] (C). The investigation
ETHANOL 0.42 0

then examined the various effects of the
PROPANOL 0.44 0

independent factors on the yield of biodiesel
BUTANOL 0.43 0

(kw), the yield of gasoline (kg/hr) and utility cost
HEXANOL 0.02 0.28

of this plant (USD/hr), to develop the
PENTANOL 0.29 0.1

characteristic model. The expected values for
CYCLOHEXANOL 0.07 0.66

the plan of the experiment along with the

recorded responses are presented in Table 6.

Table 6 Experimental matrix of CCD with defined response values

Level of factors employed Responses
Run AQ) B (°Q) C (bar) Y, (kg/hr) Y, (kg/hr) Y5 (USD/hr)
1 0.825 40 25 5,904.42 4,145.34 528.07
2 0.825 6.36414 25 6,245.04 3,500.96 544.70
3 0.9 20 15 6,080.53 4,047.73 531.52
4 0.825 40 25 5,904.32 4,146.09 528.07
5 0.698866 40 25 5,441.36 4,675.33 533.06
6 0.951134 40 25 6,300.68 3,704.23 520.34
7 0.825 40 8.18207 5,486.66 4,771.30 524.32
8 0.9 60 15 5,756.67 4,372.41 512.88
9 0.825 73.6359 25 5,631.94 4,411.90 513.09
10 0.825 40 41.8179 6,179.30 3,548.35 530.51
11 0.9 20 35 6,533.09 3,089.74 536.98
12 0.75 20 15 5,587.27 4,614.40 535.15
13 0.75 20 35 5,999.73 3,727.11 539.75
14 0.75 60 35 5,647.82 4,352.32 520.09
15 0.9 60 35 6,148.76 3,774.51 516.58
16 0.75 60 15 5,288.15 4,893.06 516.66

Where A = Mass to distillate ratio of DIESELCOL, B = Temperature of COOL-HDT (°C), C = Pressure of FLSH-HDT (bar), Y, = Yield
of biodiesel (kg/hr), Y, = Yield of gasoline (kg/hr), Y5 = Utility cost (USD/hr
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According to Table 6, the set of
response will be used for developing the
mathematical equation as a representative
model of the system. The polynomial equations
will be present as a relation between the varying
parameters and the specified objectives of this
of variance of the

study. The analysis

characteristic equation was performed. The
results of the analysis are shown in Table 7. In
this case, if the P-value of any independent
variable is lower than the significance level of
0.05, it will be considered that the variable is
significant with a confidence level of 95%. The
model of the yield of biodiesel, yield of gasoline,
and utility cost were found to be significant with
a predicted R-Squared value of 0.9972, 0.9925,
and 0.9595, respectively.

[t can be noticed that all of these

independent parameters, a distillate-to-feed

ratio of a distillation column, the temperature of
the heat exchanger, the pressure of flash drums,
are significant with the proposed responses. For
physical conditions of the heat exchanger and
flash drums, are somewhat certainty relevant to
the product yield and cost. Because these two
independent parameters are the conditions that
directly influencing the product composition as a
result of changing its physical properties e.s.
phase separation. But in the case of the distillate-
to-feed ratio, its effect on the product
composition might be not obvious. However,
there is similar research that has experimented
on the distillate-to-feed ratio on energy
consumption in the separation device. They
reported that this ratio was significantly impacted
the product purity, as a result of the reflux rate
of the condensed product at the overhead of the

column (12).

Table 7 ANOVA of linear, quadratic and interactive terms of the biodiesel production plant on

responses (P-value)

P-value of the responses

Sources
Yield of biodiesel Yield of gasoline Utility cost
Model < 0.0001* < 0.0001* < 0.0001*
A-distillate-to-feed of distillation column < 0.0001* < 0.0001* < 0.0001*
B-temp. of heat exchanger < 0.0001* < 0.0001* < 0.0001*
C-pressure flash drum < 0.0001* < 0.0001* 0.0006*
A*B 0.1073 0.1949 -
A*C 0.0532 0.1278 -
B*C 0.0095* < 0.0001* -
A*A 0.0156* 0.0786 -
B*B 0.0135* 0.0003* -
c*C 0.0004* 0.4240 -
R? 0.9996 0.9990 0.9780

“significant
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The model proposes the following
polynomial equations for mass yield of biodiesel
(Y,), mass yield of gasoline (Y,), and utility cost
(Y4), respectively:

Y, = 1,468.27 + 6,685.77A -5.48B + 25.81C -4.76AB
+ 12.09AC - 0.08BC - 2,083.47A% + 0.03B2 - 0.25C2
(1)

Y, = 9,966.04 — 8,884.09A + 7.25B — 40.60C +
8.8AB — 21.31AC + 0.44BC + 3,165.08A% — 0.16B?
+0.07C? 2)

Y5 =569.28 - 34.25A- 0.48B + 0.20C (3)

The linear graph plot of the responses,
as a result of varying the variables, is shown in
Figure 3. This figure signified the comparison
between predicted and simulation value of mass
yield of biodiesel, the mass yield of gasoline, and
utility cost by graph Yy, Y, Y3, respectively. It can
that the linear

be observed developed

correlation is fitted well with the actual value.
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Figure 3 Linear correlation plot between the
simulation and predicted response
where Y, is the yield of biodiesel; Y, is
the yield of gasoline; Y5 is utility cost

For obtaining the optimal operating
condition of interested independent parameters,
the target of optimization has been set for
acquiring the highest product yield and lowest
utility cost. The optimum operating condition

and outcomes have been presented in Table 8.
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Table 8 The optimal condition of the plant

Constraints

Target Optimal
(Independent

factors) (importance) value
Independent factors
Distillate-to-feed ratio In range 0.9
The temperature (°C) In range 60
The pressure (bars) In range 21.83

Responses
Biodiesel yield (kg/hr) Maximize 5,909.45
Gasoline yield (kg/hr) Maximize 4,169.92
Utility cost (USD/hr) Minimize 514.23
CONCLUSION

This work focused on the effective
utilization of agricultural waste, EFB in this case,
to create some value-added bio-oil. The novel
technology of fast pyrolysis where microwave
heating is implemented was utilized. The
developed mathematical model of the operating
parameters in the distillation section with the
objective of maximization of product and
minimization of utility costs are also studied. The
result showed the developed characteristic
model indicated that the distillation process
directly influences both of the yields of product
and utility cost of this biodiesel production plant.
The temperature and pressure, as conditions of
the separation process, are certainty significant
with the yield and cost, because of its capability
of changing the phase of a product. For the
distillation column, varying the distillate-to-feed
ratio is recycling the condensed product, which
has been undergone the distillation process,

strongly related to the purity of the product, and

subsequently the energy consumption of the

column. These developed equations can be
utilized for further analysis on the maximization

of product and mitigation of operating cost.
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Technology Suvarnabhumi along with mean and standard deviation
used for data analysis. The results revealed that Chatbot application for
student services in the case study of the Student Development Division,
Rajamangala University of Technology Suvarnabhumi got the highest
efficiency level in development, with the average value of 4.50, and
standard deviation of 0.20. The satisfaction of users of Chatbot
application for student services in the case study of Student
Development Division, Rajamangala University of Technology
Suvarnabhumi was at the high level, with the average of 4.46, and the
standard deviation of 0.03, which means that the developed Chatbot
application can effectively reduce the questionnaire answering time of
student development staff and students at Rajamangala University of

Technology Suvarnabhumi.
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ARTICLE INFO ABSTRACT
Article history: Chemicals are used in studies, experiments, and research from
Received: 28 May, 2020 the laboratory called chemical wastes, that may be in the form of solids,
Revised: 19 June, 2020 liquids, or gases. In case of improper handling, these wastes probably
Accepted: 6 August, 2020 affect human health and contaminate the environment. This project

Available online: 20 October, 2020 was studied at the environmental engineering laboratories of the

DOI: 10.14456/rj-rmutt.2020.21  Rajamangala University of Technology Suvarnabhumi. The purpose of

Keywords: chemical, this project is to create a management system for chemicals and
hazardous wastes, hazardous wastes from laboratories, and to evaluate the knowledge of
management, laboratory students who are laboratory users. This study can be divided into 3 parts

that are chemical management in the laboratory, hazardous waste
management, and prevention of hazards in the laboratory. The
information systems and chemical storage platform using the GHS
systems (Globally Harmonized System for Classification and Labeling of
Chemicals) were investigated and were able to classify the 3 types of
chemicals according to hazards in the laboratory that were physical

hazards, health hazards, and environmental hazards. For chemical
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waste management, the studied laboratory generated hazardous liquid
wastes which were collected into corrosion-resistant containers, and
hazardous solid wastes were managed by preparing a suitable container
in order to collect wastes during waiting for appropriate disposal. The
aspect of safety and prevention of the hazards in laboratories was
developed the media to communicate to all laboratory users that are
signboard and video regarding to hazard types, chemical waste types,
and laboratory safety. The researcher evaluated the comprehension of
48 students by conducting pre-test and post-test in 3 studied parts. The
results showed that students had more knowledge in all aspects. The
increase of knowledge for chemical management in the laboratory,
hazardous waste management, and prevention of hazards in the
laboratory was 36%, 27%, and 24, respectively. This obviously indicates

that the students understand the laboratory management system,

which leads to use the laboratory much more correctly and safely.

UNANED

Asleaseillunisiseu nsvnaslazIve
VnlhAnansiedimdefimtevuieuiidenin veude
wil 9190gTugUresweuds voumad wiefg veq
L?{EJmdﬂﬁmﬂhiiéffi]’mﬂﬁasmgﬂ%%mmﬁmmaﬂﬁzwu
sﬁaqﬁumwuw&mzﬂmﬁaué?aLLfmﬁaafLéf A159AYIN
Immuﬂ%y’aﬁﬁi’mﬁmszadﬁ iledavinszuunisdanis
a1l uazrendudunsigannesluanig
Imnssudswndentazyseiliunanuiindnw
aviranssudanden TnautsnisAnweandu
3 finu fie NM3dnNsansediluiesuRAnis auns
IANITUDUAYIUATIY NITRIUINNTBIAUSURTY
sulinaniesUUAn1s nan1s@ne1n1sdnLiy
asaillaglivaniovied aunsadunaIsiainig
Anududunsieeanidu 3 aqu lawn 1. f1u
NEAIN 2. ATUFVAIN LAz 3. FuEwIndou 13
Jansvendunil anunsawvalsvinnveadeladu
2 Uy Ao 1. veduduns1evianveaial 2. 984

VU UnT18vHAYRILT 18RS IUA1TUE IS

LeneuUsELAMLT 859UTINd IS neE 19 N5
wwnmstesdunseluesuiiinig fanwdamh
Ureliarnuduarialeid sadvussianannudy
dunse UsetanvendeiniuazisnisUesiudunsiey
lunisldviesuJUanis vinisuseidiuainug A
Wnlavesln@nwrdiuau 48 au udsnsnegeudu
3 fu il 1. msdavansadluosjoing i
wamiwmaauﬁﬂﬁﬂmﬁmmi"l,ﬁ'wﬁu%’aeaz 36

a va

2. M3dansvetdeluriesufuins a1nuanns

v
=~ 1%

nageuinAnwidanuiiiudusesay 26.5 uay
3. ns¥esiudunsieluiesuufinis anuanis
nagoutnAnuiinnudifivdudosay 23.9 Fauans
TiiiwidnAnwdanudilalunisldiesufifinig

pgNgNABLarUaenfiundey

A1§1AY: a15.all Voududunsie N1SIANIS

Vo uAns



Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020 97

ISSN: 1686-8420 (Print), 2651-2289 (Online)

