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Abstract

This work aims to study the influence of durian rind cellulose (DRC) microfiber as a reinforcing filler on
the mechanical properties of polylactic acid (PLA) bio-composites. Cellulose from durian rind will be
extracted using sodium hydroxide solution and bleached treatment with hydrogen peroxide. X-Ray
fluorescence technique was used to examine the chemical composition of durian rind cellulose, and
functional groups were analyzed using FT-IR technique. PLA was mixed with DRC microfibers particle
size of 300 um by using a mixing apparatus, and then melt-blending by extruder in varying ratios of 100/0,
95/5, 93/7, 90/10, and 80/2 0 wt%. The results revealed that the mechanical properties of PLA/DRC
composites in the tensile modulus, flexural modulus, and shore-D hardness of the composites at DRC
microfibers of 20 wt% was increased a maximum of 64%, 21%, and 16%, respectively, as compared to the
neat PLA. On the other hand, the tensile strength, and flexural strength of the composites at DRC
microfibers of 20 wt% was depressed by 9%, and 23%, respectively, as compared to the neat PLA. Polymer
composites reinforced with DRC microfiber had increased water absorption when increasing DRC
microfiber particles. PLA biocomposites as a new eco-friendly alternative material, and can be used to as

compostable chopsticks.

Keywords: Durian rind cellulose, Polylactic acid, Biocomposite, Mechanical properties

1. Introduction

Polymer biocomposites are green alternative
materials that can be fabricated to replace the rare
and expensive woods, and can also serve as
environmentally  friendly  alternatives  to
petroleum-based plastics such as high-density
polyethylene (HDPE), polypropylene (PP), etc.
These plastics are durable and have a long
lifespan, but they cannot be decomposed
naturally. Consequently, the amount of plastic
waste has increased worldwide along with the
increasing population, leading to the greenhouse
effect and global warming. Polymer composite
materials have garnered attention from researchers
due to their advantages in good mechanical
properties and suitability for a wide range of
applications in the automotive industry,
agricultural industry, interior architecture, and
various creative works that require durability and
beauty.

Durian is another important economic fruit
crop of Thailand, and it has important cultivation
areas in the eastern and southern regions of the
country. Durian production throughout the year
in Thailand amounts to 1,537,000 tons. [1]. After
consuming a durian fruit, the durian rind is

considered waste. Durian rind fibers have good
mechanical properties, environmentally friendly,
and biodegradable [2-4]. Xing et al. [5] studied
preparation and extraction of cellulose nanofibers
from durian peel using sodium carbonate, and
found that cellulose nanofiber aerogel had the
porosity high to 99%, and compressive strength
of cellulose aerogel composite was highest when
increased cellulose nanofibers of 5 wt%.
Nadondu et al. [6] studied the mechanical of
polylactic acid/glass-carbon/durian skin fiber
hybrid composites, and found that tensile and
impact strength, and hardness of PLA composites
increased when a mixture content of E-glass
fiber/carbon  fiber/durian skin  fiber was
5.05/10/10 wt%, respectively. Polypropylene
hybrid-composites reinforced with cellulose
nanofibers (CNFs)/Talc, and mix with a maleic-
anhydride were investigated by Kinoshita et al.
[7]. They found that the mechanical properties of
the composites (elastic constant, and tensile
strength) increased when increasing the cellulose
nanofibers and maleic-anhydride. Zhao et al. [8]
used an epoxy solution-modified pine-wood
fibers as a reinforced on PLA composites. It was
found that the PLA composites reinforced with

doi: 10.14456/rmutlengj.2024.9
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pine-wood, and add an epoxy solution an amount
of 0.5-10 wt% increased in tensile strengths and
elastic modulus of the composites up to 20% and
82%, as compared to pure PLA. In addition, also
found that the PLA composites/pine-wood with
an epoxy solution (1.0 wt%), had occurred fewer
voids on the fracture surface of the composites,
as comparing with PLA/pine-wood composites
without surface-modified of pine-wood fibers by
epoxy solution. Sitticharoen et al. [9] studied the
mechanical and thermal properties of polylactic
acid (PLA) hybrid biocomposites reinforced with
hemp microfibers (Hf) and microtalc (Tc) were
investigated. Young's modulus and hardness
properties of biocomposites for chemical surface-
modified Hf-Tc particles were higher, as
comparing with non-modified particles, also
found that the impact strength of biocomposites
for modified Hf-Tc content at a ratio of 14:6 wt%,
and 6:14 wt% were significantly increased. The
crystallinity of PLA-Hf-Tc biocomposites for
chemical surface modified Hf-Tc and non-
modified Hf-Tc a little increased, but the melting
temperatures of biocomposites were didn't
different to pure PLA. Thermal stability of pure
PLA was higher, as compared to PLA-Hf-Tc
biocomposites. Rafigah et al. [10] studied the
miswak fibers treatment with a sodium hydroxide
(NaOH) on the mechanical- thermal properties of
polylactic acid composites, and found that the
tensile strength of the composites significantly
increased with increasing concentration of a
chemical solution treatment the miswak fibers,
but modulus of the composites tends to decline.
The thermal stability of the composites slightly
increased as comparing with the un-treated fiber
composites. Jesus et al. [11] studied the
mechanical and thermal properties of polylactic
acid (PLA) reinforced  with  curaus
microfibrillated cellulose, and found that the
tensile and flexural strength, and flexural
modulus of composites increased with 0.5 wt% of
microfibrillated cellulose as compared to the neat
PLA, and thermal stability of the composites
lower than that the neat PLA.

This research aims to study cellulose
microfibers from waste durian rind as
reinforcements in  polylactic acid (PLA)
composites, and to use them in the production of
biodegradable prototype chopsticks.

2. Materials and Methods
2.1 Materials

Polylactic acid (PLA) injection grade 3251D,
with a melt flow rate (MFR) of 35 g/10 min (190

°C, 2.16 kg), and obtained in pellets form by
Nature Works LLC, USA. Durian rind (DR) as
waste, and obtained from Muang Mai Market in
Chiang mai, Thailand, as displayed in Fig. 1(a).
Durian rind cellulose microfibers (DRC) were an

Figure 1 (a) DR and (b) DRC microfibers.

average of particles size of 300 um, as shown in
Fig. 1(b). The chemical used in this work as
sodium hydroxide (NaOH) solution, and
hydrogen peroxide (H;0.) solution were
purchased from Northern Chemicals and
Glassware  Ltd., Partnership (Chiang  Mai,
Thailand). The chemical constituent of DRC
microfibers were investigated with X-ray
fluorescence spectroscopy (XRF) technique,
(Fischerscope X-RAY XUV 773), as displayed in
Table 1.
2.2 Preparation of DRC Microfibers

DR was washed and cut into small, thin
pieces. The small DR pieces were boiled in a
sodium hydroxide solution with a concentration
of 15 wt% at 90°C for 2 hours. Then, the DR was
stirred to separate it into fibers. Finally, the DR
fibers were rinsed with running tap water. A 35
wt% hydrogen peroxide solution of was bleached
treatment the DR fibers, and rinsed the DR fibers

Volume 9 Issue 2 July -December 2024
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with running water from tap water until the pH
value achieved 7.0. DRC microfibers were dried
in an oven at 80 °C for 48 h [9, 24], and then
grinded and sieved with ASTM E11 No.50 mesh
(particles size: 300 um).

Table 1 Examination of chemical constituent of
DRC microfibers with XRF technique.

Chemical constituent of Content (%)
DRC microfibers
Iron (111) oxide (Fe203) 47.8
Calcium oxide (CaO) 18.3
Silicon dioxide (SiO>) 16.9
Sulfur trioxide (SOgz) 6.28
Potassium oxide (K20) 3.39
Phosphorus pentoxide (P2Os) 3.05
Zinc oxide (ZnO) 1.67
Titanium (IV) oxide (TiOy) 1.35
Manganese (IV) oxide (MnQO,) 1.26

2.3 Fourier Transform Infrared Spectroscopy

The functional groups of DR and DRC
microfibers was examined with a Fourier
transform infrared (FT-IR) instruments (Thermo
Fisher Scientific, Nicolet 6700). The samples
were scanned in the range of 4000 cm™ to 500 cm”
1 and infrared spectra was used at a resolution of
4cm.
2.4 Scanning Electron Microscopy Analysis

Fracture surface of PLA/DRC biocomposite
samples were performed in liquid nitrogen for 2
min, and then the top of the samples were coated
with thin layer of gold by sputter coating
apparatus. The fracture surface of biocomposites
in this work were analyzed on scanning electron
microscopy (SEM) apparatus (JEOL, JSM-
5410LV), and conducted with an accelerating
voltage of 15 kV.
2.5 Preparation of biocomposites

PLA were mixed with DRC microfibers
using a mixer machine in varying ratios of
100/0, 95/5, 93/7, 90/10, and 80/20 wt%, and
each compound ratio was mixed for 3 min. Then,
melt-blend was done on a single screw extruder
(SMC500) machine. The temperature profiles of
melt-blend by extruder from hopper to melt-area
zones (a capillary die) were 150 °C t0180 °C,
and a screw rotation speed was set low at 40
rpm, and then cut into the bio-composite pellets
with a pelletizer apparatus. PLA/DRC
biocomposites were placed in an oven at 80 °C
for 24 h [9, 24]. All the test specimens, and
compostable  chopsticks  workpiece  were
performed using an injection molding (HYF -
1000) machine, with wused an injection

temperature of 185 °C. The specimen dumbbell-
shape of PLA/DRC biocomposites for different
DRC ratio were done by mold, as shown in Fig.

(@) (b)

Figure 2 PLA/DRC biocomposites specimen
images for different DRC ratio: (a) 100/0 wt%,
(b) 95/5 wt%, (c) 93/7 wt%, (d) 90/10 wt%, and
(e) 80/20 wt%.

2.6 Mechanical Properties

The Hounsfield50-KS tester machine was
used to perform the tensile and flexural test of the
PLA/DRC biocomposites. Tensile tests were
conducted at running the speed of 50 mm/min,
according to ASTM D638-2014, and flexural test
was done at running the speed of 1 mm/min,
according to ASTM D790-2007. Hardness
(Shore-D) test was evaluated using a Durometer
(HH-337-11) apparatus. All values of the
mechanical properties of PLA/DRC
biocomposites were evaluated using independent
measurements to ensure data reliability. The
averages were calculated from 5 replicate test
samples in each mixing ratio, as illustrated in Fig.
2, and then the results were reported.
2.7 Water Absorption Measurement

Water  absorption  measurements  of
PLA/DRC biocomposites were conducted in
accordance with 1SO-62-2008, as a modified-
standard. All the specimens were performed by
immersion in water for 14 days, and then
weighed. The water absorption of biocomposites
was evaluated, and the results were reported
based on the average of measurements from 5
independent  testing  replications in an
experiment. The water absorption (Wass) values
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are reported as the percentage of water absorption
(%Was), as follows [9,12]:

W,o-Wy
o &

%Wabs:

where W, and W, are the sample weight after
immersion, and the sample weight prior
immersion in water, respectively.

BTEC-CMU 6410242 (1)
50

ETSC-CML E410242 (2)

% T

2T

80

3500 3000

vibration of the hydroxyl groups, because of the
hydrogen bonded between the molecules. In
this work was used a sodium hydroxide on
eliminate the lignin and hemicellulose from
the DR microfibers, as shown in the curve of
DR. The absorption band of DR microfibers at
the wavenumber of 2919 cm* was assigned to
the C-H stretching vibration in molecules from

DRC

OR

2000 1500 1000

Wavenumbers (cm-1)

Figure 3 FT-IR spectroscopy of DR, and DRC.

3. Results and Discussion
3.1 Characterization of DRC Microfibers

An image of DRC microfibers, as shown in
Fig. 1. Itis clearly that DRC microfibers was fine
white powder particles, as a result of bleached
treatment with hydrogen peroxide used. The
chemical constituent of DRC microfibers was
examined by XRF instrument. It was obviously
visible that the main composition of DRC
microfibers, approximately 47.8% as ferric
oxide, 18.3% of calcium oxide, 16.9% of silicon
dioxide, and the rest composed of the sulfur
trioxide, potassium oxide, phosphorus pentoxide,
zinc oxide, etc., as depited in Table 1.
3.2 Fourier Transform Infrared Spectroscopy
(FT-IR) Analysis

The principle functional groups of DR and
DRC microfibers were analyzed with FT-IR
technique in the scanning range of 4000 cm™ to
500 cm, and the FT-IR spectra results of the
samples at each range were recorded, and then
reported, as displayed in Fig. 3. The FT-IR
spectrum of the DR and DRC microfibers were
exhibited severe peaks, which was indicated the
presence of O-H stretching vibration in the DR
and DRC microfibers at the wavenumber of 3283
cm™ and 3329 cm?, respectively. This stretching
peak in the DR and DRC microfibers indicated
the hydrophilic of fibers surface. This view also
supported by the works of Xing et al. [5], Zhao et
al. [8], Jumaidin et al. [13], Edhirej et al. [14], and
Kunthadong et al. [15] who stated that the peak
in these range were attributed to the stretching

of CH; and/or CH; groups [13,14,16,17]. At
the wavenumber of 1730 cm™ of DR was
indicated the presence of the stretching vibration
of C=0, which was an ester group that
presence in the hemicellulose, and had been
widely found by the works [5,13,15,18]. The
stretching vibration C=C bond of DR at the
wavenumber of 1510 cm™, which was indicated
the existence of the benzene ring of lignin
[5,18,19]. It was found that at the wavenumber of
1420 cm™ of DR was assigned to the aromatic-
skeletal vibration of lignin. The C-O stretching
vibration peak of lignin in the natural fibers was
represented at 1235 cm™? [5,18-21]. After used a
sodium hydroxide treatment, those characteristic
of the peaks invisible in the curve DRC. The
results clearly shown that the lignin and
hemicellulose in the DR microfibers had been
successfully eliminated. The FT-IR spactra
results of DRC microfiber appeared in curve
DRC, it was obvious that the durian rind cellulose
composed of the characteristic absorption peaks
of O-H stretching vibration, C-H stretching
vibration, C-H bending vibration, and C-O
stretching vibration at a wavenumber of 3329
cm?, 2891 cm?, 1366 cm?, and 1157 cm?,
respectively. It was also found that at a
wavenumber of 894 cm™ were defined to the B-
glycosidic linkage [5,15-17,22].
3.3 Mechanical Properties

Elastic modulus and tensile strength results
of PLA/DRC biocomposites for different DRC
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ratio are presented in Table 2, and Fig. 4. It was
found that when added the reinforcing filler into
PLA biocomposites, the elastic modulus values
of PLA/DRC biocomposites significantly
increased. This was because of the effect of the
rigidities of the silica and calcium-based DRC
microfibers that can be inserted and dispersion
within ~ the  PLA-matrix  biocomposites
[9,23,24]. The elastic modulus value of the
biocomposites at DRC microfibers of 20 wt%
was increased a maximum of 64% as comparing
with the neat PLA. On the other hand, the tensile
strength values of the biocomposites slightly
decreased with the increasing in the DRC
microfibers content loading. At the DRC
microfibers of 20 wt%, the tensile strength value
of the biocomposites was reduced by 9% as
compared to the neat PLA. The decrease in
tensile strength of the biocomposites also has
been reported by other researchers [6,9,23-25].