NI

arsadlduindenudidglunisveasiuay
mavheuadeluiesufoRnsivareviad uey fu
TgUusvasavasmsveaedulf iinsuasanide e
wuseenibungulug 4 2 ngu Ae ansuseneudumsd
waza1sUsynevedunsd (1) nMsduunanudy
Surmevesansiedinfeyldiuegaunsvansie szuu
nMsiuunUssauaznsinaanasaifiduszuy
Wieatualan (Globally Harmonised System for
Classification and Labeling of Chemicals, GHS) (2)

nsldansedlunisseu nsaeu suds
ATeRng 9 TlRiAnaseindeiievudou
Foni1 veadsdunseainiesfiinng deldun
asiafvdeldluvesufuinaiedl arsiadilingu
Fo arsiadfinunorgnsold ouanin a1siafii
vn$rlnauazifiundufuin dvihazaneduvdd nann
Tawagudonnaitlidarunsahluldusslowilasn

soluluiesufiRnisindivazdndudosidafislag

o A

381038uila (3-5) uenanddsudeingdu q fign
Yuideu 1 geile nsznw ludu (6) Fauduves
Fodunaefiedu vendesunsisussianveade
asiafidanansznudeauamuesiisideuas
Awanden mszmsinuidesingeddasaiiiins
anuazlnwannang GUftRmuLaifeadesildsy
wansznuianmadugildanneiiodasnseuay
vidoransynunsSennuan e AdluviosufoRns
wrensislagliuennguuenyssavenailildsy
Supsrnnueadeiiy 1y msssdamneasadly
vouduiuiiserdunazeradudomisvenis
Hilvaunsnszanegaandon (2)
Yaguunsumuauuaiiy lamnunisnisdn
LenUszinnvodeeaujUAnisd awandould
2 Usziaw fall 1. veadeusziandlaidudunse
I#un veadevily nszany/manadiniislaAald ui

VDUAYNHIUNITHILT OUAT @15ALA18UINTFIU

2. voudeUssnniidudunse e seadedsznan
A138EaNUNIANTDENTAZANEAN VDULEEUTELANNTA
Aflanzuanoy veudoUszinnarsdunididans
slalunaueg veudeUssinvansdunisilifans
glauraney lagn1sianisvesieauuanisdiu
ngjazvldnannisueniivreudenulsslnnng
a5z (7) wieusniiuamudssianiidusunsie
(6) WERaIUTIiedsidnsely wenanddiinis
lidunanlasianizvendeuseianvesmaiis
anmudunse sidesnadudu nsnduanldsnde
vinduanldlng 1wy davhazanedildfidudeUud
seigaguntin Wiosdlauilddsnsurause
st lunduddudrud otnduanldlngle
nsanazneulansuinluiidoifiensneannisas
f¥n SawdansanUSunaiiegeild (7) wieldiie
yosdedunseniesUfiRnstiesiian

WU UAn1sTainssud suand ou
uingrdoimaluladnuaagissund dadadu
dieUszneumsiseu nsaeu Tudweng 4 w3
UftAnseddmivimnssudandon UfoAnns
N193AIN550E wndan 1A5IIUNIeI AN Ty
fawrndou Wudu Wesdfuanisuuiduunds
AoliAnvendesunsededldiinmsandudinliiiu
fevdnuazUSnamewenduansiaiifint unudely
wiagdautatagiu wazdalufinnsduwunyseinnues

a va '

FeAna1nvesufURn15ee19dnau saudauuInig

£

INNSVDNFLAITALNDNADILALLMLE AN UITET

U

o

WingusvasdiiefnykuInidansasadl uaz

)}

veudusunreiiintuluiesufURn1s3mnssu
danndenlunsdaiuuazsensidnegnamngan
maonaunsUsiusunssnazuAlelgmouwinain
voudsinianiosufifinig wieuadenenass
Aus Aadlalunisdnnisveudeiniiuiin@nw

vl a Y A awa o a wa
wagnedasiufiRnuluiesujuninig



98 Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020

sANTUNNTIY

asAdun1sAnenuseanidu 3 dau
Usenousae @il 1. n1sAnwinisdanisansiadl
dii 2. MmsfnwUssinnuazdanisvendeadily
Vo uRng wazdwit 3. MsmuwImenislesiiu
Junsrgduinanvasdeainiesujudinig Insd
swaniden fil

1. Msdnwinisianisaisiadl 1aeviinis
dviiavesansiadiluesufifinsaivimnssy
Fwandon wavduunasieilaeldszuunissuun
Usuinnuaznisinaainansaiifidussuuieatuim
1an (Globally Harmonized System for Classification
and Labeling of Chemicals, GHS) 10 usguunns
TWUNUIZION NTARRAIN LAZAITLARITIBaIEYA
lulenansteyaninulasndie (Safety Data Sheet,
SDS) vesansiaiiuazallfausiiesdnsanusyaned
Waundwi olildd sansuariinnudilaieaiu
Sunseiinanaseiiy q lufiemaiertulae
ssuuiiinsdaudsarnudusunsieeendu 3 fu
Ao FunieaIm fMuguan uaziuAsandon ua
azgpunUsgesduridanng o uaslddydnwaluans
anuludunsie 9 5U ﬁaguﬁ 1 lnguanstiofanang
JULITIVDIBUATIIVDIANT ﬁaﬁumsﬁaaﬂuﬂduﬁﬁ
Anudusunsigegrafeaiu enalddnydnualla
wilouriu ﬁqﬁsﬁuagﬁms TUANTULTIVDIUATEY
Uszianu 9 (8) Tmgn1sAnaainuansmuduy
FURTIHUUNIYULUTIVAITATUAZTALA UR Y
wany snwslugiivaisiadl saegrawuumesuly
nssuunanaiadluviosufoRnisuansdansed 1

2. MSANIUTELNNLAEIANSURUALATIY

€

Mol Uin1s vin1sAnw1Useianuesveuded

v o
a = a

WinTuaInn1Inaae 338 Tuieslfdfins a1nd
IAWYNUTLLNNVDIVDLEY SIUNIFANIN VUL TBISU
WENAUUTZAN MNUAFATIILAZTIUTINNDTBNTT

o

A9

ISSN: 1686-8420 (Print), 2651-2289 (Online)

Exploding bomb

L.

a

N
)

HONES

Exclamation mark Environment Health Hazard

JUT 1 dydnvaluansmnududunsie 9 5U

= s ° =
fN1919N 1 Luunas MSLUﬂ’liﬁ]’lLLuﬂaﬁLmﬂu

¥ a wva
WOIUAUANIT
sz deydnwal .
o I v I
Y& AU LEANIAIU ANy -
. . o RFIGE
UNTIY Wuaunsne

3. AMIMUINIINTTBIAUTUATI8TULAA
Mnveadsnnviesufiins Inedavindrouasdeln
ANMUIUNUNAN®Y vin1suseilunaninuglagly
wuUNAARY N1snadeunoukasndnsiiaug
W AR NEIE1915 91T AINTSUF JWIng o

AMLAFINTSUANERSharAaNURENTIUAIERNS 91U

v '
uuﬂd

48 Au (MAdoy 100 LWesidus) Anwnluszaud

1-4 ydansnadeuidu 3 du liun 1. Aunsdaiv
a1sadiluiesufuinig 2. aunisdanisvedely
Woauuanis uay 3. a1unisdesdiudunsielu
WeeUUan1s Tisigvideyaideusunalasldans
NITUUILAEILATITY TRy AR N lAe 3T ANs

Suwunduanuses
NaNTSANEILAaZBAUTIENE

1. msvanIsaIAdluiesUguangs

ansadnldnngluiesufufinisiamnssy

dwnden i anerdeinaluladsvusnagssugl



Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020 99

ISSN: 1686-8420 (Print), 2651-2289 (Online)

drulng wuaduasadildlunissou nsaeu
ﬂﬁﬂ’ﬁmﬁﬁyugmuaxﬂﬁﬂ’ﬁmimqé’m’?mmiu
Fawndoudevas 70 swdensinwilaseunes
UndAnwisesar 30 wiiudnisdaiuaielugifiu
asieiutaenaufisnes uenansiasifiiduveuds
wazveunatoananiu lnelddnissyymnnuiu
JuUnT18999815:AT A15ANTuNISAnElavinng
SuunUszinnanududunsievesansiaiinusyuu
a1na GHS TuviesuFinns
nnsAnwviieansiadluieslfuinig
animnssudaneden nuasailuiesjiins
Wanue 101 ¥8n awsauenusziananuiy
unsels 81 wila lidaduarsinddunsiy 20 viia
dothuuenUszuananudusunsisvesaisiaidl
AUTEUU GHS Fuuneandu 3 au laud 1. f1u
AMentn wuslsziananududunsiseandu
3 Uselam fe 1) anshalvl 2) ansianseu uag 3) @13
pandlad 2. arugaain wuslszsianaudy
funseaandy 3 Usean Ao 1) N1sszANeLAed 2)
AU wdoundy wag 3) @15AANTaU way
3. §ud swandeu wuaUszianadusunsie
sonidumnudusunsiosedwindey §muin
asiaivuseiannsseanedeadisnuuannidudusiv
wils S5y 34 vfin Tnesaurinasadudaniy
AL dudunsonanafanisned 2 uarsui 1
witlansieiiunssdnenasiuunUssimeni
dupselavaneussinniasnuindasiadiunssiialy
Saduansuszandifenudusunsie Faduasiad
Alddmsunisisenesia sl slunisiasiea
ylakarMUIIUYRIRAUNSY niwhnsineain
uanaAUudunsIevesEsailngsEuy GHS way
Jansanswedilumneanysnuslaefintheuaniddiv
maamﬂ%ﬁmmLLazﬁTmNLwﬂmwmngﬁ’aé’ﬂwi
Anthesensusnamihgivasaiivansaduans

Foasiadl wunMUMIANY nYIIioarAINABnIs

wBuld vihnsuenifivansiediviinveauduazaisiadl
ilavesvmaroonaniu diuasaraefieseutuly
wosufiRmannnsSeusazmadarilasenudu §
W3vuAnsfnaaInlIT9v7n lnuilseazidunmng 9
1#un wiavesans Tuiwion Junuaeng ilelou

nuwasihnsuenivlugiivansiaiidnguile

A19199 2 Sururtaansiadluiesufuanisuus

@) (9}
ANUUTLLANAMUTUDUATIE

Uszian FuuvLn
N133EAELADY 34
Juduaseseaunm 19
a13nAnNIou 17
Nelduunau 16
SunsseRaIndey 13
ashalul 10
aseendlad 6

a"\‘ﬂ'ﬂ'ﬂ aqja:;%.lﬂ% - ﬁaa
Sunmosia 8% T

Huwmdou
16%

8%

_HunTIEN

frendgundu qUMH

13% A3fANIou 14% 16%

JUT 2 Fevavvornrnuidudunstevesaisiadl

Uszeameing o Nlgluiesufuanig
2. mssansveugeluiasiuaings

31nn1358 nw1vendsluiasujudinig
FFINTSUFWINGBY NauAdunsANwlUin1swen
UsennuwaranunIniureLdurdnuaand g
FaLau druveadsarseinduvearalddwenves
A Aa L | o & ‘A
Fendlgvsidunsanazaseanainiuingu lufiae

WaNaAnse9 (Secondary Container) taUasiunig



100 Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020

yn S lvaveswendy luivrevensvavidundaua

Y
v

A9 9 nn1saLiunsAnenuinveudsniinTu

a wva 1

TuesufUuAnsuudladu 2 Yssiam ldun voude

[

asuadiduresraInazvaddsvinuaanda G

arUsenniin1sannig sl

3UN 3 denwseulisesiuvenduansialivlinvosvan

v

2.1 veadeansediiluvesvariintuly
wosfuRnmananmsAnuluseinufoandns
VAARINITIATIERIATENe 9 Wevhnsmaaey
Apnadunsaang veadelniiiiadugauunn de
Aanudunsawiniu 0 wansindunsauiuazainy
\Jusnagedsdmdurendodszianiaddansou
(Corrosive Chemical) & Ainw1349ALAT oA VUL
soefureadeasialiiduvesnamendu 3 nwue
1oun §aUszanngn SeUsznneg wazdsfisessu
Y89Ld¥91NN153LAT1EYA COD (Chemical Oxygen
Demand) &sfinsadaiiiinuazlandey (9) Weouulu
YadsuasiiUsunanIsiAsIERuInnIINISEme s
duluvesufiAnts uansiaguil 3 Tasfidhouans
aududunmevesendoinil doyafiszyuuiie
Usznousie Useinnuosveade doweslfUAnns
FuiiFuussy uarTuiingaussqueads Useinnves
de/useinnanudusunsneg drudsznauresves
\de (indiseyls) Tnedsnldsessuveadnidud

naafnuseLnn HDPE PP %3e PE AinJndndn

ISSN: 1686-8420 (Print), 2651-2289 (Online)

YUINUTTY 10-20 Ans Adssesduiidnuenuiimslu
nswveade lneUsunauveudelinsiiu 80% vos
ANREINITLY Wi e udaensielunisifuuay
n15uAd oudne Smaseunianaaiin (Secondary
Container) T04ds7UsTQuoude ledosiunisvn
Hilvavesveade
2.2 Yssiamveseadeiinuesudeiiinu
Tuesufuinas loun
1. 1w vanasiadif ldnuauda
Wy Meufafiesussgnanitedaveuna
waw 90auds viewanaRnarlineusTgansiadivia
YAVBANAIATVDILDS
2. \n3paufa wiovanansiadiuan 1y
Udn Taism vasanaass Jninesiunniin $13m
3. gzUmd ouanaiadl Idun vozdid
mstuilouasiail vievssyfuridvudeuaiad
Wy nszaudisziifaaisiadivn qeile Lawin
wNIN
N13279019Uz s Uraud e vlnvesuds
1#un gunsailaTesuiiuan wInLias MUULUITY
asadldudinazasiadvanengyiin1s TIvsT Iy
FunsiumiesUfiing ludruvenadesudai
wndaSeudmanafnuuuiUnsesiu daueed
finsuudouaaind wu nszauinse qulleflldudn
faadlufweruinagedagunanidusnoonangds
vozialy T Uadadauazifusiusiunnivlag
fafiuluiufisafuilldiesedlifesenslmdn
919N T3
3. nrsnuuInIvUean ud unsI1ge UL AN
NovUgURN g
noun1sAilun1sAne) wuInnadeeiu
gunsreguinIIneslfuRnisiliieanisuugi
ngszileu Temisuuatunisleviesuumnisain

9191585 apuluusagIv vty Wedn1saniiunis



Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020 101

ISSN: 1686-8420 (Print), 2651-2289 (Online)

Anwnddlasaithonaz Aol unuimetety
Sunsne fatl

3.1 3nvidelianug §Anwladash
Wawmeslimnusludesussinnesansiadl Ussian
YosvedoLadl wasu1nsn1sidedeatuli vafu
asadsunse Anluiesljiinsuinuiinede
NI IULAZATAUAR

32 §avind olfanuun Und@nwr a1an
AFNTINA WINE oul ?fa’tﬁmmiﬂu?ﬁiaﬁﬁmﬁu
Uszinanududunsigvesasiadl Useinnveswes
@ ULATAINTEUU GHS N1STANISUBNEY LagwuInig
mstasiudunseluiosdiURnng Anuem 4.56 Wi
IFneunsnedseauladii oliind nwansaidads

Joyaladng

5U# 4 msusanedesiudiuyana

3.3 ns¥asiudiuynna 31nN158159aMS
Idgunsailesiudiuynnatindnuiluresfufinig
auimnssudndey dstlagiuinAnuiidun
liesuuinislunisviinismeaes lunisiseu wis
nsAnwUIYadnus wuinsesay 73 dnisaiuld

gunsailasiuasuiiu Seway 37 In1sauldeunsal

Josfuvrsdrusindu wu msanndennd vie
gefeifissegafir fedlsutunsldasaiusias
Usziand unna1afueenluniuninudunsie
wiegnslsinamninisiinisfnuiiinufazen
Juuss videiAnfefidusunse dndudosusene
waganildgunsnitestudiuynaaliimanzau il
Jostusuneofionnaziinanufoinig Tnednng
anldniinindesduleszineainaisiad wiumn

gailogns WvngauiunsufiRauiu o dsgun 4

3UN 5 Myurussnsedmiuduansiall

3.4 MsdawseugunsaiUesiudunsienay
Wnduluesdjifinig dd@nwiinsinieugunsel
UostugUfivg laun delansedmduduasiadl (8)
imnvseTilvaasuiuiieUesnisuninszateves
asiail lunsgaduansiedussinndviazans nin

& - S o Aa B |
w3ea esnnnyeduiangaduniianudesly
Toelalun1svmugasenad e Uunsaluands

sUR 5 §935n1stdaunsallawandludenlalunisiv

Y 9

o
a o o o a

ANusuATNANY LaginsAndsidundavile
nupflwid sz dunsaumasiiinaindanialy
T o & a o .:4 al
nudends e wieveunainlaln waznis
anludanlniianlndi 91w 2 90 fie USi
nMeUfURn1TuazusIuntIlnd eadiinegn
wszduuinafidunadiuldite aznansenisld

U woNNILATATIUNLRINIT G UINELaL YA



102 Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020

TRAYULIOITUTRNAEAN 9 TuiesUuRns Lanens

ISSN: 1686-8420 (Print), 2651-2289 (Online)

sunaadasnunaznistounilliundndnwndy

d' v o a o d ° =
JUN 6 IngdaiuinGariunsnsiaanmgan 6 ey Usedmndy
4 aa ¥ dJ v ﬂ‘
NIBUI ﬁi‘iN'ﬁJ FINWAULINNIIDUIULI BINITT
Y 00 U U Y
favgzuuiou dsldwseduannai favozuilou Huvezuuiiou Avgruuiloy
uasifaie Qﬂ"ﬁ“ﬂ"“ﬂﬁ rindada
v aem a . v Fumas
#aeufufinisimnssudwndon
e N
g Haeufjiiin1sdainen
) : Hawnadau
e T R ;‘
:
g‘ Haadeans
X
~  J —o e
3;4" :; Susrusmveads qn‘?\v\ﬁqﬁ’a \ / g wnqmuqﬂﬂim
= Uszmvsauda funda () i

JUN 6 uruansedsiundauasnivuesessuveadeluriosUfUR

100%

91%

90%
80%
T70%
60%
50%
40%
30%
20%

10%

0%

JUN 7 WUSHUiguAULANA S YRINAN TR DY

nouwaznaslviaug

3.5 UszlilunanduiueadnAnwanvnin
Irnnssudannden S 48 au WAy 19 Au
wAneg 29 au 710119 e UANT Tngvin
WUUNAADUABULAEUAINTIANITOUTHINAINS
sreza1nLlunsnageuvieiy 1 dUai lng

LUUNAEULD UL UUUSWETIUIUR 9%um 30 98

wuadu 3 fu Lﬁaﬂimﬁumwi GRRIICRICLEN
in@nwivdsanldsurndeuardielinimg lned
fouiusig q e 1 dumsdaduansinily
WoeUURAnTs F9wIu 10 U0 Freegau n15316uN
UTzLANUDIaITLATAINTZUU GHS Usznoaun ae
Foudnualuansanududunsefusznn seuu GHS
wUsUssiananudusunsiaidui dueylsdis
Safety Data Sheet (SDS) Aaoazls n15iAusn®l

' o N

asasidalagnies Yelandrigndeaieliunis

Y

saa o

TovivasiadluussydueiidTagmunzan 2. au
NsIANTsTeRdsdunsie 19w 10 U8 fegauy
veudunigluiesufudnisnuieiesls veede
arswndiianseufiarmnudunsadusiasinlas n1s
AnaaInuuNBUrUITUeLdsnlsAtistierls dela
Aadonisufufnazdanissivlunisdnnisvecde
3. sun1stesiuduasieluiesyjuRnisdduiu
10 7o Mgy MIeTeaISATUTEANNTA A9

P30ANTTLLNAITYINBEN9LT MNRAINTITAUNT



Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020

ISSN: 1686-8420 (Print), 2651-2289 (Online)

ashegsladudiduusn dnsafleiounnasiiu
msvhogls Wudu Wevhnslinsevinausziiiu
wuunaaeuluwsarsulaginfesar I uIuTnAnY
fineugnumyhmsiuIeuliisuanuuansnsweamanis
Uspifiunuunnaeuiianousagvddlianmg wut
vdsanldlinnuiludasfunadilide dui 1
Gesmsdaiuvended Suuhdnuiinougniou
Tanuiandusesas 55 ndawnlinuiduau
thAnuiineugnAndufesas 91 fufl 2 13eans
Fansveadudunsne Sruruin@nuniinougniou
Tanusanduesaz 62 ndawnlimuidiuau
UnAnwiineugnAnidudesas 89 sud 3 13e3ns
doafuluiesUfiinng Srunutindnwiineugniou
WiauiTesar 65 nawwnlinnuidnuiudndnm
AneugnAniuiesas 89 uanssgui 7 Tnsniwsau
YBINTNAFDUNAILATUAIING WU NANW
awAvAmnssudaandeniiaug anudile gandn
Yovay 80 4 aderegluinwsii Auin §nnin
Yowar 10 AfnAnwianviivimnssudandesll
\la W iFesmnufifeafuszuy GHS Ussiavves
voudeind nisfuarsieditngdnanetu nends
NUTLIUNALUUNAFD UL BANWIATUNTIA
ﬂis‘sqmﬁ'aaqﬂwamimaau wanwasuteAniiiu
wazlsimnuslusesitndnulsidirladanandnasiu

wialiinAnwlianug anudilasgrsgnies

dyuna

N133AN1TILUULBYALAZNITINNITAISLAL
TUUNUTLLANVBIASLAT A1UTEUU GHS Ty
WU uRnis uenUszanarududunsioves
a5l nusEUU GHS amdu 3 a1y laua 1. au
MBAM 2. FLAUAM Wag 3. AuAanden s
Sansvendeussiavvendvaseiiduveanand
Aetuluesufiinsdiulngdnduvesdeussam

WIAANT U USenNUeuatduvinvadunda Wi

103

I 1% g v P a
2andu 1. ¥IALN VIRANSATNLTAUALS 2. LASBY
WA MI0VINANSIATLAN 3. YerUulauasadl Tng
INNVULTDITUVBLALWARL LA AU AL LATHTY
MNawgNUTANTALRU MN15UTEIduAIINg AN
Wlavasdn@nwisnuiu 48 au wuinsnaasuLdu

v v & v ' Y] < a
301U AT AIUT 1) N1STALA UEISLAL U
WU uan1s annan snaaeulnfnwilniug
VW UT US08AY 36 ANUT 2) N15TAnTsYeadalu
WU uan1s annan snaaeulnfnwilniug

(%

Windudosar 27 dudi 3) nstlestudunsnely
WU UuAn1s annan snaaeulnAnwilniug
Wit ufesay 24 leSouiisutndnunianug
At lalud ssnsdafvansiefifiuannduinn
fian sesaunfe Besnsdnnisveadedunse diw
FoamstestudunmeluiosufiRnissududedli
aruluidosiifianiy
w19 0ai U UNTI8T LA ARINY B9
Ufdans f@nulddairtneliniugiTeuasde
IlefiAsfulsziananudusunsisvesarsiad
Usstnnveseadeiadl uwagdsnstesiudunsiely
nslvesufiRns Tnedsddndmiuindnwnly
weslfuRnmsarsadadusuduusniie nsuenves
\dodunswoenainvendslisuniieiiierasan

'
o o o

Ysunavendedunsiy sedinsgiainisiilvanienn
vaudseriliAnufAsensunssunoliifnmas
Insivdesziadadudunsedefieaazanudng
1§ anuiiAvsunuvesdemafvluiifede lims
dulilndviessuneiuitedestunsfilue s
amugunsaitlestuduyanaiiietiosiusunsesuin
NYRIUHUANS
Torausuurlunisiiiunududelunis
davirszuvdnfiuteyaaisadliaunsonsisaey
Yoya 1Wu UTua $1uiu Yununenguesansiadiil
Tuesufuinns davindeyannuvasnfuansiadi

AldeaufuRnisanunsadndelddneg (Dusiu



104 Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020

ARRANIINUIZNA

lassnuaduiidniagarlanasannungon
WAYAUYIBINABDE NGB RINNBMUA LATIINITY
WioenseAuUIyInusdnITe Yssddeudsana

WA, 2562 YevouRManUWITeLas AL UMINeNY

wialulagsveraaRssgi Naduayunuideluadsl

LONE1591999

1. Walters AUC, Lawrence W, Jalsa NK
Chemical laboratory safety awareness,
attitudes and practices of tertiary students.

Safety Sci. 2017;96:161-71.

2. Tasen1sensgaunInggIunlInvasadey
o fuRn19Idelutssmalne. wuaUfiRiie
anuvaeadeluiosufoinig. Auvaded 1.
ATUNN. @1TNNUANENTIUATIVLUNIYIF;

2555.

3. Winder C, Azzi R, Wagner D. The
development of the globally harmonized
system (GHS) of classification and labelling
of hazardous chemicals. J Hazardous Mater.