Table 2 Experimental elastic modulus (E.M.) and
tensile strength (T.S.) results.

PLA/ | 100/0 | 95/5 93/7 90/10 | 80/20
DRC

(wt%)
EM. | 1.273. | 1,594. | 1,767. | 1,889. | 2085.
(M P 3.) 28 68 51 14 60

T.S. |6892 |61.80 [59.84 |56.75 | 6252
(MPa)

2500 80
= 2000 N =
& F 60 &
< =)
o
= 1500 [ S0 =
= (Yl
3 - 40 §
- 1k
&:.;J 1000 ': £ 30 ;
E, -=PLA/DRC (Modulus) =
£ g
S ~-PLA/DRC (Strength) " =
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S £ o S %
& o g o &

PLA/DRC (Wt%)

Figure 4 Elastic modulus and tensile strength
of PLA/DRC biocomposites for different DRC
ratio.

This may be attributed to an agglomeration
of fibers to fibers, leading to the decline
interfacial area between PLA-matrix surface and

DRC microfibers when the mixture of fiber
increases up to 20wt%, resulted in a decrease in
the tensile strength. As displayed in the SEM
images of the biocomposites in Fig. 6(d), and Fig.
6(e), which was obviously appeared the voids,
pore, crack-texture, and also the pull-out of the
DRC fibers from the PLA matrix surface that
indicate a weak of adhesion in the PLA
biocomposites. The flexural modulus and
flexural strength results of the PLA/DRC
biocomposites for different ratio are shown in
Table 3, and Fig. 5. It was observed that the
flexural modulus gradually increased with
increasing the DRC microfibers filler content.
The flexural modulus value of the biocomposites
at DRC microfibers of 20 wt% increased a
maximum of 21% as compared to the neat PLA.

Table 3 Experimental flexural modulus (F.M.)
and flexural strength (F.S.) results.

PLA/ | 100/0 | 95/5 | 93/7 | 90/10 | 80/20
DRC

(Wt%)
F.M | 1,896. | 1,988. | 2,148. | 2,237. | 2,288.
(MPa) | 88 45 23 14 60

F.S. | 104. 98.75 | 94.70 | 86.46 | 80.37
(MPa) | 12

2500 110
100
o~ ~
& 2000 N =
- =
< 80 2
W
2 1500 70 %
= 60 =
= @
= =
£ i 50 g
= 1000 0 7
5 -=PLA/DRC (Modulus) 30 2
g g
= 500 20 =
= -6 PLA/DRC (Strength) =)
[ 10
0 [ 1 1 1 0
D \e) A QD W
& " o \ v
K S 3 ® &

PLA/DRC (wt%)

Figure 5 Flexural modulus and flexural strength
of PLA/DRC biocomposites for different DRC
ratio.

It was found that the flexural strength value of the
biocomposites decreased as the increases the filler
loading. At the DRC microfibers of 20wt%, the
flexural strength value of the biocomposites was 23%
reduced as compared to the neat PLA. When
increased in filler concentrations the flexural modulus
of the composites progressively increased but slightly
decreased its flexural strength (intersection point at
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mixing ratio: 93/7wt%) as displayed in Fig. 5. The
decrease in flexural strength of the composites can be
revealed by the SEM image in Fig. 6(c), due to

Fibers pull-out

Crack-texture \

—a—Voids

1S5kU X3S Soarm G0ROA0

(€) ~F=cCrack-texture

7

q Fib\érs pull-out

Voids

Figure 6 SEM images of PLA/DRC bio-
Composites at different DRC ratio: (a) 100/0
wt%, (b) 95/5wt%, (c) 93/7 wt%, (d) 90/10
wt%, and (e) 80/20 wt% (x35).

poor fiber dispersion. This may lead to the
formation of voids and pores on the PLA matrix
surface [3,9]. Fig. 6 demonstrated the SEM
microstructure of the PLA/DRC biocomposite
samples. Obviously, when increased the filler
loading in the biocomposites, the microstructure
gradually changes. This was led to

incompatibility between PLA-matrix and the
DRC microfibers, and then the generate more
the voids, pore, crack-texture and the fibers pull-
out within the bio-composite samples, which
was a reduced in the tensile and flexural
strength. The results of shore-D hardness of
PLA/DRC biocomposites are depicted in Table
4, and Fig. 7. It was obviously that when the
DRC filler concentration was increased, the
hardness values of the biocomposites
progressively increased, because of these the
DRC microfibers composed of the strong filler
particles. The hardness values of the
biocomposites with DRC microfibers of 20 wt%
was 83.64 as compared to the neat PLA was
72.3.

Table 4 Experimental hardness results.

PLA/ | 100/0 | 95/5 | 93/7 | 90/10 | 80/20
DRC
(Wt%)
Shore- | 72.30 | 77.47 | 80.53 | 81.76 | 83.64
D

90
% p
E
Z 80 -
=
=
7
@
=] -+
£ 70
w
60 L L 1
YRR
N q I I\
PLA/DRC (wt%)

Figure 7 Hardness of PLA/DRC biocomposites
for different DRC ratio.

3.4 Water Absorption Measurement

Water absorption measurement was one
necessary properties of the biocomposites that
must be performed, as presented in Table 5, and
Fig. 8. It was found that the water absorption of
PLA/DRC biocomposites properties gradually
increased with increasing the DRC microfibers. It
can be explained in two possible manners, as
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follows: 1) Natural fibers loaded into
biocomposites generally had  hydrophilic
properties, and it was affirmed from FT-IR results
at 3329 cm?, indicated the O-H groups of the
nature fibers as hydrophilic [8,13,14], and also
confirmed this view from the literatures [9,25],
who stated that the composites with high natural
fibers content, the water absorption will also be
high, 2) When natural fibers added to polymer-
matrix composites, they encourage the formation

Table 5 Experimental water absorption (Waps)

results.

PLA/DRC | 100/0 | 95/5 | 93/7 | 90710 | 80/20
(Wt%)
Waps (%) | 00 [029 ] 115 | 414 | 550

6 -

‘Water absorption (%)

0 [ 1 1 1

o “ A S
& b $ &

W
v
R \

%Q
PLA/DRC (wt%)

Figure 8 Water absorption of PLA/DRC
biocomposites for different DRC ratio.

of voids, pores, and fiber debonding within the
composite samples. Thus, the water can be easily
inserted into the composites [9,25].
3.5 Application of the PLA/DRC Bio-composites
Fig. 9 shows the photograph of the compostable
chopsticks sample made from PLA/DRC bio-
composites with the ratio of PLA/DRC microfibers
at 93/7 wt%. These compostable chopsticks were
done by an injection molding method at the melting
temperature of 185 °C, and had the dimension of
a chopstick was 5 mm in diameter, and 206 mm in
length.

P e
e e

Figure 9 Compostable chopsticks made from
PLA/DRC biocomposites.

4. Conclusions

Durian rind cellulose microfiber is an
alternative reinforcing filler used in polylactic
acid bio-composite materials. The results
showed that durian rind cellulose constitute
approximately 18.3% of calcium oxide, and
16.9% of silicon dioxide which was potential as
a reinforcing filler. It was found that the
mechanical properties of the polylactic
acid/durian rind cellulose biocomposite had the
value of the tensile modulus, flexural modulus
and hardness (shore-D) increased with
increasing durian rind cellulose microfiber
particles, but the value of the tensile strength and
flexural strength depressed when the amount of
durian rind cellulose particles increased.
Polymer composites reinforced with durian rind
cellulose microfiber particles was found to be
increased water absorption when increased the
durian rind cellulose. PLA can be mixed with 7
wt% DRC fibers, results in the tensile and
flexural modulus, and hardness of composites
clearly increased but slightly decreased its
tensile and flexural strength. PLA/DRC
biocomposites are eco-friendly, lightweight,
non-toxic, and naturally  biodegradable
materials, its suitable for use in consumer
products such as biodegradable spoons and
chopsticks.
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Abstract

This study investigated the potential of using two types of water hyacinth as adsorbents for removing
Methylene Blue (MB) from aqueous solutions. The Langmuir isotherm model best fits the adsorption
isotherm data, with Dried Water Hyacinth (DWH) performing better than Calcined Water Hyacinth (CWH).
The modeling data breakthrough curve indicated that DWH and CWH followed pseudo- second- order
kinetics monolayer chemical sorption. Even though DWH has a lower adsorption capacity than activated
carbon and other expensive adsorbents, it is comparable to, or performed better than other low- cost

adsorbents.

Keywords: Adsorption, Methylene blue, Water hyacinth, Low-cost adsorbent, Fixed bed column

1. Introduction

Synthetic dyes are used in various industries to
color products such as textiles, plastics, and
leather. However, many of these dyes remain
unconsumed and are discharged into effluent,
which poses an ecological threat. Dye fixation
during the dyeing process depends on the type of
dye used. The presence of dyes in effluents reduces
light penetration, which affects the metabolic
activities of aquatic organisms, thereby
threatening aquatic ecosystems and human health.
Methylene blue (MB), a cationic dye used in the
textile industry, can impair photosynthesis as well
as cause skin irritation, cancer, nausea, vomiting,
diarrhea, gastritis, eye burning, and mutagenicity
in animals. Treatment of MB dye before discharge
into freshwater ecosystems is essential.

Various methods are used for treating colored
wastewater,  including  reverse  0sSmosis,
sedimentation, ultrafiltration, solvent extraction,
adsorption, catalysis, coagulation, ion exchange,
and photo-oxidation. Adsorption is a cost-effective
way to remove dyes from water [ 1-2]. Various
adsorbents have been studied for removing dyes,
metals, pharmaceutical residues, and toxic
substances from water [ 3-4]. Activated carbon is
commonly used due to its high adsorption
capacity, but it's expensive. Low-cost materials
such as kudzu, coir pith, and sawdust are being

explored. Many adsorbents, including activated
carbon, clay, and nanomaterials, are used for
removing MB from water [5-6]. Water hyacinth is
a free- floating aquatic plant that can remove
pollutants from water. This study uses water
hyacinth as an adsorbent to remove MB from
water.

2. Materials and methods
2.1 Preparation of adsorbents

Water hyacinths were collected from a public
pond in the Mae Rim district, Chiang Mai
province. After washing them with tap water, the
shoots were sun-dried and oven-dried at 100°C for
24 hours. The dried hyacinths were either ground
(DWH) or heated in an incinerator at 600°C for 5
minutes to produce calcined water hyacinth
(CWH).
2.2 Preparation of adsorbates

MB was bought from Merck and used as-is.
Stock solutions were made in distilled water, and
all study solutions were prepared by dissolving
MB in distilled water.
2.3 Characterization of adsorbents

Adsorbent structures were examined using a
JEOL-JSM5410LYV scanning electron microscope.
N2 adsorption-desorption measured BET surface
area, pore size distribution, and volume. FTIR
confirmed organofunctional groups on the

doi: 10.14456/rmutlengj.2024.10
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adsorbents' surface. pHpzc was determined using
the solid addition method [7-8].
2.4 Batch equilibrium studies

Water hyacinth powder was mixed with MB
solutions in conical flasks, and stirred in a rotary
shaker (25°C, 200 rpm) until equilibrium was
reached. The diameters of DWH and CWH were
controlled at approximately 2mm and 0.02mm,
respectively. Centrifugation separated the mixture.
MB residual levels were measured by a Shimadzu
double-beam UV-visible spectrophotometer (668
nm. Batch equilibrium tests studied MB adsorption
onto water hyacinth based on MB initial
concentration,  contact time, pH, and
temperature. The adsorption capacity of the
adsorbent is determined from the mass balance
equation. It can be expressed as Eq. (1)

(C ‘Ce)
q= ey (1)

Where q, represents the adsorption capacity
(mg/g), Co is the initial concentration of the
adsorbate ( mg/ L) , Ce is the equilibrium
concentration of the adsorbate, V is the volume of
the solution (liters), and M is the mass of the
adsorbent (gams). To understand the mechanism,
we analyzed data using five mathematical
isotherm models. These models were used to
model the adsorption of MB onto adsorbents
prepared from water hyacinth. The linear form of
the Langmuir isotherm [14] can be described as

Eq. (2):

= @)

where q,, is the maximum adsorption capacity
(mg/g), and k; is the Langmuir constant. The
dimensionless separation factor R., which is used
to predict the favorability of an adsorption system,
can be described as Eq. (3):

Ri=ree (3

where C, is the initial concentration of
pharmaceuticals (mg/l).