2005;125(1):29-44.

4. @iy dnefvg. N159nn15vedeTinnuay
vaadeansiaiiluneslfuRnisidednereans
nednunndausd naunneaans
UN1TNe1a guR Aa. Journal of Safety and

Health. 2013;6(23):15-23.

5. 25W9Y AUANUNNIY. N1FIRNNISVBUALDUAT Y
Tuesuudnis. 215415 wan.3971n1s.
2550;11(21):95-102.

6. NIUAIUANUATNY. ALlBan1TTANITVOLLEY

WU UANITA WING Y. NTUNNUNIUAT:

ISSN: 1686-8420 (Print), 2651-2289 (Online)

NIENTUNITNYINTTITUVIALALE IUINA DY

2547.

v ¢ w [ =

UAATUN FUNT. 59N UALIUNT IV
WesUfuinislulssnuanannssuemsnea
WwiauTunwauIng W [Inerdnus Uy
UUUAR]. @9987: UAINYIBLAIVATUASUNS;

2554.

1ATINITUNTEAUNIATFIUAIINYABAE
oA idtlutszmalne. uuUjuRiie
anuvasnseluiesljufinis [Bumesidal.
NIIVN: PUIAINTUNNINGRE; 2555 [FUAu
L e U 5 Lw.9.2563] 910

http://esprel.labsafety.nrct.go.th/home.asp.

S3gms latad, au1n1 Fugdng, Yune ning
Usefivg. veudeaniesufuinisiidniadiin
NOITIW. NTUNN: LSRN UN U IuIaensal

URNINEIEY; 2560.



Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020 105

ISSN: 1686-8420 (Print), 2651-2289 (Online)

RMUTT secearcnsourna

Science and Technology
Rajamangala University of Technology Thanyaburi

3
(-
-
s!
&
Y
-4

n1suUasdayanisamulagnseandisdsemealulsemelneg: nsdifinwussina
NTeY
Transformations Foreign Direct Investment Data in Thailand: Case Study of

ASEAN Countries

aAU Iudeng

Lakhana Watthanacheewakul

ANUNIMIADH AULINGIFNENT UMINEFIUNLT f.IUDNT 9. dunTIe 2.13eelml 50290

Program in Statistics, Faculty of Science, Maejo University, Nonghan, Sansai, Chiang Mai 50290, THAILAND

“Corresponding author e-mail: lakhanaw@yahoo.com

ARTICLE INFO ABSTRACT
Article history: Foreign direct investment (FDI) data in Thailand of the
Received: 28 May, 2020 countries in Asian (12 months) are symmetry, left-skewed or right-
Revised: 13 July, 2020 skewed. The normally distributed data are an important assumption in
Accepted: 10 August, 2020 the statistical analysis methods. If the data do not correspond with the

Available online: 20 October, 2020  assumption, data transformation will be used. The objective of this

DO 10.14456/rj-rmutt.2020.22  research is to compare six transformation methods: square root

Keywords: Box-Cox transformation,  logarithm  base ten transformation, inverse
transformation, exponential transformation, Box-Cox transformation, Exponential transformation,
transformation, Yeo-Johnson and Yeo-Johnson transformation. The results reveal that square root
transformation, coefficient of transformation can transform FDI data of Laos and Myanmar to
skewness, normally distributed symmetry and normally distributed data. Logarithm base ten
transformation can transform FDI data of Cambodia and Myanmar to
symmetry and normally distributed data. Inverse transformation can
transform FDI data of Vietham to near symmetry and normally
distributed data. Box-Cox transformation can transform FDI data of
Cambodia Laos Myanmar Vietnam and Singapore to symmetry and
normally distributed data. Exponential transformation can transform FDI

data of Cambodia Laos and Myanmar to symmetry and normally
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distributed data. Yeo-Johnson transformation can transform FDI data of

Cambodia Laos Myanmar and Singapore to symmetry and normally

distributed data. Reflect technique can adjust left-skewed data to right-

skewed data. If data are both negative and positive value, they should

be adjusted to the positive value before transforming data.
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Normal Q-Q Plot for Log Transformation of Laos FDI
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Article history: This research aims (1) to examine anti-forensic techniques
Received: 5 June, 2020 affecting data recovery software and (2) to compare each anti-forensic
Revised: 31 July, 2020 technique with impacts on efficiency of forensic data recovery
Accepted: 11 August, 2020 software. The researcher conducted an experiment by utilizing simple

Available online: 20 October, 2020 and common digital anti-forensic techniques including delete, format

DOI: 10.14456/rj-rmutt.2020.23  and overwrite. After that, three forensic data recovery programs:

Keywords: anti-forensic, EnCase Imager, FTK Imager and ProDiscover, were exercised to
digital evidence, forensic recover digital evidence and to compare the effectiveness in
software recovering data of the forensic software from each anti-forensic

technique on data storage devices containing NTFS file system on
Windows 7 operating system. The research findings revealed that the
three forensic programs had similar effectiveness of forensic data
recovery as follows. (1) The anti-forensic technique with commands
“Delete” and “Format” without switching modes could recover
digital evidence with 100% perfect condition because it was a
technique that corrected or destroyed data in MFT Entry without
getting involved with raw data in the file. (2) The anti-forensic

technique with command “Format” and switching modes as Format
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Drive: /P: Passes and overwrite could partially recover digital evidence

for undestroyed raw data in the file or it was irrecoverable once the

raw data in the file was demolished because the raw data in the file

was damaged with overwriting. The success of data recovery was

accounted for 35%, 50% and 75% from the original file. Therefore, to

conclude, success of digital evidence recovery depended on the

original raw data in the file.
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NANFIUKALNITHANIAINU LT oD BluNTZUIUNII

[ '

N8I UNITIANITNGIUNE AFIUBY WAV FUNA

o

v 999N IUnangIuA I ad AU TIEUIAY

Futdeu lneddnvauzianzasaunsagniudsuulas

o

wilaliing uawlledoyaniviagniuieuulauilond

Y

1 A ] v L 4 L3 1
onaldiwdosesseelvinsiageulalunevas Jaiuin

WS asfiennsen1snsiagaunednInedans wn
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o
@ ' a '

wanguAINamatugnUnUnsesseendngiumie
U

v o

WATAMIG 9 AaU

v = [

3ve3adanuavlad eafy
“msfnwidseuisunsunlnsesseenang unIvia
fdsnaroUszAvEnanisiAudoyavemenduasda
Inenaans” laomemirinansiseadaliazaunse
ilUlddudoyalunsimuwnasgiunisgiudeya
AdvaluaunsaNg N ngIun g AInemans

salUluouan

fuUsddse visenuUsAu

(Independent Variable)

o

as o o an
wnsunUnsessesnangiunIng
- s Delete
- A&s Format

- m3dluteyariu (Overwrite)

saaa v vy o

vandwasiAInemansilifaudoyanaiia
- EnCase Imager 7.10.00.10.
- FTK Imager 3.1.2.0

- ProDiscover 7.0.0.3

. 4

Aauusniu

(Dependent Variable)

UsgAndualunisdaudoya

YpsrenAsIRIemans

UM 1 nsoulnAntumsidy

'
a 1 oaA v aa

mu%ai’aﬁ“t,l,mﬂmwaéuama Miagnuntn
i'aaiawé’ﬂgmﬁaaLwﬂﬁﬂﬁﬁmﬁ’uéaummamamiq
Audoyamaniude Tnsvmassuiioususswin
gons s IR nermand i la Suanudeuld iy
w3 aailolunnsduanu (Investigation Tools) wazidu
gondwsTlflumhsnuifniifgaivdngIuddva
mﬁ%&m%@ﬁ;ﬁ%&lﬁ @onldgonsiasininemanslu
suiidalvgaulasunsailunasediifionisdnm
Tnelaidaldane s 3 Tusunsuuseneune

- TUsunsu EnCase Imager 7.10.00.103
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- Tusunsu FTK Imager 3.1.2.0
- TUsunsu ProDiscover 7.0.0.3

a v va o =

PMNUUIAAT AU J 8T 9lABRALUUNIS

Y

aa o

nnaedAudeyafdTialaeinsanAnEenmalanig
Unasesseemdngruidviailidudeunmdumaiai
wuwiulagialy 1o 3 wada lédun nsunda
foss08mdngIuAuda Delete MsUnTnsassoy
wdng1uA8A1d s Format wae n1sundasessey

wangIusENsWEuYiuvIe Overwrite UARIRIZUR 1

@Hard disk

Master
Boot Record

v

Boot Sector

o

Ntldr

NTFS.sys
Ntoskrnl.exe

Operating
System
¢ Kernel Mode
User Mode
Applications

g‘Lh’?i 2 aanUnenssu NTFS (1)

el ldvinsmesesiugunsaitudin
Yoy aiidu USB Flash Drive fiszuulvduuy NTFS
eldseuulURnis Windows 7 Faladinisfnwn
Fupuaznunussunssy Kl

[

aandmenssy NTFS luseninanisasna
wsatulituesian Wswnsufildasnamnsdduas
ai1anamesyasnAasa (MBR) Fanrelududin
m5ennsaTy wazldndmsudlilusunsuvieud
Wendnunamesyalanienld FeduiieUangeq
AONNIADT BIOS A8NTIAARUNITVINAUVRIUNTR]
ﬁL%amﬁaaQUuLuuua% 188 uA191n MBR Way
Senldunawmesynldanieludiiuies udidwionis

AruaulUgrymgninesiuasafan vdeainy
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szuuUfoAnsazgnvinnisys iesuldasiely
LLamﬁagﬂﬁ 2

Tneluszuulnawuu NTFS Usznaumiediu
d1Aty 4 dau Ao NTFS Boot Sector vJudqudiifiv
AnlAsInazlaseas 195z uulng Master File Table
(MFT) \udaufiiAudeyaisndulunisdaiulug
wazidddlilgvasszuy NTFS Wamua File System
Data 13 uduii tAudeyad ut ludly MFT uaz
Master File Table Copy iudniildlunisvdnun
Adnduan MFT dmsudauszuulild lunsdldl MFT
gy setfu MFT Safuiniinnudrdyed 19
meLﬂudauﬁii’ﬂumﬁmLﬁusﬂ'ayjaw%mﬁdﬁuam
@109 Header wagsvyiunisvosdayariommelag
sufufeyailu Entry Inedeyanieluy MFT Entry veq
Il ugru g Carrier B. (2) o3uneindayanielu
MFT Entry Usznausiag MFT Entry Header tJuduil
ﬁuﬁwﬁa‘%mﬂﬁa‘imqa%ﬁﬂsﬁa;ﬂamaqLLGias MFT Entry
fifoyaFusuu ASCI String Tne “FILE” 1udeya
fFonin Signature warludguveaiion (Attribute
Content) Usgnaun 18 $STANDARD INFORMATION,
SDATA Ua SFILE_NAME Wenadiagudi 3

MFT Entryl | | | | |

3234 /

MFT Entry

Signature: FILE

Flags: Inuse
Uink: 1 SFILE_NAME (48) $DATA (128)
Attribute Id: 2 Attribute Id:

Resident 3

$STANDARD_
INFORMATION (16)

Resident

Attribute Id: 0

Racidant

Flags: Archive
Security ID: 271
Created:

Thu Jun 26 10:22:46
2003
File Modified:

Thu Jun 26 15:31:43
2003
MFT Modified:

Thu Nov 18 11:03:53
2003
Accessed:

Sat Oct 23 04:53:36 2003

Flags: Archive
Name: boot.ini
Parent MFT Entry: 5
Created:

Thu Jun 26 10:22:46 2003
File Modified:

Thu Jun 26 10:22:46 2003
MFT Modified:

Thu Jun 26 10:22:46 2003
Accessed:

Thu Jun 26 10:22:46 2003

Ul 3 deyanielu MFT Entry (2)

gunsaltuiindoyauuu SsD Wumeluladd
AnIRzaunuimalulagensadadlas Ingly
Ua90u NAND Flash gniluldfiduduuszneuddy
vosgunsaiuiindeyauuu SSD 1esan NOR Flash

a °

HATINYAT LATIIAGN NAND Flash Usgnausigaiu

o w

&1ty 4 du Aw Die Plane Block Lay Page 1ny Page

I~ '

Aanileiiianfigafiausafndlusunsuvs oo
Tayale dwnisavdeyaaiunsailalusedu Block

Wit TAsea519vea NAND Flash meﬁqgﬂﬁ q

NAND Flash Die Layout

I oie
. Plane

Block

Page

SUT 4 TAssainavesdu NAND Flash (3)

Shimpi AL. (4) 85Uz nInIeinIm
v94 SSD Ul unnsgiuves SSD awdvunves
Page Wiy 4 Alalus (KB) Iny Page avgninnguidn
faefiulu Block umay Block 1§112U 128 Page
(1 Block flwwn 512 Alalud) Block LHulassasisdi
\@nfianlunitendnudn NAND Flash fiansnsaau
Foyald feiu luaeiivhnseuvdodeudeyauu
Page fflfanuazanunsnautoyalu Block ldadaay

128 Page Lntiu
Bantiunsy
in3evdlouazgunsaliildlunisnaaes
1. gunsaldufindeyanldlunisvaass fie

USB Flash Drive adugunsaiiiufinfesauuy Ssp

(Solid State Drive) wiasannlun1snnapansazasadl

a o

anudndudesihdnumdngruidnamioldlunis
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Aangviteya wazlestuldivindngruduaduiiia
ANLAEME Usenauiunisyidnuvanguniva
dunsidnuiwvudededn viefiFenin “Bit
stream Copy” Wit 0¥l dunnd outuduatu

nusenis Jededldiiailunisnaassreudiauiuy

v
N Ya o

Faifu Tun1svnasandsifise3adonld USB Flash
Drive Fefimnuqlianntin waznisidrdedeyanin
gunsalduiinteyauuy SSD laandesnitgunsal
WU

2. 52UUUfURN"S (Operating System: OS)
AldAe Windows 7 1osanifussuuufuanisd
douldiusg1aunsviaty annan15d1599v09
NetMarketShare.com (5) s¢%319d.A. 2018 - N,
2019 Wu3nszuUUUANIT Windows7 fld3uuus
n1snaInvetsEuulURnIsAeNiawmesdIuyAna
(Desktop/Laptop) tususu 1 vedlan Andusoy
a2 40.17 9 ngeansldausioe

3. syuulid (File Systern) Tun1sAnde

€ v = Y

gunsalduiindeyalmiasuuneuiames d1du
wdesdnszuulassaiian ugiudienisdasadeu
Toyalnonisresuum Fsszuulnduuu NTFS gn
oonuuulilanauiivarsenaiinefunisias
5¥UUUfURNS Windows 7

a. gaduaiildlunmmeass wseendu
2 Uszim An goudnasiiInerans uaseaninas
M dueIosiolunsunlniessosndngiu

- gordusiRIvemans ldun sovlduii
feldlumbenuiigaindngiureuiiomes Wuju
Alildlnglddald910 on15Anw 97uau 3
TUsunsulaun EnCase Imager 7.10.00.103, FTK
Imager 3.1.2.0 wag ProDiscover 7.0.0.3

- govdursilfiduin eadiolunisunda
393508%ANgF U (Anti-forensic Tools) laln Sdelete

2.02 ke Eraser 6.2.0.2986

Research Journal Rajamangala University of Technology Thanyaburi, Vol 19, Issue 2, 2020

ISSN: 1686-8420 (Print), 2651-2289 (Online)

5. lnlddeyasuatuiilflunsnaass el
nsnaaeniaaunaInatey 383 elaasne
Inddeyai fdiuvensveslidluguuuusing o
Usznaume Adobe Acrobat Document (.pdf), File
folder, PNG

Worksheet (xlsx),

image (png), Microsoft Excel
JPEG image (jpg), Microsoft

Word Document (.docx) wag GIF image (.gif)

FUkuuNISINaDY

Yo =

A3delavanwuunInnaes]Audeyaiign
UnUns09508nangIumavia ol

Manaaesd 1 fAuteyarignuniasesses
wdngIuAI8A1d9 Delete 5@Lﬂuﬁﬂ5qvﬁyu§wumaa
sxuUU RN Windows 7 laidfsfinsafiuniu Lite
nageUIweNdALITIRINeImansTaUNTan Auteya
fignuntindessesndngiuainnis Delete l¢a3s way

WieAumaumisvestaya (Physical Sector) 1gn

(Digital Evidence) 17kifinswasunyassinum
Msvnaesil 2 dAuteyaiignuniiniesses
wangIudieds Format dafunszurunislunis
FagunuuvesgUnsaliiltlunstuiindeya Lol
AaaiRvNzaniuszUUUFURNST LY Tnennsdng
Tnldszuun udrassndsruilmitun Woveaey
Juileldds Format Wda aansanusossosves
Toyaidoamsdu uaziienaaeuitgunsaldudin

a

YoyafiJundngruddvadlesunszuiumslunig
Fngunvuszuulndlmiudndsenmnsad Audeyalalag
Snuaddlunmslisnds Format Snadensfaudeya

Msnaesil 3 fAudeyatignunlasesses
wdngIusenIs Overwrite JaduiBnsideudoyady
7 vivadluuudeyadideanisunlasossesndngiu
YJosdulalianunsaidteyadainannadululdlasn
Wevnanuululdlunisaudeyauuunns uasiile

naaeuIngunsaldufindeyaildidundng uiiia
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Wegnileudeyadu 9 vivadluludumisvesdayads

Jundnguidviauds liansadudeyals

BTN

v
1

TURBUNT) AUToYanaNgUATNAINNTT
UnUnsesseemingumeiailanig o Usenausie

o

1. ldwelian1sunUnsesseenang1unidia
uiazmadafulnddeyandviaduatuivieuly dei

nsvAaesd 1 A& Delete Lﬁuﬁﬂﬁﬁﬁugm
Lidesfndadiziiu Sonldaddldain Command
Line %38 GUI (Graphic-User Interface) sgn1snay
Shift+Delete w3onayu Shift n¥austslfiundann
Yoyaiiosnisauluil Recycle Bin

n1snAaead 2 A1da Format 111N
NAABY Format $1u7u 1 A%, 3 Ass, 5 A% uag 7
A%t maddty wseanidu 2 nsdl Ae

- Format Iaglaisgyed s o (Switch)
Fonldedalsann Command Line Tnsifiguuuy
fdafe Format drive: 30 GUI f18n13AaNY21
Ia$iidosnns Format wdandendnds Format 210
Context Menu

- Format 324 Switch lalansnsaiFonldmdas
2 ULl doaifenldeda1n Command Line
wiifu Tnefisuuuuddsio Format drive: /P:Passes
U Format G: /P:5 vinefen1sdalyi Format ladvl
G: 4andeu 0 iuasluyndunusealain G au
Sauadeiitmun fe 5 ads

N1sMAaesil 3 M3 Overwrite LuNdew
Foyaduruasuiumiafinvesdoyaiidesnisunln
Jossunang U wuseenidu 2 nsdl Ao

- Overwrite wuuldwansiwisunlnsesseon
wang1u ldun Sdelete 2.02 uag Eraser 6.2.0.2986
Tnesermadeuiudous 1 A udufisduitos 1 9

saaa s

BoNAWITIAIMEIMansTa 3 Wsunsuldannsadau

£ o

ToyananguAdviala

- Overwrite wuulalgwanawls Inavinnng

audeyandngIuAdIanauaudiuiinlnddeyadu

asuugUnsaltuiindeyafildidundnguniiaiiaz

Ildaundnigldanansadfundngiuadala

«3

aa o

2. a3ed@ oy af I ALY Bit-stream
Copy fggandustAIemans Wsliduuiada
auvilouiusuatunnlsenis

aa o

3. ddnuvanguRdvialdinisfuteya
meganAkIslamImemans N 3 Jsunsy
4. Wisuiguuseganinalunisgaudeya

Ya9waNALISTAINeImans 19 3 TUswns

Nan1sAneLazaAUsIgNa

N5 Audeyandngiuadviangnunia

J9T0ENANGIU ANUI00TUIBHANIINAADILE A3l

NaN1INAAEN

v v

N31AasUnTUnTeIT8unANgIUAAA Y
n13 Delete, Format waz Overwrite KaN1TNARBA

ARSI Aare U

M13°99 1 N13NAUTEYAINAES Delete

vilndoya wamsé’ﬁu%’agamnﬁﬂé’a Delete
EnCase FTK ProDiscover
Imager Imager 7.0.0.3
7.10.00.103 3.1.2.0
PDF v v v
FILE v v v
FOLDER
XLSX v v 4
PNG v v v
JPG v v v
DOCX v 4 v
GIF v v v
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INAITIN L HUI1LONG LIS U A
Inemansng 3 Wunsu anansanAudeyanangiu

o

Advialaluan niauysel 100%

M99 2 NM3NAUTEYAINANEY Format

viladaya ran1siAudayaindrda
Format 1, 3, 5, 7 A5
EnCase FTK ProDiscover
Imager Imager 7.0.0.3
7.10.00.103 3.1.2.0
PDF v v v
FILE v v 4
FOLDER
XLSX v v 4
PNG v v v
JPG v v v
DOCX v v 4
GIF v v v

A1519% 2 (5ip)

viindoya ransfAudayavinand
Format drive: /P: 1
EnCase FTK ProDiscover
Imager Imager 7.0.0.3
7.10.00.103  3.1.2.0
PDF X X X
FILE X X X
FOLDER
XLSX X X X
PNG X X X
JPG X X X
DOCX X X X
GIF X X X

N5 2 Wuilalgands Format 1ae

laiszumdagas (Switch) 97U3U 1 AT, 3 ASY, 5 ASS

]

faaa s

LAY 7 ASI ANUATRU FaNAWISTAINGIAIENT N9 3

aa o

Tsunsu anunsafAudeyananguadvale uinsal
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1dends Format Tuguiuy Format drive: /P:1 wuh
13 Format lnarnuali P fiawiniu 1 ldaunse
Afutdeyals sy Faldldvinismaaesivualvian

P winifu 3 5 way 7 anudibeeanwuunisneasdl)

a v Y .
M990 3 NNINAUTDYAINNNIT Overwrite

viladoya Tdganauaslunis
Overwrite $1u3u 1 A%q
EnCase FTK ProDiscover
Imager Imager 7.0.0.3
7.10.00.103 3.1.2.0
PDF X x X
FILE X X X
FOLDER
XLSX X x %
PNG X x X
JPG X x %
DOCX X X X
GIF X X X

A15797 3 (5i0)

a v
IUNYYA nan1sfAudayaINng

Overwrite Tnglsildaandud

EnCase FTK
ProDiscover
Imager Imager
7.0.0.3
7.10.00.103 3.1.2.0

audayananun AN 1 Weuteuayu 324 MB

U

PDF v v v
FILE X S X
FOLDER
XLSX v v v
PNG v v v
JPG v v v
DOCX v v 4
GIF 4 4 v
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Ve v
WANT3INAUYIU/INNTT

Overwrite Tnglaildwanduad

EnCase FTK
ProDiscover
Imager Imager
7.0.0.3
7.10.00.103 3.1.2.0

audayanaun A3 2 WWeudeyauiiiy 281 MB

PDF X X X
FILE X x X
FOLDER
XLSX v v 4
PG v v v
DOCX v v 4

audayanenun AT 3 Weudeyauiiiy 336 MB

PDF x X X
FILE X X X

FOLDER
XLSX

X
PNG X
JPG x

%

X X X XK
X X X X

DOCX

101397 3 wuitlunsdundadesses
NangIUrI8n1s Overwrite lngldwansuisunln
3095081aNg1U 2 LUSWNIU AD Eraser 6.2.0.2986
uaw Sdelete 2.02 uay dwarlvusazlusunsuh
nadeuty $1uau 1 ade wan1snaaeswyd
oI iAIne1mans sia 3 Tsunsu Talaunsad
Autoyandnguadviala d1msunsal Overwrite
wuuldldgansiuas Tnevinnnsauteyandng uiiia

nanuaud1duiinlnddeyad uasuugunsaldudin

d &, Y aa v a

v 6 ¥
Joyanlfiunanguadviad

<3

¢l wanisAudeya

o

aa o s aa

NangIuAINaveswenduwITIAINeAans 19 3

o
o A v =

TUswnsy As AS9 1 lavuiinlndvayad uauin

Y

324 MB anansafAudeyandngiuadiala 6 Lid

AsIN 2 Tuinliatauaduiinvwin 281 MB @1u1sa

Y

a

AAudeyanangiuadiald 5 Wd aged 3 Judin

o—s

Wadoyaduiiinuua 336 MB liaunsadaudeya

nangIuAIViale
onUTIgHA

NANNSIFYLS 89 NISANWIUSBULTIBUNIS

a

UnUnsessoenangunivia NdwwadeUsednsuans

ﬂﬂuﬂuammawanLn‘fﬁﬁ%wmmam fiUszisiud

E

anansaduneduenala fall

v v '