The Freundlich isotherm in its linear form can
be represented by Equation (4) as described in

reference [15].

Ing,=Inkg+ i InC, (4)

Where kp is the Freundlich constant and n is the
adsorption intensity (dimensionless).

The Dubinin- Radushkevich isotherm can be
described by Egs. (5) and (6) in linear form [15-
16].

Ing,=In qm-Bs2 5)
1
g=RTIn (1+C—) (6)

Where gq,, is the maximum amount of
adsorbate that can be adsorbed per unit mass of
adsorbent, B is a constant related to the free energy
of sorption per mole of adsorbate (J/mol), € is the
Polanyi potential and R is the gas constant (8.314
J/mol/K).

The linear form of the Temkin isotherm [ 15]
can be described as Eq. (7):

RT R
4= In AT+b—: InC, 7

Where A; (L/g) and by (J/mol) are the Temkin
constants.
The Linear isotherm [16] can be described as

Eq. (8):
q.=K,Ce (®)

where K, is the linear constant (liters/grams).
2.4.1 Studies on the effect of initial dye concentration

To test the effects of MB concentration on its
adsorption onto water hyacinth, four different MB
solutions were used (50, 100, 150, and 200 mg/L).
Each solution was placed in a 250 mL Erlenmeyer
flask with pH adjusted to 7 using a 0.01 M
phosphate buffer. A fixed ratio of 2 g/L of water
hyacinth to MB solution was maintained
throughout the experiment.
2.4.2 Studies on the effects of pH

The impact of solution pH on the adsorption
process was examined by altering the initial pH of
the solution within the range from 2 to 10. The pH
was adjusted using 0.1 M HCI and/or 0.1 M
NaOH. The initial concentration of MB was fixed
at 100 mg/L. The ratio of water hyacinth to MB
solution was fixed at two g/L.
2.4.3 Batch Kinetic Studies

The procedure of batch kinetic studies was

identical to that of the batch equilibrium studies.
The aqueous samples were collected at preset time
intervals, and the concentrations of MB were
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measured correspondingly. The concentration of
MB was reduced to 100 mg/L, and the pH of the
solution was controlled at 7 with the help of a 0.01
M phosphate buffer. The ratio of water hyacinth to
MB solution was maintained at two g/L. The
mixtures were agitated in a rotary shaker at 25°C,
150 rpm. To evaluate the adsorption kinetics, MB
concentrations were measured at different time
intervals. The liquid from the adsorption mixture
was separated through centrifugation, and the
concentrations of residual MB in the supernatant
were measured. Sampling and measurements were
conducted until the MB solution reached
equilibrium.
2.5 Column adsorption studies

Experimental studies were conducted to
investigate the adsorption of MB solutions using
groundwater hyacinth in a Pyrex glass column
with an inner diameter of 25.4mm, and a height of
30cm. A known amount of groundwater hyacinth
was packed into the column, and 5mm sized glass
beads were used to ensure uniform flow of the
solution.  The effects of wvarious column
parameters on MB adsorption were investigated.
2.5.1 Studies on the effect of flow rate

The flow rate varied between 5, 10, and 15
ml/min. Inlet MB concentration was held constant
at 100 mg/l.
2.5.2 Studies on the effect of inlet dye concentration

Inlet MB concentration was varied between 50,
100, and 150 mg/ L. The flow rate was held
constant at 10 mL/min.

3. Results and discussion
3. 1 Physico- chemical characteristics of the
adsorbents

Table 1 displays the properties of the adsorbents.
The nitrogen gas adsorption- desorption isotherms
plots are shown in Figure 1.

CWH exhibited type IV isotherms, indicating
that it is a mesoporous adsorbent, while DWH
couldn't be classified. The average pore size of
CWH was larger (81.89 A) compared to DWH
(26.65 A). The specific surface area of CWH was
higher (28.9 m2/g) than DWH (14.64 m?%g). The
pore volume of CWH was also higher (0.1186
cm3/g) than DWH (0.0274 cm?/g). Calcination
increased the pore size, specific surface area, and

pore volume of water hyacinth. The pHpzc for
DWH was about 6.4, whereas for CWH, it was
approximately 10.5. Approximately 95% of dried

samples yield, while only 25% of calcined
samples yield.
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Figurel Nitrogen gas adsorption- desorption
isotherms of (a) DWH and (b) CWH.

Table 1. Physicochemical characteristics of DMH and

CMH.
BET Pore
Pore surface  volume
Adsorbents  diameter 3 pzc”
A)? area (cm°/g)
(m?/gy *
DWH  26.6 1464 0.0274 6.4
CWH 81.89 28.90 0.1186 105

determined hy BET analysis of N2 adsorption-desorption

PpH of net zero charge

The FTIR spectrum of DWH is compared with
CWH, and this is shown in Figure 2. With DWH,
peaks were found at 1318.1 cmt, 1371 cm,1384.6
cm?, 1421.3cm™, 1622 cm™, 1734 cm™, 2292.6 cm
12925 cm?, and 3366 cm™. A peak at 1318.1 cm!
indicates the presence of CH [7], and at 1371 cm™?,
the presence of CH, [40]. Peaks at 1384.6 cm* and
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1421.3 cm ! indicate the presence of OH phenolic
and C-O of cellulose, respectively [9]. The presence
of hemicellulose was seen at a peak of 1622 cm!
[10]. Peaks observed at a 1734 cm! indicate the
presence of acetyl and ester in the carboxyl group
chain of the acid p-koumeril, as well as indicating
the presence of lignin and hemicellulose [10]. This
result agrees with previous work Thiripura and
Ramesh presented [11]. Peaks observed at 2292.6
cmt, 2854-2952 cm?, and 3366-3400 cmtindicate
the presence of CH, CH, and OH respectively [ 8-
9]. In CWH, FTIR spectrum findings were different.
Peaks at 1318.1 cm™, 1384.6 cm™, 1421.3 cm®, and
2292.6 cm* indicated the presence of CH, CH2, OH
phenolic, and C-O of cellulose, which were found
in DWH, but were not observed in CWH. The four
peaks disappeared. They were broadened and fused
together. The peak at 1622 cm"1 indicated the
presence of hemicellulose, and the peak at 1734 cm-
1 indicated the presence of acetyl and ester in the
carboxyl group chain, as well as the presence of
lignin and hemicellulose which also disappeared.
The peak at 2292.6 cm-?, indicated the presence of
CH2 that still existed, and its peak was a little bit
higher than in DWH. The peaks at 2854-2926 cm,
indicated the presence of CH, while the peaks at
3366- 3400 cm ! indicated the presence of OH;
disappeared and became a linear plot. We analyzed
the FTIR spectrum of DWH both before and after
the adsorption of MB. Before adsorption, peaks
were found at 1318.1 cm™, 1371 cm™, 1384.6 cm™,
1421.3 cm't, 1622 cm't, 1734 cmt, 2292.6 cm'?,
2925 cmt, and 3366 cmt. After MB adsorption,
new peaks were observed at 1593 cmt, 1714 cm™?,
and 1170 cm™. The peak at 1593 cm™ was attributed
to the C=N and C=C vibrations of MB [12]. The
peak at 1714 cm ! was assigned to the Chet =
N*(CHg)2 stretching vibrations of MB. A peak of
1170 cm! was attributed to the presence of MB
[13]. The FTIR spectrum of CWH was analyzed
before and after the adsorption of MB. Before
adsorption, there was a peak at 2319. 95 cm?,
indicating the presence of N-H, and a peak at
2119.39 cm™, indicating the presence of C=C. Peaks
which were found in DWH at 1318.1 cm-?, 1384.6
cm?, 1421.3cm™, 2292.6 cm™, 1622 cm™, 1734 cm-
1 2854-2926 cm™, and 3366-3400 cm* disappeared.
The peak at 2292.6 cm™* indicated that the presence

of CH still existed, and its peak was slightly higher
than in the DWH. After MB adsorption, new peaks
were found at 1390 cm~and 1170 cm™. The peak at
1390 cm! is attributed to the symmetrical and
asymmetrical bending vibrations of the CHs
functional groups of MB [12]. The peak at 1170 cm-
1 was attributed to the presence of MB [13]. The
study results indicated that MB was adsorbed onto
DWH and CWH.
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Figure 2 Fourier transform infrared spectroscopy (FT-

IR) spectra of DWH and CWH.

Figures 3 and 4 display EDX-SEM images of DWH
and CWH surfaces, morphologies, and their energy-

dispersive X-Ray spectrum.
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Figure 4 The energy dispersive X-ray spectrum of
DWH and CWH.

SEM was used to examine the adsorbents at 200,
1000, and 3500 magnifications. DWH consisted of
large particle agglomerates, while CWH consisted of
smaller particle aggregates with variable shapes. The
morphology of CWH was similar to heat- activated
carbon. EDX revealed that DWH contained six
elements, while CWH contained seven, including Mg.

3.2 Adsorption isotherm (Effect of initial dye concentration)
Figure5 shows MB adsorption onto water hyacinth

at various initial concentrations.

100
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Figure 5 Adsorption capacity of DWH and CWH for MB.

DWH showed higher adsorption capacity than
CWH for all MB concentrations. Adsorption
capacity was higher at high MB concentration than
at low MB concentration. This result agrees with
previous research by Mridusmita Goswami [4]. A
high initial dye concentration increases adsorption
capacity by increasing the contact area and
overcoming resistance to mass transfer. To
understand the mechanism, we analyzed data using
five mathematical isotherm models. These models
were used to model the adsorption of MB onto
adsorbents prepared from water hyacinth. The study
found that the Langmuir isotherm model was the
best fit for both DWH and CWH, as indicated by the
calculated parameters and correlation coefficients
(R?). The MB adsorption isotherm data for MB

adsorption onto various adsorbents, including water
hyacinth, in this study, fitted with the Langmuir
isotherm model [17]. The sorption of MB on WH
was found to follow a Langmuir isotherm,
suggesting a monolayer sorption on homogeneous
energetic; active sites on the surface of the
adsorbent. The maximum adsorption capacity (g,,)
of the adsorbent prepared from the dried shoot of
water hyacinth for MB in this study was 156. 25
mg/g. It was higher than the g,, in the previous
research done by Murai and Uma [18] (g,,,= 17.58-
46.35 mg/g). Compared with the adsorption capacity
of the adsorbent prepared from dried root of water
hyacinth, it was found that g,,, for dried shoot in this
study was lower than g, for dried root in Syed Hadi
Hasan’s study [19] (g.,,= 187.00 mg/g), but higher
than in Soni et al., study [20] (g,,= 8.04 mg/qg).

The adsorbents made from water hyacinth in this
research had an adsorption capacity for MB of
156.25 mg/g, which is similar to picacarb granular
activated carbon (160 mg/g) [4]. It had a higher
adsorption capacity than Ephedra strobilaccea char
(ESC) (31.1 mg/g) [21], phosphoric acid modified
ESC (21.9 mg/g) [21], zinc chloride modified ESC
(37.0 mg/g) [53], and cotton stalk (147 mg/g) [8].
However, its adsorption capacity for MB was lower
than that of activated carbon from mature tea leaves
(446.4 mg/g) [4], sulfonic acid modified activated
carbon (714.3 mg/qg) [4], sulfuric acid treated cotton
stalk (555.5 mg/g) [22], and phosphoric acid treated
cotton stalk (222.2 mg/g) [29]. Adsorbents other
than activated carbon and sulfonic acid- modified
activated carbon that had adsorption capacity for
MB higher than water hyacinth were Filtrasorb400
(gm= 255 mg/g), FesOsgraphene@mesoporous SiO;
nanocomposite (g,,= 178.4 mg/g) [22] and CuS
nanoparticle (g,,= 208.3 mg/g) [23]. Due to its
impressive adsorption capacity, water hyacinth
adsorbent is a cost- effective and easily available
alternative for removing cationic dye like MB. It has
a similar adsorption capacity as picacarb granular
activated carbon, it is higher than Ephedra
strobilaccea char, but lower than expensive
adsorbents.
3.3 Effects of pH

The results of the study are shown in Figure 6.
The study found that the adsorption capacity of
DWH increased as the pH level became more
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neutral or basic (pH 7-9), whereas the adsorption
capacity of CWH increased as the pH level became
more acidic (pH 3-5). The adsorption capacity of
DWH was lowest at pH 3, and that of CWH was
lowest at pH 8 and 9. These findings are in
agreement with the findings in other literature
reports using various adsorbents to adsorb MB
[23,24]. The pH-dependent surface charge of the
adsorbent and the adsorbate can explain the reason
for the observed phenomenon. For the case of DWH,
the pH at which the surface charge is zero (pHezc) is
found to be 6.4. When the pH of the solution is in
the range of 5-7, the surface of DWH becomes
positively charged, which is the same as the charge
of MB. This results in a decreased adsorption
capacity due to the repulsion of electric charges.
However, when the pH of the solution is higher than
6 .4, the surface of DWH becomes negatively
charged, which is opposite to the charge of MB. This
results in an increased adsorption capacity due to the
attraction of electric charges.

100

% removal

Figure 6 Effect of pH on MB adsorption by DWH
and CWH.