1. TnguszasAnsideden 1 941 “iile

'
a1

Anwimeallan1sunUnsesseendngIunadia Ndwa

4

fon13n Audeyavesvenduisdandingrmans”
ansaesunglinnnatianisunlnsessesndngiu
Favanldlun1sidensed f1uau 3 ada
Usenaume

- msUnTnsessoendngiusieds Delete
uamsisenuihmsaulnguussuuliduuy NTFS
syUUUFTAnTagiin1aiUa suetlu MFT Header
¥4 MFT Entry Tidu “0” %wmaﬁﬂWégﬂaumﬂ
AUnffe “17 duiu feyalwdiignaudsildgnan
sannlasivegunsalluiindeyadss 4 dewmsua
fanawilvaiunsadAuteyadignundasesses
wdng1ud01d e Delete luszuulnduuy NTFS
neldszuu U§URNNS Windows 7 ndusnlaluanin
‘17'iamy3@1;‘1?8!&mamﬁ%’aﬁaamﬂé’aqﬁmmi%’amaq Lin X
(6) inudnmsaulndluszuulnldnuy NTFS dan
foyaidelnai gnaussligniusiudelwddeyadu
swmsfeiilu MFT Entry faansnsaldensdalnddign

auldl uagnsIuIUINTBIAGEALADS ﬂauﬂﬂu‘lWéyE) ia

o
o

¢dusa TnefdumeulunisdAulnddoya 2 dunou
fio dunoudl 1 FesfAudoyaluduiidudonves
wd Tnevihnsaunusionislu MFT fiazsenisiile
SIUTWTHNTV8S Entry Tignsinadesvsneansdy

gnau (Deletion Marker) (51 (iuﬁﬁ' 22-23 4839 MFT
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Entry A& 0x0000) 910 ul%3iAs1eiuenns dad
$DATA Wil onsaaaovanuzlumsdnassndaines
ynanusdu 1 mneanuingudoyaimaidugn
Weuiumedeyalv
-nsUndnTessesndngiudead
Format 91nHan1snAaesnuiin1sldeds Format
wuulisyymdedeniiieunTnsossesvangiuidia

FIUIU 1 3 5 kay 7 AS9 ANUEIAU @1UITDAUNY

G | a

JessesveteyandviaignUnlnsesseendngiusie

U

v 1Y

A1d9 Format FeAudoyandng uadviala lag

]

v
o [

Fruuasaweanislidds Format lafinasensgau
Yogaurogila Fanan1ideiaonndastussay
489 Blancco Technology Group (7) finu3NanIs
drsadeyaveadminiidglefininnit 400 ay
nUszmAansgensng wauian Wndln anse
9101903 wwosiiu Wi uma g Uu Fu uazdufe
Renfuuumsnsyhanedeyanlasniillaldow

LA leisaay 53 FUAUNINAT T IVB4

s

Hilgivgaulefiannialan avdeyaneufianes

'
v aaa

waUeU lasunisuan waztdswiies Al8359
awnsa Nauldde Inefesas 31 1978 Delete lny
annlnaluf Recycle Bin wagsevay 221478

Format lasuviavun Fansaudeyansaesisanunse

N v

faudeyala dwmsunsaldards Format ey

P

Switch TaefisUwuumdady Format drive: /P:1

U
|

[ &

Wunsdelidaguuuuvesgunsalduiindeyaiiilu
nangruadvia Iidssuula 7 inuneg iy
seuuUJURNN 1Y wiowiadew 0 Fadudaias

o '

wansan1ugd ndui ui 319 asvunnedwnusuy

aa o =

gunsaltuiindeyaiildidundngiuiina dadnds
Format drive: /P: 1 fdnwagimilouriuiunisunia

39959YNANFIUAENT Overwrite A9l fauglay
I i~ o Y 1@ o q v o '

Junsi@euriuiiesnsafigtusivinlinsumiaves
Joyarilolndiiuiidesnisdaugnunuiiaie 0 Jal

anunsafpudeyaidundnguadvals Jamanside
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T aonndoatuauidoves Wright C, Kleiman D,
Sundhar S (8) Ainuinn s deuiuiisndaiead
Wisaneudafzaudeyariielalanunsadiuld ua
osvmAriesassiiAndeldudetmAeaiy
Fruruas o munzauluniad sut oy aiy
(Overwriting) Fsinudafunanisiseaes Jnes i
wa finudfesinadeuivannis 35 ads deya
Feavvaendvannisidrfweayanaiildlddusynym
Taedurgindedeuteyalmiviutoyaifnulain
wuuusiman deyalmifdevludslasvenalsianunsa
Founduludsumisiuiueuvesteyaduatuls
Tnsnsiasudnvesdeyaiiuazlalivasuain o
D 1 v3ean 110u 0 wed ustgilduiimaeutu
Wy Wasuan 1.8u 0.95 wie 1.05 Wudu Fay
Fraursasudeyaduil og uulasi udauly
A igULuL (Pattern) nsidsuddnuesdoya
16" azvilvinsuindoyafignideuiuiidndueglsin
fou lnvaunsalindssganssaulssusivan (MFM:
Magnetic Force Microscope) A5199A1N153ALT 89
yosaumlmdnuuiiuivedlaswls wilunuide
LildguguiannsadAudeyaliass iilgausduaning
auuldldidy uenannil Feenberg D (9) 8sld
Anvuieatuniseudeyaiidouivvemieny
Y1Inses lngnaninuidevesinuau gnldeneds
wmaneAutiliiAnnndefiimienuininses

vasansgelinfiinsesdeniannsanaudeyangn

Wowiule wsaudsdagiundslifidefigainionis

U

Hudusgradunenisitaansasilaase Useneunu
Tud 2003 Avwuuildeanuiseusudnluaud
WRendunsidudioyariv (Overwritten Sectors) Uy
lasnasTelvs (Modern Drives) ldaunsagnueilae

Twadiafiszulilunuiddevesanlul 1996 16 ue

Y a

wildlaneunsidnslunuidenmnedulasngu

=]

W1 deily Msndeyafignilswriuluudiienisdesy

Y Y Y

aunuwdndnddlydaunsavilavulaswadelny
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ARTICLE INFO ABSTRACT
Article history: This research was to study the effect of osmotic solution
Received: 8 May, 2020 concentration on mass transfer and quality of melon after osmosis. Melon
Revised: 21 August, 2020 cubes (2x2x2 cm) were immersed in glucose at the concentration of 40,

Accepted: 3 September, 2020 50 and 60°Brix for 0-5 hr. After the osmosis process for 5 hr, mass transfer
Available online: 21 October, 2020 parameters namely, water loss (WL) solid gain (SG) and weight reduction
DOI: 10.14456/rj-rmutt.2020.24  (WR), were evaluated. The result showed that concentrations of glucose

Keywords: melon, osmosis,  affected mass transfer. The use of a 60°Brix glucose solution showed the

mass transfer, glucose highest (p<0.05) water loss (21.81%), solid gain (5.31%) and weight
reduction (16.44%). Thus, this sample had lower moisture content and
higher total soluble solid content when compared with a fresh melon.
The good qualities of melon were presented for all 3 concentrations
solution was 5 hr. Then, the effect of the osmotic solution on the quality
of the melon osmosis product was investigated. The melon which was
immersed in 60°Brix glucose solution had the highest value in term of
hardness as 27.20 N, lightness as 49.63 and total soluble solid as 34.20°Brix
(p<0.05) but the lower total color difference (AE¥) as 12.10, water activity

(a,) as 0.899 and moisture content 76.34%wb than others.
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anas lnglddndudeddanusougsduduisan
Vs ludnaalddlysuusasdasannis
Wasuulasdnuaisdud nau saud eduda was
A slasunsveskAntusllifitudioazily
wsguswAumaiady 9 1wy nNseuuis nsven
wazmsuaidonuds 1udu (4-6)
AsAaineananemsnasisesaluda
anunsavhlalasdnlvefndndunisiuinualdl d

A11150MIAUN89NIINBIMITIAENITUIDITHY T

v
aaa

a15aa1eNilnNUNTIEs vela1iawmesieniin
(Water activity: a,) #1n910I915UU @sazaefiluu

14 Lo tana (nglaa, glasa, Wyelna) vieindemn
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Tdn3sulUuasaranyeodluf nag 1901199714
Wlosanniidefvateuszns wu fauasnsalunis
azaugs :1Agn SuszAvsnmdalunisisionn
1N UM TUALIIBUTUUTITAN R U890 TN
Aseedludd (7, 8) wenNFaiinnstnsEUIuAg
ooaludaunldinnnndnfusionmsiioguamludn
yaneguuuy 1y Tdhmaledlnngnlnalunisooals
Fauzilawma (9) N1SANLITINUTEAITAUDUYA
dasyluarsaranveedluinluLeuila (10) waznns
w@suansuszneufluednanuaneuluweuila
néae uaz Tudlss (11) Wudy AuunneesEnig
ANNAUDRELLRANYBIENTAYANEA U ISV AR
U (Driving Force) & svilafiAnn1saeinuaaans
sywisansaransuazoms Inethasiinnisindoui

ONAINAITAYANET LTI 1MN1ULE BLdonW U

'
o~

(Semipermeable Membrane) IuﬁﬁﬁaLaaﬁuL%aé
lUgansazaneiifianududunnnin Adeuseveglu
YuzlRgItUAziAN1SUNT VR eYRLTaINaTTazane
mwﬁaﬁw&aa‘iﬂé’qsﬁummi (6, 12) Fen5iimu
Wlad eafugemunaanssendeansazansuay

o

1915l UTENINNTEUINN TeRaluda T ud i dd

o

awv oo =

dmsugu iR illsenuideiivhnsfinuns
femniaassEnInnisesaludanausngn undlvy
naaely (13-15) wadslidsnenuidetdaiauludiu
YBINITYIINITANYINITANNUIAAITTENTNNT
poaludawaou fuitorhanudladmginssy
nsarmiminaasluniseealudasnuidei el
TR UTEAIAA NYINATRIAIUTUT UATATAY
oealufnsonisdiemnaans taun Usumnd
GRIGH USinauvowudsiiiutu uasUSinammiing
anad luseninaniseealudauaznnnInveuuaau

S RFRRGIRG]
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A5ATUNISIY

a

TUNDUNI TS INGAY

9

§ad a1uaeu (Cucumismelo var. indorus)
wug nFuiln Advunaiauelifsosdmi Tann
Usinameudefiazanoiinldseming 11-13%Brix 1hun
Sraehazenn Jenwdeniadeindiuitiuwde
aanmmﬁfuﬁmua'autﬁw?ﬁyugﬂqﬂmﬂﬁmmsuum
2x2x2 cm. wazdludasgdaudfnisnienniay
wilidosdy
Fumouniseoaluda

vnudouildnionlianduneuusnuely
ansazanuaadeunaslsd 19 Wunan 10 wifl e
Prednwamnmestusdeutiostunnuiaunfinig
#A5men nntuddetazeauarislrafin
¥insdaiminuasadeudsunannud uve sty
wasuSuFunazimaeuluutluamsazaenglasdi
ladawseuld 3 ssaumadutu laun 40, 50 way
60°Brix lusMS1d1UTENI1Ua DULAYENTALAY
ooalufinu 1:10 (neiwidn) Aigumnives lng
sevinnsuwdeuluansazangnglaaiinisinng
L‘USwuﬂawaaﬁmﬁfﬂsﬁuma’amﬂunm 1, 2,3, 4,
wae 5 91lus wioasunandifmuntduaou son
nansazaneuardlagliilwanuduwaouduy
1981 30 Uil MewnuuRzLAsdlFazsadunan
2 it waaulFunedaenseany Feimdnuayan
AT undaniseodludd (14) 91T uAILIMNY
US1nain1sanemuaaansUsenausae Usuani
deysdie (Water Loss; WL) USunaveend o i uiy
(Solid Gain; SG) wazUSunanimdndianas (Weight
Reducing; WR) (16)
ﬂ%mmﬁfﬂﬁg@lﬁa (Water Loss; WL) A1u3ad

T@a1naunish 1

(WoMo-WM¢) xlOO (1)
Wo

WL(%) =
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USunauaadeiindy (Solid Gain; SG)
AMualaanaunIsi 2

SG(%) — [Wt(l_Mt)M;ZVO(l_MO)]

x100 (2)
Usinaniwtindianas  (Weight Reducing;
WR) frwadldannaunisd 3

Wo—-W;
WR(%) = 0= 4100 (3)
Wo

a
Tne?

Wo fe dmiindsenasudu (g)

Wi fe dmiindegrmasnisesdludaniaile o (g)

My @ YSurumuduvessiegauiuau (g water/

g sample)
M fo Ui ntiunesmeguvainiseadaludsad

a1l ¢ (g water/g sample )
NI AATIEREUTAN NN IWILAZLAT

1. YSunauau@u (Moisture Content)

v a a

9149935n115MAAUAINUINTFIU AOAC

v
o v @ '

(17) Tnen1s 9 Iniln@19813 2 ¢ (WIntnnousu)
BUWI A 186 auausou (Binder, Model FD 115,
Germany) figaumadl 105°C WWuian 16 hr ntiu
fegramfountvurldlulaganuuiuiidunm
30 min WALYIUINUNNEINITOU ATUIUNIAN

dgll 9 cl‘ 1 & @ 6
AMUFUMIBENNTA (4) TNB9uRalunUIBUB SLEU

wmsgIuden (%wb)

%owb = YD 100 @

L

Tne?

N

o)s
=

9 Umindiegenausu (g)

W;
Wr  fo dwiinfoghamdseu (g)

2. snanidasy (ay)

wisunanidase (a,,) A3 0eTaUSune
1hdasz (AquaLab, 3TE, USA)

3. And (Color)

YpAndna8La3 09 Color Difference Meter
(Minolta, Model JC801, Tokyo, Japan) $1841UHE

TugUves L, a*, b* ans 3 AndunIshanIniIsInaAn

AdLan12L91299agN AN L*AB AIAINNAT 19

v
L A

(Lightness) dAsaus 0-100 aw 0 A a1 tag 100

a o LY

9 @917 @UsUAI a* AeAAd UL ud LT e

o))y

'
=

Greenness) vl adlAiduaunaziainnududwna

(
(Redness) Wiasianduuan uazen b* fe aanundu
Zmdos (Yellowness) il odanduuinuazarniny
\Judeiidu (Blueness) WA fuau sdauvinis

v 1A N v a

A miammngﬂﬂ%’ULﬁﬂumwmﬁ'mmwmﬂ'w
#02e Standard Calibration Plate A1 L*.a* way b*
WU 98.11, -0.11 and -0.08 AUEIRU
4. NMSMANANULANANNELATIN (AEY)
n1siiudeyann L¥, a¥, b* 7 Yaa1n
wsasnalulsazansmsnageulneaAdisudu
warnendisdsunlasivatlunsudansazans
fiszdusingg MnuhanfuaAALwAnsnE
Tnesaudaeaunisi 5 (18)
AE" = [(Ly = L)? + (a5 — a”)? + (bg — b")*]"/?
(5)
Tnedi

AE* fla AANULANANSELABTIY

0 aoby Ao ArrwEdne Avmududuns waven

Anududmiesasudsuanilainu
nSTUIUNSoRdLUT

L*,a*,b*  fa aAvanuaing aanudufuene wazen

= = ' A
ﬂ'l']lllflj UA LA DIVDILUADUN WU

ns¥UIUNTSoRdlUTH

5. A1AULGe (Hardness)

nagauInAlnglgusaou (Shear force) fg
\A3asiLieduia (nstron Universal Tester Machine,
Model LRX Plus, UK) Taele i 36 a Warner Bratzler
Blade findag19la1nn18m1u57 50 mm/min 6in
USnadunanwesiuma oy warfiansanisanniny
wd9 (Maximum force) vaesa81991n5AALE oulu
wieflaf (N) hnsvnaes 3 S1luusiazinedng

6. USurawosud 97 azansuld (Total
Soluble Solid, TSS)
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Aunnfeg1az TnAUS U1 vD LT 99
avaneulanIelAIeg Hand Refractometer (Optika,
Model HR-190, Italy) M g1 dl 25 84A1LTaLT A
JunnAIntuing1sn 2 As
MsuATILIveYa

TlUsunsuAuRIABS LN DILATIERNANS
NABDINTEAUAMUUANANIIEDA 95% (One-way
analysis of variance (ANOVA)) Wazyinnsiseuiisu
ANLad oMINI5999 Duncan New’s Multiple Range

Test (DMRT)

NansANYILazaAUTI8NE

msaaieanmlIsnsesaludaunisende

PANNITASLAA DU NBUNUNAILDDN LB DD1MIS

25.0 7 ...ee 40°Brix

20.0

Water loss (%WL)
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§ 1AR91NAINLANA VB IS IT URRATLA NTEWI N
neluwaadesemsuazasazaveaaluiniiadu
WS99V (Driving Force) vinlw il nsa18louuiaans
SEWINUYAE VBIDIMITHATANTATANYRREluAN T
Snunuzanumstusiiud evuiadd s wie
\@9Nk1U (Semi-permeable Membrane) (19) sefudle
YuaeuIIHIUNITUIUNMSeRaluT ans 0T 5 a9
“Msutdn” edumsaweuesinethwaeuluug
Tumsarmeinanglaaiianududugamuinain
ﬂ’liﬂlﬂEJLV]@J’JamiﬁﬂuU%M’]mﬁf’lﬁQigLﬁﬂ (Water Loss;
WL USuneswe aud o7t 1T 93 u (Solid Gain; SG) way
Usinasimiiniianas (Weight Reducing; WR) Tudu

AOULARIAITUT 1 Dia JUT 3

— B =50°Brix —&—60°Brix

v

Time (hr)

UM 1 Sevaznisgeyideinvesuasuseninnssuiunsesaluda 0-5 43l

PNNINAFBUNAYRIANILTNT A TAYANY
ooalufindenisaiemanaanslud uudoudaguil 1
wuir¥erarnagadetvonsdeufinduse s
wiluansazanenglaa 40-60°Brix laeluy s 0-2
Faluausn Afnsudasouluasazansnglaans 3
sefuanudutufunaldui s uvesfosaznis
aydetheenniiludnuuslndidestu Tasd a0,
50 waw 60°Brix liAnfesaynsgaydetndsnisudly
arsazanenglaa 2 99lus windu 913, 9.67 was

10.67% SNUEIAU INTUNAISLY LAY 3-5 F89

wudﬁaaazﬂ’]sqmtﬁaﬂfﬂmaama’auﬁgq 3 S¥AUAINY
L%’m%umamfwmaﬂaﬂﬂaﬁLLuaIﬁmst"]ajaﬂnzﬁmaﬁa
wathilofnsanieseiuanududuresaisavans
nglaandansudiuaouiduiia 5 $2lus wudad
60°Brix Wienfanaznisgaydeningeani 21.819% uax
ANVAUAINNT 50°Brix waz 40%Brix LU 19.32%
WAz 17.68% Audndu osmniesideuiiniuie
Wulwadoenainaisazateiiieaneansluwadlig
miazm813;'1maﬁﬁmmL%u%uqammdﬂﬁﬁamau

agiuuen AsunMsTiwaeuludluansazany
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Wmaldutuisdwalvisesavnisagdutiveudou
WL UMSAMUTUARNET (6, 12)

S0 e 40Brix
- = ~50°Brix

4.0 —&— 60°Brix

3.0

2.0

Solid gain (%SG)

1.0

......
A -

0.0

137

e

.....

Time (hr)

U 2 SovarUsuavasudeiiiuduvesudeusenininszuiunsenaluda 0-5 Falus

20.0 ~
18.0 1
16.0 4
14.0
12.0
10.0
8.0
6.0
4.0
2.0

s=+#-+ 40°Brix
— = - 50Brix

—&— 60°Brix

Weight reduction (%WR)

.t
ostt

ey

0.0

Time (hr)

UM 3 JewavUSunanimiiniianasvesuaouseninanssuiun1seadluda 0-5 4alus

N3UT 2 wanansUd sunUasfesay
Usinameud et uwesudoussuinansyuauns
sodluda 0-5 Falus SedenndastunisiUasunlas
suaa%’aaasmﬁqzyﬁafwama’auﬁwdwmzmums
soaluda iesnniseealudahliiAnnisunsves
uy"waaﬂmnLsaaa‘ma'aulﬂa“qmiazmmqiﬂa
YuziReItuiIgnaragNaITazateunsiigivad
yoadauliivsunninanamarUsnaveuds
g (20) mﬂgﬂﬁ 2 NUITEAUAIULT LT UV
asazanenglaadnaroyiinavesudeiifisdulaed

nisuviuasuluaisatenglaa 60%Brix Tuy s

0-2 aluausn kA FosazUsunavowd i udy
9813959057 wasdArgandinsutwasuluaisany
nalaa 40°Brix Uag 50°Brix ARBATEEELIANUBINITUY
agalsfimunisudwaeuluaisazaionglaa 50°Brix
TrSosazUSinameudeiifiutununanyesnisud
windunuiiuwaldunisiiud uitesniinisueiy
douluansananglaa 40°Brix wag 60°Brix 11410719
\ipanannisidentudiuresaeuiiiumageu
USRI fUAIMILLLYe UL A U8
WAAAMULANA 19T dINanedns1N1S00dluddlay

FRIINIT N LT UVDIUT U VBT Fan1saanly
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d1sazageadluAnAul Nt ua i lviinaAdy
LANFNUDILTIANUDDELUANUIN FIUITOLTIBATING
anewminaaslusenInensoealudale (15, 21)
mng"dﬁ 3 lRgAINTINYBINITNAADINUIN
mﬂ%ﬁéwmaﬂqiﬂammvﬁu%u 40, 50 kag 60°Brix
dualidesarUSinaminiianaseuuaeundsiny
nszvIunsenaluda 5 dalue da Ry ud 12.65%,
15.95% wag 16.44% ANUERU LEASALINNITIY
wasuluasazangaudutug wiliAansaewm
waasiiganitmsmsurluasazaiemudutus
pgslsAnunalunisuifdsananisatemaiaans
Wiy Sanuinisldnanlunsudwasuluaisazany

nglaauillendliduvesudeuduraiuaisazaiy

v
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wndu diluiod eamisounseenunludnings
Taoiamglutiousn Fauandsiiuogadaaulugu 3
Tugns 0-3 $alue veuia 3 Aududu udegrslsin
denarludimilninzunseenulusaniianas
waiidounnnlutiusnresnisesaludainai
WANAIIVDILIIA UDDALUA NTZUI 19 9AE Lua DU
asazaenglaaunyiiliiAnusedugsiiaziinnisdne
Tournaunuazsinida denalunseoaludaumndy
anududutsnmuseu 1 Suwdeuszananiesini
nwaiu%uLuéauuwiaaﬂmgjaﬁasmaﬂqimammﬁu
asavatenglaadadanuiduduananingiansnah
Tusaiueealufniaesasdinalifnauseduiiazae

Touslatagwavdiad (9, 19, 22)

a131efl 1 WisuifleudSunanigyde Usnamewdafiiiudy wasUSinanhviniianas ndiniseoaluda

Wapuian 5 talaa

v Aafy+SD
AMUTNTUENTaTaNY — ——% ——
nanhigyds  dSunavesdsiiindy - Ysinadmitdnianas
nglad (°Brix)

WL (%) SG (%) WR (%)

40 17.68+0.87¢ 4.77+0.23° 12.65+0.78°

50 19.32+0.76° 3.03+0.11° 15.95+0.56°

60 21.81+0.34° 5.31+0.12° 16.44+0.32°

* ALRAYAINASNARDY 3 91 (ALade+SD.)

o =

b 2 A v o oA v Y ' °o o aa a = a
snwsiuanansnulumedulifernuianuuanaisiuegneiitedn UYINWADH (p<0.05) WewSsuiieulne

DMRT (mean+ SD)