Similarly, for CWH, the pHpzc value is found to
be 10.5. When the pH of the solution is greater than
the pKa value of MB (which is equal to 3.8), both
the surface of CWH and the MB molecules become
positively charged, resulting in a repulsive force
between them. This leads to a decreased adsorption
capacity. On the other hand, when the pH of the
solution is less than 3.8, the MB molecules become
negatively charged, which is opposite to the charge
on the surface of CWH. This results in an attractive
force between them, leading to an increased
adsorption capacity.

At low pH levels, excess H+ ions compete with
MB for adsorption sites. As pH increases, negatively
charged sites become more favorable for adsorption
due to electrostatic attraction.

3.4 Adsorption Kinetics

Figure 7 shows that the concentration of MB in
the solution dropped quickly in the first 30 minutes
for both adsorbents. After that, the concentration
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continued to decrease until it reached equilibrium in
approximately 3 hours.

Figure 7 Adsorption kinetics of MB adsorbed by
(2) DWH and (b) CWH.

3.4.1. Adsorption kinetic models

To evaluate the efficiency of the adsorption
process, the experimental data was interpreted
using the pseudo-first-order, pseudo-second-order,
and Ritchie kinetic models. The pseudo-first-order
kinetic model, as defined in Eq. (9) [25], can be
expressed as follows:
1k, 1

iy ©)

4 et 9

The amount of adsorbate adsorbed at
equilibrium ge and at a specific time, g is measured
in milligrams per gram. The pseudo-first-order rate
constant ki is also calculated in terms of per
minute. The values of q, and k, are derived from
the slope and intercept of the plots of 1/q; versus
1/t, respectively.

The pseudo-second-order equation [25] can be
defined as in Eq. (10):

t 1 t

= + — (10)

q kg q

Where k, is the pseudo- second- order rate
constant, which is determined from the plots of t/q;
versus t. Furthermore, the initial adsorption rate (h)
that is obtained from this model can be expressed
asin Eq. (11):

Volume 9 Issue 2 July —December 2024



RMUTL. Eng. J Q

Rajamangala University of Technology Lanna (RMUTL) Engineering Journal

h=k2q§ (11)
The Ritchie kinetic model [26] can be expressed
asin Eqg. (12)
11

1
o ket @ (12)

where k; is the Ritchie rate constant and is derived
from the plots of 1/q: versus 1/1.

The adsorption parameters and kinetic models are
calculated for MB adsorption on each adsorbent, as
shown in Table 2. The correlation coefficients suggest
that pseudo- second- order Kkinetics represent the
adsorption of MB onto DWH and CWH. These
findings are consistent with previous studies [27]. It
is assumed that chemisorption is involved in the
adsorption process. The adsorption rate was 24.5
mg/g/min in DWH and 1.54 mg/g/min in CWH. In
Khan's study, 85% of MB was removed in 10-15 min.
Reduction in the removal rate suggests monolayer
coverage on the outer surface of adsorbent and pore
diffusion on the inner surface through continuous
agitation [17].

Table 2. Kinetic parameters for the biosorption of
Methylene blue onto DWH and CWH.

Pseudo-first order

Adsorbent Oe.exp

C™Y e me ¥
DWH 43.02 0.0086 9.972  0.579
CWH 9.21 0.0081 3.317  0.677
Pseudo-second order Ritchie
(g/kn21g/ Gecal 2 (mg/g/mi (L/knrwin Gocal R?
miny (M9/0) o y (mglg)

0.0117 41.84 0.999 20.45 0.235 43.29 0.960
0.0201 8.650 0.999 1.545 13.36 0.739 0.940

3.4.2 Intraparticle diffusion

The Boyd kinetic models were used to analyze
the adsorption process, determining the diffusion
mechanism and rate- limiting step. In solid- liquid
adsorption, there are three steps: film diffusion, pore
diffusion, and adsorption. The slowest step of the
process limits the rate of adsorption. The Boyd
kinetic model is a useful tool for analyzing these
diffusion mechanisms [28]. The Boyd kinetic model
can be expressed as Egs. (13-16):

6
F= = exp(-By) (13)
_ %
F . (14)
Bt=-0.4977-1n(1-F) (15)

At any given time, the fraction of MB adsorbed
can be denoted by F in comparison to the
equilibrium point. B represents the Boyd kinetic
coefficient, while D; is the diffusion coefficient in
m?/ g. Additionally, the radius of the adsorbent
particles is represented by r. You can calculate the
effective diffusion coefficient of solute in the
adsorbent phase (D; in m?/g) by using the values of
B and the relationship described in the references
[29].

2D).
B="2 (16)

The data analyzed by Boyd Kkinetic models
showed that the D; of DWH was 6.8 x10° m%g and
the D; of CWH was 7.3 x10"* m%/g. DWH had much
better adsorption for MB than CWH. Boyd equation
was used to identify the rate- limiting step in
adsorption. Boyd plots did not pass through the
origin for both dried and CWH, indicating film
diffusion as the rate-limiting step. This process was
not controlled by pore diffusion, which is why CWH
had inferior adsorption for MB compared to DWH.

3.5 Column studies

Water hyacinth adsorbent in the column
removed MB in the mass transfer zone of the
breakthrough curves. At first, high removal was
observed, which gradually decreased until a
breakthrough was established. Breakthrough curves
were obtained by plotting effluent concentration
against service time. Treated volume was used to
calculate treated effluent volume.

V=0Qt, (17)

Where Q is the volumetric flow rate (mL/min), and
t. is the time at exhaustion (min).

The maximum column capacity (gtotq,(MQY)),
for a given concentration of feed and flow rate, is a
measure of the area under the plot of the
concentration of MB adsorbed (C,q = Cy — Cy) .
This can be expressed as C,; (mg/ L) against
affluent time t (min) and is obtained from Eq. (18)
[30]:
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Fiotal
qtotal: % ft=0 Cad dt (18)

Where qtorar, @, and C,4 are the total flow
time (min), volumetric flow rate (mL/min), and
concentration of MB adsorbed (mg/L) respectively.
Equilibrium uptake (qeq(exp)) (Mg/Q) is calculated
as:

J— q ota.
Qeq(exp) ™~ tTtl (19)

The variable m represents the total amount of
adsorbent (in grams) used in the column.
3.5.1 Effect of flow rate

The breakthrough curves for the effect of
solution flow rates on the adsorption process are
shown in Fig. 8.
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Figure 8 Breakthrough curves for MB adsorption
by DWH at different flow rates.

The experiment tested the effect of varying
flow rates on methylene blue adsorption at a fixed
100mg/L concentration. Higher flow rates led to
faster breakthrough points due to an increased
mass transfer. At 5 mL/ min, the adsorption
capacity was 127.89 mg/ g, but at 10 and 15
mL/min, it decreased to 115.61 mg/g and 72.24
mg/ g, respectively. Higher flow rates caused a
decrease in breakthrough time and adsorption
capacity. Table 3 shows the column data
parameters at different flow rates.

Table 3. Column data parameters were obtained at
different flow rates and influent concentrations.

3.5.2 Effect of inlet MB concentrations

We studied the effect of different inlet
concentrations of MB (50 mg/L, 100 mg/L, and
150 mg/L) on fixed-bed column adsorption of MB
by the water hyacinth plant at a constant flow rate
of 10mL/ min. Results showed that a lower
concentration of 50mg/ L resulted in extended
breakthrough time and a greater volume of
polluted water treated. However, a higher
concentration of 150mg/ L resulted in a shorter
breakthrough time and only a small volume of
treated wastewater. The adsorption capacity
increased as the influent concentration increased.
The adsorption capacities were 95.03 mg/g, 115.61
mg/g, and 120.39 mg/g for 50 mg/L, 100 mg/L,
and 150 mg/ L respectively, and this is in
agreement with previous studies. Results suggest
that water hyacinth is effective in removing MB
from wastewater.

Figure 9 Breakthrough curves for MB adsorption
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by DWH at different initial concentrations.

3.5.3 The breakthrough curves modeling

Various models are used to predict MB
breakthrough in fixed bed columns. The Thomas
model is one such model which can be used to
calculate the adsorption rate constant. The model
assumes that adsorption is limited by mass transfer
and does not involve axial dispersion. Thomas's
model can be described as:

S S (20)

Flow rate Influent_ Qtotat  9eq(exp)
(mL/min) concentration (n(;ga) (rTC:g /g”)
(mg/L)
5 100 639.46  127.89
10 100 578.05 115.61
15 100 361.22 72.24
10 50 475.14 95.03
10 150 601.95 120.39

Kih
Co lte [(qom'COVt)T

Where k., is the Thomas rate constant
(mL/min/mg), q, is the equilibrium adsorption
capacity (mg/g). m is the mass of the adsorbent,
Co and C; are the concentration of MB in the
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effluent and at time t (mg/L), and v is the flow rate
(mL/min).

The Yoon- Nelson model assumes that the rate
of decrease in the adsorption probability for each
adsorbate molecule depends on the probability of
adsorbate adsorption and the probability of an
adsorbate breakthrough on the adsorbent [31]. The
model can be expressed by Eq.(21)

The Yoon Nelson model can be expressed by
Eq. (21)

C 1
[SRETE (1)

Where kyy is the Yoon-Nelson rate constant
(1/min), while T is the time required to reach 50%
adsorbate breakthrough (min).

The Modified-dose-response model equation is
expressed as:
C 1

Where a and b are both the constant of the
modified-dose-response model.

The Adam’ s- Bohart model [ 32] can be
expressed by Eq. (23)

(22)

C V4
In C_:, :kABCOt_kABNO E (23)

Where k,p represents the Adam’ s- Bohart
Kinetic rate constant (L/mg/min), F is the linear
velocity calculated by dividing the flow rate by the
column section area, Z is the bed depth of the
column, and N, is the saturation concentration.

The data from both DWH and CWH matched
well with Thomas® model as well as Yoon
Nelson’s model. The correlation coefficient values
between the experimental and predicted values
using the Thomas model and the Yoon Nelson
model ranged from 0.9011 to 0.9962. It indicated
that the MB adsorption mechanism by DWH and
CWH was a Langmuir type of sorption, and
followed pseudo second order kinetics monolayer
chemical sorption [42].

4. Conclusions

Two adsorbents, DWH and CWH, were
developed to adsorb MB. DWH had smaller
porosity, but a higher adsorption capacity than
CWH. Both adsorbents showed the presence of
MB after adsorption. DWH had a pHpzc of 6.4, and

CWH had a pHpzc of 10.5. DWH is a good
alternative for removing cationic dyes due to its
high abundance and low cost. The adsorption
isotherm data resembled that of the Langmuir
model. In the Kinetic study, the adsorption
followed pseudo- second- order kinetics. In the
column study, breakthrough points were observed
to occur faster at higher flow rates. The data from
both DWH and CWH matched up well with both
Thomas and Yoon Nelson models.
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Abstract

This research used a computer program to simulate the flow, experimental design and statistical analysis to
find the right parameters and properties of polypropylene to fix the problem of the injection of molded
plastic with two cavities, when the shape is different and the time to fill a minimum of two different
indicators to the cavities. The results of the experiment; plastic polymer polypropylene grade RJ6420 is
more suitable for forming injection molded plastic pencil boxes than grade RP348S due to the flow
characteristics when observing and recording the time to fill the two cavities. And has filled different than

0.0097 seconds to molding. The real piece of work is complete.
Keywords: Melt flow index, Plastic injection molding, Taguchi

1. Introduction

The Injection molding process is a process of
molding plastic into the desired shape. It is a very
common process that produces complex plastic
parts well so that the surface of the workpiece is
smooth. It can produce large quantities of
workpieces at a time and quickly [1-7], but the
design of the mold must be suitable for the
workpiece because it affects the quality of the
completed work piece [8]. Various parameters
used in the injection process include the
temperature of the plastic melt before injection, the
crimping pressure, and the cooling time. and
appropriate injection speed, considered together
with the properties of plastics used for injection

molding, such as flow index and Young's modulus
[9-10]. Such factors affect waste in the process as
a wasted expense, so it must be calculated and
tested to find the value and optimal parameters of
each type of plastic but trial and error take time and
the cost of conducting many experiments to obtain
appropriate parameter values [11-12]

Currently, computer aided design and
computer aided engineering technologies are used
to help design and produce injection molding parts
[13-15], where manufacturers can simulate the
flow of molten plastic in the injection molding
process in a virtual computer graphics format to
analyze the flow patterns that affect waste in the
injection molding process Watchara S. [16-20]

doi: 10.14456/rmutlengj.2024.11
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uses recycled plastics such as recycled
polypropylene and polyoxymethylene, which are
industrial plastics and engineering plastics
commonly used today. The flow pattern was
studied using the flow index and modulus and also
the plastic property value to determine the
parameters for forming plastic cup products and
injecting the complete specimen with real
specimens. Yunus M. et al. [21] used an
experimental design tool (DOE) to analyze the
flow of polypropylene molten plastics to form the
fan blade back cover with two cavities to optimize
the parameters for injection molding to be
complete, but the simulation of flow by retesting
in the experimental design (DOE). If the same
parameter value is used in repeated testing, the
result of the original simulation is obtained. This
reduces testing time. Noppharit W. [22-25]
analyzed the flow pattern combined with the
Taguchi simulation design to find the optimal
parameters for injection molding of pencil boxes
with two cavities of different shapes to increase the
inlet size factor of the appropriate molten plastic.
In this study, a single grade RP348S injection
molding plastic was used. There is no comparison
of other grades of injectable polypropylene
plastics, which may affect the flow balance and
different filling times of better two cavities mold
Watchara S. [26] studied the flow properties of
four recycled polypropylene plastics that affect the
filling of a single cavity plastic injection mold.

The objective of this study was to study the
flow of polypropylene injection molds to compare
the flow characteristics, different filling times of
two cavities molds and optimal parameters of
RP348S grade and RJ6420 grade polypropylene
plastics with different flow index values and
modulus values using flow simulation and
statistical finished programs to choose the right
polypropylene plastic grade for pencil case molds
with two cavities with different shapes.

2. Research operations

Flow simulation and comparison parameters
to increase injection efficiency in two cavities
injection molds of different shapes. The properties
of polypropylene plastics of that grade must be
referenced using the flow index and modulus

values obtained from the plastic manufacturer's
data sheet, SPT brand injection molding machine
model TR80OEH?2 is used to the workpiece, use
Minitab software to make Taguchi, and use
Solidwork for simulation.

Table 1 Factors for Taguchi Design.

Melt flow Young's

Grade index modulus
(9/10min) (Mpa)

PP-H | RP348S 35 1030
PP-L | RJ6420 28 1177

2.1 Creating a molding model

Modeling of the two grades of polypropylene
plastic uses the same shape model for comparison.
By choosing a pencil box model with two cavities,
the shape is different in the simulation because
polypropylene plastic is a common plastic that is
popular in industries, consumer products, and
electronic products as well as automotive products.
The pencil box model with two cavities can
therefore be used in many products, such as the
pencil box side being used for volumetric work,
car wheel eyebrows or plastic drinking glasses.
The side of the pencil case lid is used for flat items
such as employee ID cards, coasters, etc. show in
Figure 1

Figure 1 Pencil box model.

2.2. Creating Elements Simulate Forming

The flow simulation with the finished program
requires the workpiece to be divided into several
sub-elements for the program's analytical resolution,
with both grades of polypropylene plastic using the
number of elements in the simulation at 261446
elements for comparison. shown in Figure 2
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Figure 2 Mesh model to element.

2.3. Configure parameters in the simulation

Determining the parameters in the injection
process used in the simulation including melt/
temperature, meltflow, Young's modulus, holding
time, cooling time, injection pressure and adding
the inlet size factor of the molten plastic because it
affects the flow balance of two molds of different
shapes [22-25], and determine the type of material
used to make the mold for the accuracy of the
simulated results. The type of mold used to
simulate polypropylene plastic in both grades is
20P steel.

2.4. Results of flow analysis of plastic injection
molds with basic ready-made programs

Using the Taguchi Design table in the
statistical program to determine the smallest
difference in filling time of the two cavities, the
injection parameters were determined: the melting
temperature is 160 — 240 degrees Celsius; The
mold temperature is 30 — 70 degrees Celsius, the
injection speed is 1.2 — 1.6 seconds, the entrance
size of the workpiece is 2 — 6 millimeters, and
the entrance size of the pencil case is 0.5 — 4.5
millimeters. [27-31,34-36,39-45]

2.5. Results of actual injection work from
parameters obtained from preliminary plastic
injection simulation analysis.

Determining the starting point of the inflow
of molten plastic into the injection mold is
determined in the middle of the starting point to
balance the flow of molten plastic to the gravity of
both cavities and run flow simulator to find the
appropriate parameters and defects of the process
for further analysis. [32-33,37] show in Figure 3

Figure 3 Temperature analysis of injection parts.

Figure 4 Run Program.

2.6. Flow characteristics and injection time to fill
2 grade 2 polypropylene plastic

Based on the results of the simulation of the
flow of polypropylene plastics of both grades, it is
observed from blue to red, indicating ascending
filling time. It was found that the filling characteristics
of PP-H plastic had a different filling time between
the pencil case and the pencil case lid at 0.1332
seconds. Notice the orange-red color at the tip of
the pencil case lid and a pencil case section with a
volumetric shape appearance. It is characterized by
non-simultaneous replenishment. The bottom
pencil case floor area (blue area) is full before the
top (green area), but around the corners and outer
edges. The upper (greenish-yellow area) is full
before the bottom (orange-yellow area), where the
lower corners and outer edges (circled in red as
Figure 4) are the areas that fill closest to the lid of
the pencil case, but only a small part of the
workpiece. This may cause the workpiece to be not
fully injected. There is a difference in filling time
between the pencil case and the lid of the pencil
case at 0.1235 seconds. By observing the same
color of the workpiece on both the top and bottom.
The center area of the pencil case goes almost to
the corner area and the outer edge. It has a
yellowish-green color that corresponds to the
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upper part of the pencil case lid. The corners and
outer edges of the pencil case are orange-yellow,
matching the central part to the bottom of the lid
of the pencil case (circled in red as shown in Figure
6). The flow characteristics of PP-L plastics are
balanced and have a similar filling chance of two
cavities to PP-H plastics, reducing the risk of not
filling at the same time, which is the cause of
problems in injection molding of pencil boxes with
two cavities with different shapes.

Figure 5 Flow characteristics and injection time
value of PP-H plastic filling.

Figure 6 Flow characteristics and injection time
value of PP-L plastic filling.

3. Experimental results

From the simulation results of the flow of
molten plastic in the injection process. In addition
to the results of the flow characteristics and
obtaining basic parameters for adjusting the
injection machine for that type of plastic to solve
the problem of incomplete injection in the plastic
injection mold process of two cavities with
different shapes. Using the least difference in
filling time of the two cavity molds as a
measurement index. and using statistical analysis

programs to find appropriate parameters., Uses a
right-angle array (Taguchi design) L25

3.1 The results of the analysis of the factors that
affect the least different replenishment times of the
two grades of polypropylene plastic.

The results were based on the Takushi
experimental design and statistical analysis
programs. It was found that the effect of the
parameters that resulted in the least difference in
filling time of the two cavities of PP-H plastic
plastics, namely injection speed and the entrance
size of the pencil case, had the same impact. When
the injection speed is adjusted, it decreases, and the
inlet size of the pencil case is larger. Different
filling times are reduced, with other fixed
parameters which cannot be increased or lowered
because it will result in an increase in the different
filling times of two cavities molds. Shown as the
red square frame in Figure 7 (PP-H), where the
level of the parameter that has the greatest impact
on the least different filling time of two cavities
molds, namely an injection speed of 1.2 seconds
and a pencil case inlet size of 4.5 mm, is shown as
Figure 8 (PP-H). When adjusting the melting
temperature, the plastic decreases. Different filling
times are reduced, with other fixed parameters
which cannot be increased or lowered because it
will result in an increase in the different filling
times of the two cavities molds. This is shown in
the red square frame in Figure 7 (PP-L). The level
of parameters that affect the least different filling
time of the two molds is the melting temperature
of 220 degrees Celsius, but the level of the
corresponding parameters of the two grades of
polypropylene plastic is the entrance size of the
pencil box souvenir at 4 millimeters. But if the size
of the pencil case lid is adjusted more, it will cause
the molten plastic to fill up faster, and as a result,
the pencil case will not be full. This is shown as
circled in red in Figure 7 (PP-H and PP-L).
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3.2 Actual workpiece molding results from
parameters obtained from the experimental design
Taguchi and Statistical Analysis Program of PP-L
Plastic.

From section 2.6, it was found that the flow
characteristics and injection time values of PP-L

plastics had a flow time balance and a similar
chance of filling molten plastics of two cavities to
PP-H plastics at 0.1235 seconds as shown in
Figure 6. Mold temperature 50 degrees Celsius
Injection speed 1.6 seconds, entrance size of pencil
case lid It was found that the flow of molten plastic
filled both workpieces as shown in Figure 9, and
the actual workpiece was complete. This is shown
in Figure 10., Which is obtained from the most
suitable parameter values.

Figure 9 Flow characteristics and injection time
value of PP-L plastic injection molded from
parameters obtained from the experimental
Taguchi design.

Figure 10 The actual specimen is injection molded
from parameters obtained from the experimental
design; Taguchi and Statistical Analysis Program
of PP-L Plastic.

4. Discussion

When considering flow simulation in
parameterization, it reduces trial and error time,
and adjusting the inlet size will be a way of
minimizing the cost of plastic injection mold
improvement. In addition, the use of experimental
design tools is combined with statistical programs
to find the appropriate parameter value. The
selection of grades based on the properties of
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suitable polypropylene plastics will reduce the
chance that the workpiece is not fully injected,
which affects the quality of the workpiece and
production efficiency. Results from such
experiments, unlike Yunus M. et al. [21], an
experimental design tool (DOE) was used to
analyze the flow of polypropylene molten plastics
forming the fan blade back cover. If the same
parameter value is used in repeated testing, the
result of the original simulation is obtained. This
reduces testing time. The Takushi method has a
smaller number of trials, reducing the trial time.
Noppharit W. [22-25] analyzed the flow pattern
combined with the Taguchi simulation design to
find the optimal parameters for injection molding
of pencil boxes with two cavities of different
shapes. Increase the inlet size factor of the
appropriate molten plastic. But grades are not
selected based on the properties of suitable
polypropylene plastics. and Watchara S. [26]
studied the flow properties of recycled
polypropylene plastics. It was found that the flow
index affects the filling time in the injection
molding process, but using a 1 cavity simulation
piece, it is recycled plastic that is more difficult to
control than new plastic resins with flow index
control from the manufacturer. Flow simulation
results show discrepancies in finding the best flow
balance, because the flow simulation must observe
the flow characteristics of the workpiece. The
filling characteristics of PP-H plastic with a high
flow index fill the pencil case almost completely,
which is most of the space left in the lower corner
of the pencil case, which is a small part of the space
that fills with the movement of the liquid plastic
moving to the entrance of the pencil case lid,
unlike PP-L plastic with a low flow index. The
molten plastic reaches the center area, which is
half the area of the pencil case, so the plastic
begins to move into the lid of the pencil case and
fill in the final area of the pencil case lid and the
edge of the pencil case. Due to the low flow index
of PP-L plastics, there is a greater slowdown in
the flow of molten plastics than in PP-H plastics
with a high flow index, resulting in a faster full-
capacity time near the main entrance than distant
cavities. This causes problems in the infill
injection of the injection molding of pencil box

workpieces with two cavities with different
shapes.
5. Conclusions

A comparison of PP-H plastic and PP-L
plastic with the flow simulation method,
combining the Taguchi weaving design and
analyzing the results with statistical programming.
It was found that the comparison of the flow
simulation results of PP-L plastics had a more
balanced flow characteristic due to the color of the
filling time of the two cavities that were similar
and the difference in filling time was less than
0.0097 seconds, and the two plastics had different
flow indexes, with PP-H plastic having a flow
index of 35 g/10 min and PP-L plastic having a
flow index of 28 g/10 min; parameters that affect
them differently. The properties of polypropylene
plastic in each grade are suitable for forming
workpieces in different plastic mold injection
processes. Therefore, before molding with the
plastic mold injection process, the flow should be
simulated to select the grade of plastic and use
statistical programs to analyze the results to find
the appropriate parameters to adjust the injection
machine for that workpiece.
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viemsidenmnzdgniidlimngautuiuuinudy ladlfidusesinrnnudunsadaanduresiamsemmndnly
fu nefimsaeuifivuanuusiugwesdueeifindridesiu nailldannisingndslugiuesalalaseulnsamosifie
ATI2YA1 pH waz NPK Imsngaudunsugniiviasegialulsewmalng 41w 5 viia laud 417 Sudends dey
g9 worUduntu nsldgemirenfisuenuidunsamsuasganmaunud NeK grlddmiunisaeuiiiouidoiu
dwsuduwesina pH way NPK auanau nansaeuTisuL asdu nudAALRanaInedsannsdeuiisuay
\unsasnafidwintu 9.48% dwsunisasuifisuansemsndnluiuiidnadevedlulasiau (N) Wealesa (P) uas
TnumaiBon () Wiy 1624 66 uax 61 fadnduseRlansu muddy Feandandneglurisvesmmireniisuauniu
nIARnaLazYARTIaLAUE NPK Tagen pH uaz NPK Aldainnisasiainasgmirllilunsinsgimnumnzauvesiu
lumawzUgnitmasugiars 5 ¥in fazuanmalinuasnsgifanunsamiosiulfimnzaudoumsugn wienaden
wnzdgnitelimngautuAuuinaiulfesazain duu indesinneiriamniunsadauazarsomslufudls

WianedulstsivaussausliiunsmszUgnueanunsnsing

Adfy finasegia mnudunsasislufiu asensmanlufiu tnunsns

Abstract
This paper focuses on developing a soil pH and nutrient analyzer prototype designed to aid in the selection of
economically viable crops in Thailand. The analysis includes assessing soil pH and the primary nutrients (NPK)

to evaluate the soil quality for the cultivation of economically important crops in Thailand. These economic
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crops consist of rice, cassava, sugarcane, rubber, and palm oil. This analyzer aims to provide farmers with tools
that enhance efficiency in cultivation, specifically in soil preparation before planting or selecting crops that are
suitable for the specific soil conditions in the area. The soil pH and NPK sensors that have undergone preliminary
accuracy calibration are utilized for soil quality assessment. The measured results of sensors are sent to a
microcontroller for analysis of soil pH and NPK values to determine their suitability for cultivating economically
important crops in Thailand, including rice, cassava, sugarcane, rubber, and palm oil. A pH buffer solution and
NPK colorimetric test strips are used for preliminary calibration of the sensors measuring pH and NPK,
respectively. The preliminary calibration results indicated that the average error for pH calibration was 9.48%.
For the calibration of soil NPK, the average values for nitrogen (N), phosphorus (P), and potassium (K) were 162.4
me/keg, 66 me/kg, and 60.6 me/kg, respectively. These values were within the range of the pH buffer solution kit
and the NPK colorimetric test strip. The soil pH and NPK values obtained from the measurements were analyzed
the suitability of the soil for cultivating the five economically important crops. Consequently, farmers can
conveniently prepare the soil before planting or select suitable crops for specific soil conditions using the
proposed soil pH and nutrient analyzer. This analyzer tool enhances the efficiency of Thai farmers in cultivation.