NN 1 LARIAINNSENEINIIAATNES
nseealudawdeuluaisazansnglaadis 3 sedy
anudududuig 5 2lus & dliausunui
qode Uimnaveaudsiifiutu uasuSmanimiind
anas g7 goidl o1 sududi 1aan 0-4 $2lus lu
yauzifefuiinsutidevluansazansnglaa 60°Brix
TfAUsanifigasds Viiameswdaiidintu way
U%mmﬁfmﬁﬂﬁammqaﬁqmﬁ 21.81%, 5.31% uasg
16.44% AIUEIAU WATWUAIIULANA 1998 194

v o W

HodAg19ada (p<0.05) WiniguiuveIns 3 szAU

ANuutuaIsazatenglag (40, 50 LAz 60°Brix)
sailifosaniisgdudendnianududugsdain
wsafuoealufnuin uonannd nsudiudouly
a1sazaveedlufnanudutuguduaiuiuiili
Wnusingnisainanalulada fnaviiliannuudanss
vosnawadanasdnaliidesiuwadoonliiAnms
dremaansléinn (23) lusagdsrtunuinisss
AILtUYesasavatenglaa 40°Brix TiAUIuI
ihilgayde warUimanimdnilanasiiannsudi

aou 5 TILuANgai 17.68% uaz 12.65% Aua1au
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F9a9nAABINUNUIT8UBS Agarry and Owabor (24)
7 ANWIN1500alUT Al UNTLLI 8ULT8INUINNIT Y

A1982a189ANUIUTUAYN LS ITUIUNTEUIUNNS

139

paaluBasdnaliianisanenuIaans e uesdaws

agltatuniseealudauiu

AN5199 2 ANANEINS (L*) Aenadudnas (@) aranududiudes (b%) Ansiasuwlavesd (AE¥) A1ne

WasLaARIA (a,) warAmUSinameaudeiararsinldvesuasundiniseealuda 5 9alu9 auwusanududy

YosaTaranenglad
v g - L s Usanmveauds
anududuasazane Ad W0ADIHOARIN Y.,
AE~ Pazaraunld

nglag (°Brix)
L* a* b* Ay °Brix

anuan 60.32+0.56* -5.60+0.23¢ 27.81+0.80° - 0.906+0.005°2 11.20+0.98¢
40 44.63+1.35° -2.80+0.53° 26.63+1.01* 15.98+1.75° 0.887+0.003° 21.60+1.08°
50 45.07+1.96° -2.57+0.98 25.03+1.68% 15.79+2.852 0.798+0.001¢ 26.87+0.95°
60 49.63+1.51° -153+0.02* 23.87+1.56° 12.10+2.06° 0.762+0.006¢ 34.20+0.99°2

* AURAYINNITNAGDY 3 1 (ALREB=SD.)

 Fwsiunnarsduluneduididsadudanuwanasiueg el dedagdamnead @ (p<0.05) W etU3suiiisulaey

DMRT (meanz SD)

nfanevanveINsesaluda Aen1singn

v
° |

iunsdeenaninualyl uregralsAmudsaiansan
anvLAUNNUDINENT IS INNToRElNTaT W
FAUINANTIR 2 FauanIrnANETne (LY AAan
W udung (29 Aranud udnéd o (b A1N1S
Wasuuamwesd (AEY) Amewmasueniin (a,) uazen
Usunmwand ot azansunldve wua sundens
soaluda 5 99lue Wewdsaruiduduvesasazans
nglag (40, 50 wag 60°Brix) wianaUSsudisusu
doudn U waeuandAUSInaeud iazas
YrlFminiy 11.20°Brix Amewmesiend3n 0.906 uasdl
ANd L* a* way b* AU 60.32, -5.60 way 27.81
mudeu 1 ethwdouaalurunsualuansazans
nalaafiamaidadiusingg wumsasuuasssdl
Hasdousnlunmsiasanlsunad Weswnd
\uandRnenmuesemsiiinasron anmuaznng
seusuresuilag dvesesiniAnmsiudsundas

TUladne Iuizﬁ’iWﬂﬂizi.l’mmiLLUiEUE]’Mﬁ LHANS

soaludafumsudssuuuuliiuuse Fefldselu
Ms¥nensasuuladlafnindewssudisuiv
A5 AINS DU (25) AT T UVBIETATAY
ooalufndutiafonilsiifnasonuamiuidve siu
nalsivdsmseealuBaannmsedi 2 wuin AermEdng
() wagArnnududung (@) dunilduanased el
VedAn1eadf (p<0.05) ndan1seeatudai Ay
Wt 3 ety dlolsufuwaouan lusaeditn

a A

anasvasriANuludmvdss (b%) wuiuws ldnuany

@ a

upnANeE 19l TudE AgyNIsana (p>0.05) el unn
WUT AN e auTl Aud ud uvesansazans
ﬂqiﬂaqaﬁuizmw 40 §3 60°Brix daareNsLLAY
299A1 L* ¥39913na13la 3 wua sunasnseedluda
aunniullrdiidmdserauariiefionsandins
Wasuuawesd (AFY) wuiiflwwilduanas (15.98
12.10) Taglanwuamnuuanaseg1eddudrfyniseda
(p>0.05) Aimsusuaenluansazanenglaapuidudy

40°Brix kag 50%Brix luvME nUN1Sanatay 19l
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Sedndunadn (p<0.05) Tesrnsasuulasosd
(AE*) wiriiu 12.10 Tunswiwaeuluansazanenalaa
Aty 60°Brix et uSanalaiinseealuda
a1150%28aAN190UE BuLUasd vo e nst el
desmnansarmenglaafidarududugdasima
i ied oud wad el Wdudasveendiauly
o1neRsdantlunstestuuiisereandindurinld
anmsAndtnaiiatusey q Jumseuld (26)
A10LRDTLOAR S AU LuE BUNS NS
poaludaduuilduanasog 19l dudAyn9ada
(p<0.05) 581114 0.906-0.762 TsapAndaaiunIs
anawosUSinanutuiosnlunisesaludany
T¥arsazarseealudnd fanuidudugandiniig
dudumelududnnaliiielfiAnnnuunnsisves
wseruindunssduldiinisaelouunasas sediv

AT U UVDIFNTALA1UDDALUA N 940 839 B9

EEF Hardness (N)
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Imamqﬁ’uﬂixﬁw%mwmiLLwimadﬁﬂLLazﬁaQﬂagmﬂ
TnedkudluuAal ot uAULT T UVBIASATANY
padluANFINalTeRIINITAElaUNIAENTVIU LAY

Ynaganellia i ukaziinainlinansdueigaine

v
aaa

firnAnemesLoniin (a,) fas (27) Fuufmuii
ALY UveIasazatenglaa 60Brix lien
JaueiuenfiAmgn

911715199 2 nuwwalduve s uty
pg19fludAneEna (p<0.05) vasUsuuvDILTe
fazaneilgdlefioussrinansouanuarndnisug
luansazatenglaa lnedi ndenisudinaeulu
ansavatenglaanutudy 40, 50 war 60°Brix &
AUsInaveudiazanstnldwiifu 21.60, 26.87
Lay 34.20%Brix audsu Yufenisldarsazane
paalufnaududugednaviliiuaouiusunu

vodafiazareinliamsona1dliivmnudutiues

- 4 - Moisture content (%wb)

40.0 - - 100.0
88.25(a)
350 Booo___ 81.87(b) 1847(0) N F 90.0
Bk R Emm e - 800 B
30.0 o E
F 700
= 250 L =
Z 19.48(b) €00 g
@ i L c
i 20.0 500§
5 L
= 15.0 - 11.44(c) 12.85(c) 40.0 %
T . - 30.0 ‘g
10:0 o200 =2
50 7 - 10.0
0.0 0.0

Fresh 40

50 60

Treatments

UM 4 AeruuduasBinanruturesuaoundsnsesdluda 5 Filu WeuUsanududuvesesasanenglaa

b grwsiunnasiulunsazanznageuianuuanaisiuedefivedidgymieada (p<0.05) Weaisuiieulag

DMRT (mean= SD)

o ] = a &
SUN 4 LaAIAIAULTILAZUIUIUAINUTU
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This research aims 1) to study knowledge structure and
collect local cultural and traditional knowledge of Mong Tribe
Bankeknoi, Kaokor District, Phetchabun Province 2) to develop the
semantic knowledge searching system for promoting cultural and
traditional local wisdom knowledge of Mong Tribe and 3) to assess
performance and user’s satisfaction to semantic knowledge searching
system. The sample of this research was 8 cultural and traditional
academic persons, philosophers and computer and information
academic persons of Bankeknoi subdistrict administration organization.
The research instruments were in-depth interviews for collecting the
local wisdom knowledge and user’s satisfaction questionnaire to the
system. The research found that semantic knowledge management

system consists of function 4 parts 1) showing information in the web

frontend 2) controlling contents and rendering format on

WordPress 3) Integrating the ontology knowledgebase with data

on WordPress and 4) Linking the knowledge contents with social
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media. The ontology knowledgebase has totally 16 nodes, classified 3

levels which represented 4 knowledge groups 1) traditional and local

wisdom 2) tour destination 3) accommodation and 4) Mong origin’s

history and language. The result of performance assessment by f

measure was 88.9% and user satisfaction to system in overview was

at highest (x = 4.61, SD = 0.65).
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ARTICLE INFO ABSTRACT
Article history: This research was to study the soil temperature for
Received: 17 April, 2020 chrysanthemum sprout cultivation. The size of the solar radiation
Revised: 7 August, 2020 panel to make hot water was 55x220 cm?. The soil container was

Accepted: 31 August, 2020 1 m” It contained 10 cm tall for seedling soil. The temperature
Available online: 22 December, 2020 measurement of the first soil layer temperature was attached to

DOI: 10.14456/rj-rmutt.2020.26  the heating plate below. The second layer would be higher than

Keywords: solar water the first 5 cm and the third layer was higher than the heating unit
heating system, solar 10 cm. From the experiment, heating the soil was operated by
radiation panel, soil controlling the water temperature in the tank constant 70, 60, 50,
temperature, and 40°C. It was found that soil layer 1 had an average temperature

Chrysanthemum of 56, 50.7, 48 and 41°C, respectively. Soil layer 2 had an average
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temperature of 44, 41.2, 39 and 35.5°C, respectively, and soil layer
3 had an average temperature of 37, 37, 34 and 32.2°C, respectively.
In the case of not controlling the water temperature from making
hot water during the day, which solar energy was utilized to bring
hot water to use at night by changing the water temperature of 60
and 40°C, it was found that the soil layer 1 had an average
temperature of 42 and 35°C respectively. Soil layer 2 had an
average temperature of 34 and 29°C respectively, and soil layer 3
had a constant average temperature of 28°C. Water temperature
40 - 70°C was used as a heat source transferring heat to the soil
where chrysanthemum sprout was cultivated with an area of 1 m?,
depth 10 cm as required, even if the water temperature was not

maintained at night; the water temperature naturally decreased.
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Thai custard dessert is a Thai traditional dessert that is
modified by adding green tea powder in order to add varieties to Thai
dessert custard products and new options for healthy consumers.
Green tea is highly nutritious and contains important substances that
are beneficial to the body. The objective of this research was to study
the optimum ratios of green tea powder on fresh milk egg Thai
custard dessert supplemented with green tea products development.
This research consisted in four treatments: Egg Thai custard dessert (a
control), green tea powder in various ratios of 25, 50 and 75 (w/v) of
fresh milk were obtained, respectively. The physical properties as L*,
a*, b* value and texture measurement (hardness, gumminess,
chewiness and springiness) were investigated. The chemical
composition by proximate analysis of fat, protein, fiber, ash and
carbohydrate were determined. The microbiological property was
studied by total plate count analysis. In addition, the sensory
evaluation was performed by using 9-points hedonic scale. The

results from physical properties showed that L*, a*, b* and hardness
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were statistically significant (P<0.05). The chemical composition

revealed that Treatment 4 had the lowest fat value of 6.05% but gave

the highest protein, fiber and ash values of 6.29%, 1.07% and 0.85%,

respectively. The microbiological results indicated that total plate

count in all treatments were less than 1x10° CFU/g within standard

criteria. The sensory properties revealed that panelists accepted on

treatment 4 which gave the same highest scores on taste, overall

acceptability and odor of 7.73 and 7.76, respectively.
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