Keywords: Economic Crops, Soil pH analyser, Soil NPK analyser.
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Usnaldaudu lngazawnsavinsiiuismandnlaludn

4 LHRUT9NLN

U) N3N 3

n) NM53n3A7 2

JUM 13 ymiveuansnsina pH wag NPK Tulsdudends
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A15799 6 Han1snaaaunteann1sIntulsiudUenas

N P K
00 pH
(mg/ke) (mg/kg) (mg/ke)

1 52 | OK | 21 OK | 19 | Low | 2.0 | Low

58 | OK | 23 | OK | 21 | Low | 8.9 | High

46 | OK 19 | OK | 17 | Low | 9.7 | High

47 | OK 19 | OK | 17 | Low | 6.9 | High

70 | OK | 28 | OK | 26 | Low | 25 | Low

70 | OK | 28 | OK | 26 | Low | 4.9 | Low

99 | OK | 40 | OK | 37 | OK 11 | High

n) N15IAYA7N 2 ) NMTINAN 3

JUN 15 vthasuanian1sindn pH uaz NPK Tulsdes

AN599 7 Han1snadaunteainn1sintulsdee

60 | OK | 24 | OK | 22 | Low | 9.6 | High

O[N] P~V DN

81 | OK | 33 | OK | 30 | Low | 45 | Low

10 64 | OK | 26 | OK | 24 | Low | 65 | OK

Anade | 65 | OK | 26 | OK | 24 | Low | 6.7 | High

NAITNA 6 HANITNAROUIINLATOIATIEIAT pH
waz NPK 9111350153939 10 90 Tulsdudends wuin
lagiade N uag P dAnunzay @9 P 61 wazsiull

anulusaiuludmiunisugniudiuenda

3.3) n1sv9assuasaanIsnnaadlulssae

UAT9971A1 A1 pH wag NPK U99d uly

=

naaeuflides ny 2 druanussvin giasviuds

'
a

Janinvays lnganuiveaesaselsdes wanadegy

14

U7 14 anuivaassadlulsdos
1n3UR 14 dudesiiniugeUszuna 150-170
cm fe1gUseuin 3 Woun1sasgLAvlnvesiudoy
lugasszorinandifonda “szrunnne” 910019
aounuyaluiiuildliteyaifinfudnlélinngld
Joadausnliidle 3 WWeudou ludiumirasuaninis
Toaransemislufunazaianudunsasialulsdee

#11150UARIRIFUN 15

o N P K
A0 pH
' (mg/ke) (mg/ke) (mg/ke)
1 4 |Llow | 1 |[Low | 1 | Low | 6.2 OK
2 2 |Llow | 1 |[Low | 1 | Low [ 9.7 | High
3 3 |Low| O [Low | 1 | Low | 6.4 OK
4 12 | Low | 4 | Low | 4 | Low | 6.4 OK
5 7 | Low | 3 | Low | 2 Low | 0.1 Low
6 19 | Low | 8 |Low | 7 | Low | 6.0 OK
7 10 | Low | 4 | Low | 3 | Low | 9.6 | High
8 15| Low | 6 |Low | 5 | Low | 1.2 | Low
9 14 | Low | 6 | Low | 5 | Low | 37 | Low
10 14 1 Low | 5 | Low | 5 | Low | 1.6 | Low
Auade | 10 | Low | 4 | Low | 3 | Low | 51 | Low

9NANT19T 7 NANIINARBUINNLAT B4TLATIEYIAN
anudunsanawaraseIms 9nn1snsIaln 10 gatuls
o8 wui Tngiadedn NPK Sdvwi1 wagduiiaidunse
Auludmiunmsugndes

3.4) MINAADUALHAN1TNAADI U 1NN
UAT9931ATI8AN pH kaz NPK lunaaeufiaiu

819151 vy 1 dualnen nenueding Jaminvays
Tnganuiiveassadluaiueicnns uansisgudl 16 uas
ninvsuaninsinAasemsluiuuazainuilungg
sirsluanueanne uansiagui 17

JUN 16 anuivnnaednseluaiug1em
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91n3UN 16 AugewIsIdamEssEIN 300-350
cm fionguszana 7 U Wvesauldlideyaiindiadndu
v ¢ a & ve 2w eay v a & vy <,
Wugeamandniiloldas iWunugnlvinandailoligudu
nan An1sasgLAulafAuLIn

N=13

Low
Rice Low

Cassava Low Low Low

JUN 18 anuinaaeatiluaiuaudiiy

Suaar cane Low \Sugar cane Low Low
\

Raer Low 0K n3UR 18 dudrauuniuiaugeUseaa 200-300

Palm oil Low

Rukber: oK

Palm oil

cm flenguszana 10 U iWvesmuldlidayaiiiuiiugi

fialavinnsldde N Tudle 1 weuneu

n) N19INAN 2 ¥) NTINYAN 3 \=2t p=8 K=8 PH=7. SWee el
JUN 17 vthaeuanin1sinen pH uag NPK Tuaiu - K Low Low Hish flo; oK ow  Hish
19NIS |Cassava Low OK Low Low OK Low Hiash
a:' av v Iy e Lou ow Low Low Hiah
A157991 8 HANISNAABUNLEAIINNITIAMIAIUYIINIS = 3 E -
,m 0K 114 ol High
v N P K ‘ i {Palm oil ;
'ﬂ‘ﬂ’m pH Palm 0il 0K | alm o K Hiah
(mg/kg) (mg/kg) (mg/kg) '
1 13 OK | 5 Low | 6 Low | 55 OK o ¥4 v 4
1) NFIAASIN 2 9) NM5INASIA 3
2 13 |oK| 5 | Ltow| 7 | Low| 55 | ok
3 13 |OK| 5 |Low| 5 |Low| 55 | oK y . o Loy
JUM 19 wtiReuansnsinen pH wag NPK Tuenuihduningiu
4 16 |oK| 6 | Low| 5 | Low| 54 | oK
5 17 |ok| 7 |Ltow| 5 |Low| 54 | oK . . . v
A15799 9 HANSNAABUN bPaNNT IR tuaIuUNaNNs]
6 15 OK | 8 Low | 8 Low | 54 oK
N P K
7 16 |OK| 7 [Ltow]| 9 |Low]| 53 | oK anln oH
' k k
8 18 |ok| 8 [Ltow| 7 |Low | 53 | oK (mg/kg) | (me/kg) | (mg/kg)
1 21 ok | 8 |L L 77 | High
9 19 |ok| 6 [Low| 5 | Low | 53 | oK ow ow 'S
21 | oK L L 77 | High
10 | 17 |ok| 7 |tow]| 5 |Low| 53 | oK OK| 8 | tow ow 'S
— 21 ok | 8 |L L 77 | High
dnade | 16 | ok | 6 |Low | 6 | Low | 54 | oK ow ow 8

24 | OK | 10 | Low Low | 8.0 High

25 | OK Low Low | 8.0 High

NAITNT 8 NANITNAFDUAINLATONILATIZIAT pH

22 | OK Low Low | 8.0 High

ez NPK 9100190157977 10 90 Iumumdwwm WU ;
E Low | 8.0 High

Taetadga N JAlnunyas Ul P wazan K 3191 way

24 | OK Low Low | 8.1 High

O |0 N | O[] B~ WVW[DN

7
8

23 | OK | 7 | Low
8
6

Aufinnudunsamanungandmnsunisignenanis 21 | OK Low Low | 81 | High

10 21 | OK | 7 | Low Low | 8.1 High

~N|o|lL»| N O[] O|0|O| O] 0

Low | 79 High

4.5) N15NNADIASHANITNAABN LAWY 1A 1T PuaRY | 22 | OK| 8 | Low

1A% 99718 AITIATIZ AN pH LAz NPK 14U

neasuf atuUrs ULy ‘Viiql: 1 #1UALYA BILADNUD INAITNN 9 HANITNAFDUINNLATIDIILATITNAT pH

Tng) Swiavaysinsanuiinanesidlumutndniu 4o NPK9NNsmsaata 10 galumutdiuniniu wuh

lngtadeA1 N IAvsngau duan P uave K deen way
Aufianuluansdmsunisugnirduiingu
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5. #3UNan15Id8
unaudlgvayenisesnuuuLasad iy Uy
\W3e3¥AA1 pH waz NPK LﬁamiLﬁaﬂﬂgﬂﬁmmwgﬁwaa
UsewiAlng Feusznausie 410 Sudends doa e1amne
wazlrduningiu lnevhnsaeudieudueesnsiataa pH
waz NPK 1T oedy 1l ad el nsaaTalali fuvesn
lulasmoulnsiass Arduino Uno R3 @1%5un1sitAsieu
ANUMNNANYRIAT pH kar NPK Tufudmsunisugnity
mwgﬁa]ﬁ"’a 5 %flp 9Intu vnsuanaRwAT e LCD
wielinwasnsgldauausadlaazazmnlunsldonu
Imaﬁwmsmaau’luﬁuﬁﬁwmmsﬂqnﬁﬁumswgﬁﬂﬁa 5
il FamanIsadeunansliiiuin 1n3osdunuudvmiu
MRTIien pH waz NPK lufiu Slfdiui Tuundniie
N fimanean @aurn P fuen K Saen waziudanady

1+

nsafuludmiunsgnia Fatiu inwnansnasladeivh
TWAP wazen K lufufiusnndusazyduanuliaay
Junsnaradlimnzausonisugndm daulsdudiends
A7 N wasAn P Aununzay dauan K da16n waziud
anuduaafulydmsunisugniiudiuznds ety
inwasnamsladeiilien K ifinantusasysuaaulian
anudustsanadliinunzausonisugniudiuzmas
dmsulssaaian NPK 61 wazdudarudunsaiuly
dufumsUgndes deu inwasnsmsatedivilsian NPk
Wannd unazduaAuliaranudunsnanasiaos
winnzauson1sUgne ey lunsalaiugranisidan N 9
winzaL dauan P uazan K e wasiudanudunse
Aamnzand mIunITUgne1anie Fatuinensnsasld
ﬂaﬁiﬁﬂ"l P uay A1 K Lﬁmu’]ﬂ%u%ﬁﬁ]%LMM’]SE{MGiE]ﬂ’IiUQﬂ
g9 wazgavieidunsdamunduditu Sa1 N4

Wilngay @Al P wazAn K 3191 wazfudianudusig

dwsunsUagninauindiu deiu inwasnsaslddelipien

P uwazAn K iinunndusazusuamulirinnudusisanas

v
§ o

Fnzmuzauden sUgnUIduuniu MNHaNInde U Y
wiswghans 5 ¥ia aansadudulddn wIesduuuudmiy
M3IATIEA1 pH uay NPK ludiuaunsalvideyadn pH
uay NPK sainuasns viliinunsnsanunsaifisvioanen

pH wag NPK Timngausonsiasgiivlavesiia 10uns

=

inaussaugn1swizan dnvissansuyulunisldde

Aumnudluroaudosesiivasugia

6. naRNITUUITZNA
sﬁﬁ'maéﬂauqmmﬂ%ﬁmmmLf-ﬁ"aqﬁai“mt,az

Sldnnsednd Augimnssumans uninendenalulad

WIZIDUNEMTTUASIAT® dauiinnans waryAAay

SngANNaEINuNTIdeluas sl

7. NA1591984

[1] Sukanya S, Auraporn B, Chuanpit J, Napaporn K,
Prathip D. The Study of Paddy Soil Quality in Tha
Tum District, Surin Province for Appropriately
Fertilizers Use. Koch Cha Sarn J Sci. 2014;36(1):42-49.

[2]  Agricultural Production Factors Research Group,
Department of Agriculture. Fertilizer use based on
soil analysis values in cassava production. Nakhon
Sawan Field Crops Res Cent Newsl. 2018.

[3] Yongyuth O. Nutrients and growth of sugarcane. Soil
Fertil J. 2013;35(1-4):65-77.

[4] Pornpat S. The use of rubber fertilizers according to
soil analysis. Rubber Production Research and
Development Division, Rubber Research Institute,
Rubber Authority of Thailand. 2021.

[5] Surat Thani Qil Palm Research Center. Fertilizer use
based on soil and leaf analysis in oil palm
production. Agricultural Research and Development
Office Region 7, Department of Agriculture, Ministry
of Agriculture and Cooperatives. 2005.

[6] Insorn P, Pajdee W, Nakorn B. A study of soil quality
at using organic fertilizer and chemical fertilizer in
planting. North Eastern Sci Technol Conf. 2014.

[7] Rigor G, Regalado C, Cruz D. Soil pH and Nutrient
(Nitrogen, Phosphorus and Potassium) Analyzer
using Calorimetry. 2016 IEEE Region 10 Conference
(TENCON) -
Conference. 2016; 21(1): 2387-2391.

Proceeding of the International

i 9 atuil 2 nsngIAx - SuarAu 2567



RMUTL. Eng. J é

158153AINTIUAIENS UN1INg1aenAlulads1vuIAaa 1UYT

(8]

Masrie M, Rosman MSA, Sam R, Janin Z. Detection
of Nitrogen Phosphorus and Potassium  (NPK)
nutrients of soil using optical transducer. Proc 4th
IEEE Int Conf Smart Instrum Meas Appl (ICSIMA).
2017 Nov 28-30; Putrajaya, Malaysia.

Siripong C. Basic use of Arduino. Department of
Electrical Engineering, Faculty of Engineering,
Srinakharinwirot ~ University, Ongkharak campus.
2019.

Panomsak M. SUT-E-Bike Solar Powered Electric
Bicycle Station. Department of Physics, Faculty of
Science, Suranaree University of Technology. 2020.
Chaithep R, Worawit S, Siwaporn S. Development of
an automatic battery charger controlled by an
Arduino board. The 4th National Academic
Conference and Exhibition on Engineering and
Technology Innovation Development towards
Sufficiency Leadership for Sustainability Based on
the Sufficiency Economy Philosophy (SEITS2022).
2022 Nov 5-6; Faculty of Engineering, Kasembundit
University, Bangkok. 2022. p.42-46.

Susanne M, Axel B. After-effects of TFT-LCD display
polarity and display colour on the detection of low-
contrast objects. Ergconomics. 2010; 53(7): 914-925.
Rogovska N, Laird DA, Chiou CP, Bond L.
Development of field mobile soil nitrate sensor
technology to facilitate precision fertilizer
management. Precis Agric. 2019;20(1):40-55.
Kittisak O, Phonbunyanon T. Monitoring and
control of smart fish farming system.
[dissertation].  Department of  Electrical
Engineering, Faculty of Engineering, Prince of

Songkla University. 2021.

[15] Kriangsak P, Nutthanon L. Sensor system for
measuring electricity usage in the Faculty of
Information Science. 2020.

[16] Marianah M, Mohamad S, Aizuddin R. Detection of
Nitrogen, Phosphorus, and Potassium (NPK) nutrients
of soil using Optical Transducer. Proc 4th IEEE Int
Conf Smart Instrum Meas Appl (ICSIMA). 2017 Nov
28-30; Putrajaya, Malaysia.

[17] Gavade LC. Detection of N, P, using Fiber Optic
Sensor and PIC Controller. Int J Eng Sci. 2017,
13787.

[18] Filipe MS, Pedro ASJ, Rui CM. Optical Sensing of
Nitrogen,  Phosphorus and  Potassium: A
Spectrophotometrical  Approach toward  Smart
Nutrient Deployment. Chemosensors. 2019; 7(51).

[19] Jiangang S, Weiming Q, Huizhe C, Jun Z, Fei L.
Application of Visible/Near Infrared Spectrometers
to Quickly Detect the Nitrogen, Phosphorus, and
Potassium Content of Chemical Fertilizers. Appl Sci.
2021; 11(5103).

[20] Wang L, Wang R, Lu C, Wang J, Huang W, Jian Q, Wang
Y, Lin L, Song L. Quantitative analysis of total
nitrogen content in monoammonium phosphate
fertilizer using visible-near infrared spectroscopy and
least squares support vector machine. J Appl
Spectrosc. 2019; 86: 465-469.

[21] Sun XL. Errors induced by spectral measurement
positions and instrument noise in soil organic carbon
prediction using vis-NIR on intact soil. Geoderma.

2021; 382: 114731.

Uil 9 aluil 2 nangiau - suaIAY 2567 n






RMUTL. Eng. J
158159AINTIUAIENS U1Ing1agnaluladsivuenaaiuy

ANSEN UATUNWSDUNISIT ITULAS BITNTVDINTLUIUNITNTIIUI TUNTZUIUNISHAR
y e o % v £

WUseUn : NSAANELSIUNANUIUAIEIER

The increasing Machine Availability of the Water Filtration Process in the Water
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wutlmidsaanmihiu andgumindugnar didesnmuaim uaramiiegasu Vililsanusdetildsusanseny
mﬂﬂﬁgvmﬂmmwﬁﬁﬂﬂmmmmamﬁ’]Lﬁuﬂizﬁw“ﬁmwmuﬁlﬁmaLLNul*E Tneillssomundmiamatanildnutymanu
Aanminay faduisdanudududesinviaissnmeeinsruiumardnivszu uatagiunudgmanudems
youpoadnagetu vilianuniesldanmeanssuaumendnih Ussihanas Ssemiddell Wunmitaueniafiunnunden
nslFauesosdnsvesnszurumansasinlunssuiunsdnaiivszun e Ransangduvunmsinnuidagssuy
yoanszvILNEnIeni temaumuesmudemeveneiosinsuazaruduiusenuidsmevenaiosinatuaay
geusdelng 6 Usenis diausaunislunismaianunsenldnu wazuuiniaisnisusulss kans@nel wudn
anundoaldnuiadosdnsveanszuiuniansonin Msdu 0.30% 1.29% 1.97% uax 4.95% wazrdmsnanth Whudu
9,401.55 gnuienunssiedu 12,675.18 gnuiAnunsiedu  15,041.94 gnuiefiunssio i uag 23,290.99 anuieiluns

o

279U
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Do

1dfy Awgaydelva) 6 Usenms NsEUiunsEnll nsEuiun1snIesi

Abstract
The network of water production to supply Bangkok, Nonthaburi, and Samutprakarn; with 6,300,000 cubic

meters per day; found raw water quality problems from saltwater encroachment, poor-quality water, and
clogged algae. problems affected the water plants cannot produce water with total planned. The Mahasawat
water treatment plant has no problems with raw water quality—that is necessary to maintain the stability of the
water supply process. Recently, there is a growing issue of machinery damage that diminishes capacity of the
water production process. This research demonstrated the improvement-of machinery availability for water
filtration in the water production process. This research was investigated the cause of machine damage, the

relationship between machine damage and the six big losses in each system of the water filtration and
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determined; the equation for the capacity and improved approach. The results showed that the machinery

capacity of the water filtration process increased by 0.30%, 1.29%, 1.97%, and 4.95%, and the water production

capacity increased by 9,401.55 cubic meters/day, 12,675.18 cubic meters/day, 15,041.94 cubic meters/day, and

23,290.99 cubic meters/day.

Keywords: Six Big Losses, The Water Production Process, Water filtration process

1. uni

nsudadussdui eldgUlna muunu1Uszd
Uaonne (Water Safety Plans : WSP) A3l U199
p39AN15aUNElan (World Health Organization : WHO)
wazid 1MU188n1SH AU 6 46 U (Sustainable
Development Goals : SDGs) Whvaned 6 vean1susms
f-ﬁ’mms‘ugwasmmLLazqmamﬁaaﬂNsﬁﬁu [1-(2] luituil
NTWNNUMIUAT UUNYT wazaynsusINig laelaseie
AFansHantinUsEU1s 6,300,000 gnuIAfLunsHoTu
Wiosesulimnamsidissdwesznnsnin 12 &
au [3] Insewrevesnsrdmiusstmnlssusdaiien
4 uihe Ao 1lssudmiuiaan 2 Tssonum@ntinany
v 31sanusdminsuyd Suiavanuiddmszen
andsruaaslszUiszern1e 37 Alawns wag 4.
Tssnundntiumatan Suihavanideuinass dudes
N1uAaeIUTEUNSEEENe 107 Alauns ﬁdLLamﬂugﬂﬁ 1
Hagtunudgmidsnunmvesirduanusdidnssen
[3]-5] mﬂ{]zymﬁ'uﬁu;ﬂgﬂ ﬁwﬁaaﬂmmw WaraIean
Furesonsesgs dmansenuserdinisdntnssues
Tssndaiunaey Tsanundntanuieu Tssnundni
suyd Tansondnthussunildidusyavsamenuiils
aunuly mfﬁjzymﬂmmwffwﬁuaﬁ’wLﬂué’aaawé’aﬁwé’qms
raminszlanlssnunaniumatan Wulsenusan
hussuilildsunanssmuantagmidsunmoninay
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wielrnsnaminssuildiisanes odSunanirsedni
Foens s Tsenurdniumesan JsflanudAny wa
sududesshviaiosamuasnszuiumsnamizssuiusly
Hagiu ssnumdeinumatan deifdanmasdniised
geaniuaz 1,680,000 gnunArmssaiy wullymieady
isnmussnssrIumsKantUsrddessnanudene

voupFoedinsgau [6]  viianundenlday

nTuUFAuilansTuson
waidndnszen

AnnnlszinilanzTunan

Taaaudminunacou

RTUUNFAUEms Tunn

= .
LD UL NS

AaslszUnEans Tumn
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Tsarumdeunsuys

JUN 1 undnhfuvedlassigmaniseaninused

1A3998NSVRINTEUIUNSHARLNanAS “’?J;ﬂunﬂ 9 1% V99
AundouldNuLASD NS IRINSTUILNSNERLTianas ¥in
TiAnAugadevesidinisudn 16,800 gnuIAfiuns
visoyaA1ANgady 201,600 UM Tnelssaunantiam
avan wupnudemoidsssnsvesads lunsyuaums
nso9tn ¥R UNSEUIUNSABYINYDINTEUIUNISHAR
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MAded Wunstauenisiiiuanundeunisldau
1A 09dnsURINSTUIUAITNTBIUTUNTEUIUNASHER
sz lagia151FULUUNITYINNULARE SEUUTDY
N55UIUNISNTENN Lﬁammmmmmwmﬁamwm
S asdnsuazauduTUS AL EsBveLATaITS U
Augadelvg 6 Usenns (Six Big Losses) Ulaue
aun1slunismiatanunsenlady LaghuIn1eisnig

USuuse

2. ngufuazisnisaniiuniive

2.1 anuwsaulsand (Availability : A)
aundeulda Wunddundnnisvesnisinen

UszAnsnalaesauvedaseadng (Overall Equipment

Effectiveness : OEE) nann1stunisinanunsauladiny

YOUATONNT WNERIiUNIAITUATEIL  LazAEY
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(2

WaAse9ans [7] @unsasiuiauanunsauldau fa

wansluaunisi (1)
A= Uttmlt (1)
it

Weo A As Anundeuldeu
t Ao 1A13UNITIU(Loading Time)
to A0 L3A18LUA1Y09LAT 839NT (Machine

Losses Time)

AMUNTDNNTTIEU TAMUFUNUSAUA YT 3 @7
wdsTuidanan [8] e 1.11a1t08 858931901548 89e
(Mean Time Between Failure : MTBF) 1 ut1aiade
SENTNNITE LM T09LAS 09TNTULAAZITOUVINS
191U 2.19808 anaun1sdenie (Mean Time To
Failure : MTTF) 1wnanad slunisifiueg esdnsn
wif1f wdaainnsgentigs aufafanndonisues
w3nsdnsseuln lunsasseuvesnsvineu uag 3.187
\ad elunisgen (Mean Time To Repair : MTTR) 1y
nanadglunisdenths ieladesdnsanunsanduan
Tenuldmaminisaiy Tuwdazseuvesnisieu A
ANUFUNUS MTBF MTTF wag MTTR é’QLLamﬂugUﬁ 2

MTBF, MTBF, MTBF,

Pl a
l «

MTTR, | MTTF, | MTTR,

hl Ll Il L

v
F N
v

v

W, | | MR

<

h 4
F N

B
>

. P . iy : 4 v 3
ASaeaN 1ARng IRTNANT RTINS 1A3NANT 1RSI

ey i Gy | (auing Howe | ey

JUN 2 AdNUS MTBF MTTF wag MTTR [8]
2.2 anunsoulsanivesszuy (System Availability : Ay)
anunseuldruvesszuu Wunisiarsanaiy
wioulduresssuy Tnesvuuiivszneufudenans o
sruuidunisdefuuuueynsy nasmvesnrmmionld
UYBITLUVANNITOATUIUINKNAANUYDINA & TEUY
[91-{10] aunsavaunTesldnuvesssuvsunsy A

wansluaun1sn (2)

AT A, (2

We Ay An AunSauldusIYemnIEuY

A, fe Anundeuldauvesusazssuu

S e dyanwaliuusvesszuy
= o v 6 o =
X f9 dyanualiiuysann 1 fan
N feo dyanvalfinUsvesdnuIussuuNamun

i

2.3 pnmgadglng 6 Usenis

Adfanugadelvg 6 Usenis [6] At uly
1590UgRa NIy Ao 1.M3gedsnaIanAde ey
1841A3043n3 (Failure/Breakdown Losses) 2.m§§iiyl,§8
naRaAT MIonsUSULeS (Set-up/Adjustment Time
Losses) 3mingl,§ial,amﬁhjﬁwm wazgayLdeamen
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Abstract
This paper investigated the influence of fineness modulus on dry weight, compressive strength and flexural

strength of lightweight geopolymer reinforced polypropylene fibers. Geopolymer fly ash was used as a
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cementitious material. The fineness modulus of sand was determined at 1.6, 1.45, and 1.3, polypropylene
fibers contents of 0, 0.5, 1, 1.5, 2, 2.5, and 3% by weight of fly ash, air foam contents (AF) of 0, 1, and 2% by
weight of binder, fly ash to sand ratio was 1, the alkaline solution to binder ratio was 0.55, and the sodium
silicate (Na,SiO;) to sodium hydroxide solution (NaOH) was 50:50. The results showed that the dry weight
decreased with increasing polypropylene fiber contents and air foam contents. The lowest dry weight was
found at a fineness modulus of 1.6, a polypropylene fiber content of 3% by weight of fly ash, and an air foam
content of 2% by weight of binder. The maximum compressive strength and flexural strength were found at a
fineness modulus of 1.45. The flexural strength increased by the enhancement of polypropylene fiber content
due to fiber-controlling cracks and reduced crack width. The flexural strength decreased by increasing the
polypropylene fiber contents up to 3% by weight of fly ash because the excess fibers induced the friction in
sample. The dry weight and compressive strength of lightweight geopolymer reinforced polypropylene fibers
was by the Thai Industrial Standards (TIS 2601-2013). The dry weight was between 701-1,600 kg/m3 and the
compressive strength was more than 5.0 MPa (51.0 kg/cm?).

Keywords: Lightweight Geopolymer, Fineness Modulus, Fly Ash, Polypropylene Fibers
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Fruna 2 SEUU e 1 MW nudnssuufnauaisenfindazanunsandandsauliin 1,758.78 wnzinddalussiod A
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ANENATY LHITARLANENTINGUUUABIINY STUURRAUANDITIAY dUTTOUE ANUANAINNAIULATYAIENS
Abstract

This research assessed the performance and economic viability of a bifacial solar tracking system for a 430 Wp
solar panel. The system was designed and tested using an iterative process to adjust the panel tilt angle based

on specified conditions. The performance evaluation of the solar tracking system for the bifacial solar panel
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revealed a 2.31% error in the designed and installed systems. The tracked system achieved a maximum power

output of 364.20 W with a power generation efficiency of 13.01%, compared to the non-tracked system that

produced a maximum power of 360.42 W with an efficiency of 12.05%. The capacity of electric generation from

the 1 MW two-side solar cell system was determined the established equations. From the result, the solar

tracking system produced 1,758.78 MWh/year, higher than the without-tracking system with 1,579.41 MWh/year.

In terms of economic viability, the solar tracking system provided a payback period of 7.01 years, longer than

the without-tracking system with a payback period of 6.38 years. The net present values were 11,910,512.54

Baht and 14,692,713.81 Baht for the tracking and without-tracking systems, respectively, with internal rates of

return of 10.80% and 12.80%, respectively.

Keywords: Bifacial Solar Panel, Solar Tracking System, Performance, Economic

1. uniin
YagUumalulagdnsuanunusadwaio1nng
(Photovoltaic, PV) §n15WRILILAZAINUININ F9WE
Tdunumsnanuneaduasenfindgnasetisdeiilos
TuedauastUagUudidoundalni1annunaigad
WA i ng LUUR1ULA 87 (Mono-facial, mPV) i
UszdnNSAIN 10% - 20% l9nann1ssuLaseing
Tneasaiiuiied wadagdulanmuimalulagniswie
LHalgaaLasa1nag it Usedns aan lnenasley
wialulad Passivated Emitter Rear Contact (PERC)
gNUINIHAAlUAaLYAd LAY N AT LUUARIA Y
(Bifacial, bPV) 7 iUSzdnSaan 18% — 21% 14
nann1ssuLaslnensIlazn1sdasiounay [1] 4
ANSANYILUILLUATTH LRI G AA LEID 1T AT WU UED
fuladnasnisuannasauned (AEY) WuIweagas
waseinduuvaosdundandsnulaiiugy 30%
Wisuilsuiuunagaduaseiindsnuisafivundild
NNNALA [2] un Uad8UN908 19 IHANTLNUR B

USLANTNINUDILNUYARLAIBINATLUUFDIN1Y LYY

v
g a

Snnsazfieunaswasiiuia (Albedo) ANENNURY
waryaBes umInerdenese (aw3nn) dn13fnw
JaduiifinareUssansnmvesunswaduasenfing a
Vuaghyn 30°N (Weslals Useinadduduasiiios
\Wosld Uszinaiu) Taglddoyain NASA Tnotade

22 U wudidaiule 0.5 s2AUANGY 1 LUAT kazy

WBee 15° TuszanSamuiniige [3] deuniinisdnw

UsANT ANV UNLTAAUEIBN AR A uLR eI T8 UAU
aod1u w Aaaudedlnlen Ineldlusunsy MATLAB
wm’muﬁmﬁwammmaa‘ummﬁm‘uwaaqé’m
LU AARITEEERITENINUNST 0.7 RS (il oan
nstAneusnaldung Wesanunagadwasefing
wuvassduaunsafunasldvasuntuas Srunds

v
a o

n15fnfeAidandoulnTaduasofind duienas
Wausalaunsusuiuuin [4] §eiinnsuseidu
AUTTOULKALAIIUAUAIMIIATULATYFAIAASVDINTS
AARILH YRS LEID NS UUUABIR I UUUNEIAD1ANS
gudAwinigauniensenisd 9 uming1dously
Tagynisnaaeuiii uitneundnduna Aaugeves
WHIDINTIUSEAU 0.5 AT 1 1WAS Way 1.5 A5 uag
USuyy 15° 18° wag 21° NudiAugeung 1.5 1ns
ward e 15° wnsanusandnluilagean 9
UsgAnsamnisudnldin 21.82% wazaiu1sanan
T le 130,476.36 wngSnsdalusned daadevos
AUTTOULVDITEUU 1.15 syesiiarAunu 3.95 U 4
yaA1Uagduans (NPV) 1,601,144.48 U Uagdnsn
naneuLnunelulasanis (IRR) ogfl 16.26% (5]
FIUTTUUAAAINAIIDITAE VDIUHILTAE
WaI0 1 e WUUADIR 1T N15AnEIAINaT S0 e
UszAnsnimnisudaliin nudlunsduuvaufiods
Al wnawaduaserfinduuvuaosduaiunsandalniia
Wududszana 10% [6] waznuinlunsdlfifnmeszuy

AAMIUAIDINAE LHULYARLAIDINALLUUFDIA 11U

U 9 aviuil 2 nsngrax - SuarAy 2567



RMUTL. Eng. J

158153AINTIUAIENS UN1INg1aenAlulads1vuIAaa 1UYT

T A LT uUsEuI 15% L 9991NN1SAAR 9SEUY

1%
[

AAN1UA91ANE VN LA LKLY Aa AR ARgAIRINAY
a & A o v a a a
A9 RgINaUAaaALIaN VNl UsEANS A nnITHER

A0 9UNIYAA AR AL UUABIATUZINT NS

v

VAR LAIDIN A LUUAIULA Y [7] §98n15F nwn

'
¢ aa

USLANT NNV NI AR WAIBIT AL A ANG 5LV

Aannunaso1indaaswnuUSeuisuiuldfnfassuu

AAN1UA99199E NUINUSEENTAIMANTY 40.92%

v
@ a

YULNAANITTUUAAAINADILAULUS sUBUA VLAY

v
I~

WeANTy 4.07% Tneszuufinniunaisnfing wuy
WAULA BT ANUAUAIA 1UNITUITIT NYILAY
Uszandamniswdnluiuinnindeseudisuiu
WUUAST wazuUUaBILnY [8],09] wazdin15@nen
USEANE ATNVDILHILTAE A0 RS LUUFD IR 1UT
Aasenazlifndssruuinmuuaseriing Tnovinnig
negauneldan1iziieIfuaounIndgvId ANEIRIN
seduRuAa 1 was wasyuBesiald 18° nuan
AN 10 aUHIT AR 95T UUAARINAL9D RE
Wty 22.22% wdseulai i udy 19.09% wa
Useansanmiinay 11.89% [10]
ludszinalnedinisanwinaznistdssuuinniy
A1ND1NNIF NS ULHUTAAUEID NG LU UEDIA U S

£% [

ﬁfaammaLﬁmmﬂ%wamuammusLLazmmﬂmm

Y 9

NG uLAsYgAans gl vee vinligeluiinainy

' v
= a v A

Wortulunisldeuuaznisamu daduauideidis
AOINTHAIUITEUUAANILAIDIASUAZAIINANAT
NAULATYFANEATE NI VLN YRR WA AL UY
a@031U Lagldn1snaaauLNIYadLE DTN LUUAB S
FufifadaszuuRnnunieefing viinsuseidlu

AUTIOULUALAUANAINNAULATYFANER S

2. nQuuazisn1satunisive
Tuaideiuvseenidu 3 dau ldud
2.1 N1580NLUUSLUURARNINAIIDITNINE G115 U
WNaLBad wase1ingwuuaesn 1y tnediioulunns

MUBDITEUUAANINANEITRE  USuyuiieaslila

ANAULTNS9E mﬁm&Timqqﬁqmluuﬁiazmuam R
THuvudnasaniendamianslun1sAIuIMLuRILans
Tuaunisl (1) waz (2) Tneaunisdl (2azwildainnis
ANANULTUSIH D1 AIA I UNTILALATUNEIINNAUNTS
7 (3) way (4) pruaIdy [11] wazyiin1sAIuIAl
AUAANAINTENININTTT1a0uasNAanlaeley

aunisi (5)

®=15(12-ST) (1)
IT:IF+IR (2)

1+cos B 1-cosP

Ip=ToRp pHa(——)plsHa(——) (3)
1-cos B 1+cos B
IR=TpRp g Hg(——)+pfh) (o) (——) (4)
Error=|M x100 (5)

t

o @ e yudlusvesansending () [9] ST Ae 1aan
a2901708 (hr) 1T I IR lp wag lg Ao A1A1uuSeE
afindsan funt dunds adednsesetiluslunwg
5¥AU wagAs@nseanglunuiseau (W/m?) audinu
Ror a2 Rpp Ao 8ns1d1un15a185ed 5192 lusuy
NuinBesiuiuiszuudumii sunds audu B
Ao Yud ey uAuLUITEAY p AB AIUTENBUATS
avfounessadending fih) Ao flsfdunisnszaieseiv
A8 [12] Xinea FID AN939 Uaig X AD Aiildannis
0 [13]
szuuRnmunserindidnuldesnuuulagldnis
VIULUUIUE T BLUUT 18092935 wULT R (Closed
Loop) Tasdinannisvinaruaalulasaoulnsaiass
(ESP32) 1¥eusefugrudeyaiietrdeyailsundiuia
wasiUSeuiisuaunissunlnenfind dusemnes
Tuewno$ (Linear Motor) myyunuideuls fauanslusy

i1

U1 9 auvuil 2 nangipu - 5UIAN 2567 n



RMUTL. Eng. J

9158153AINTSUAIENS UN1INgIaeNAlulads1vuIAaaIuY]

»
-

Auto

Y

01U
V

A071U2A159119U

laile

Manual

Y

32UV Auto 32UU Manual
| 9’ |
]
( aupsvieu )
IAND1999
I¥UU Auto

(Time Server)

'

ANUIULNTIL (W)
Srerunlmed 34 cm.

T lailes
A 4 A
w <= 34 iay w >= -34 w <= -35
(Suannyicngiussn) (HFpgIunn)
UOWOIUYWE 0.95588 Ul .
oM eTNEAYinaIu

(0.95588s = 1 84F1)

v

v

s 1< =
vawetnyavyulual 4 uin
(4 w7 = 1 9971)

1381 >= 17:00

v

nawasryudunan 72 3uni
(naugenuviayuny Tusen)

A, Fumeumsyinanuludiuseuudnludi

JUT 1 JUnaun1s1iIaIuTesssuuAnnINn9eing

i 9 avivil 2 nsngrAx - SuarAu 2567




RMUTL. Eng. J

158153AINTIUAIENS UN1INg1aenAlulads1vuIAaa 1UYT

5%UU Manual

nAY

aonuzdinm

Laifinsnadu

3 £
UBLADINIUTU-AY

UamaivgAvhy

UBMDSVIIAVLLTU-AY

¥. Yumaunisvhauludiussuunuauaugldn

v
o

E‘Uﬁ 1 TUADUNITINTUYDITEUURAMINAIIDTRE (G]IE))

2.2 1 JunSNAFeUANSTOULVRITLUURANIUAI
aniing Tneiflensnuuuszuufianuaandfingisouion
IvnsRRResEUUE AU Y adLaIe R LuUEDs
AN 430 Wp 31171 1 LR oﬁ”qgﬂﬁ 2 (Track) waz
ynsvaasndisuiisuiunned lfnssssuuianiy
ua9e19ing (Fixed-Tilt) ”qgﬂﬁ 2 (Without Track) Tnests
ADILHIITAAR SUUT UABUNTAMIE Y12 (Albedo 0.8)
é’mdmmqqmﬂﬁu 1 a3 whadesiuntinlunsiedle
Weaigy 18° lun1megauyinn1sinaautused
a1indluudazung 3 90 Il AMUULLHISLINIULY
LB U9v0ILAS (1) ATUAIILHIATIUSLIUEIUA1IWHS (1)

LAZATUANLHIATIUSIAEILUULKG (I5) A8LATaYInAN

AI1ULT UT9d 817 Mg (Pyranometer SP-110-SS,
ANuRAIALAA DY +1%) Sngumgiiunasaduatening
(Tp) LLazqmmﬁ?ﬁmmﬁau (1) Ingldanamesinalida
¥n K (Thermocouple Type K, AINARIALREDY £2°C)
sodfuiniestiufindoya Tnefsiamnudusdoniing
uazgamgiinertriuedestuiindoya (GRAPHTEC midi
LOGGER GL240) Yan1a sl W 190 sunstgas was
anfing lneldinseanrdslui Peacefair PZEM-025
(AuAAAA DY +1%) Twazideauandlugud 2 n1s
AUIUUITANTNNUDILNITAA LA TINS L UUED IR

[14] Muradlaanauniseebull

Bifacial PV

Ir % Track

PZEM-025, DC meter

Data Logger

Bifacial PV

Without track

g‘dﬁ 2 Lquﬁq@mﬂﬁm’sﬁﬁmzwammmmqmﬁmE‘]

U1 9 auvuil 2 nangipu - 5UIAN 2567 u



RMUTL. Eng. J
9158153AINTSUAIENS UN1INgIaeNAlulads1vuIAaaIuY]

| x 3. Han15IveLazanuse

v.)
an (| +| )X A 100 © 3.1 L“ﬁ‘mﬁ’]ﬁ@@ﬂLLUU?B‘UU@@WWN@’N@WﬁG}ET??’WT%I‘U

LASLYAALAIRTINSLUUEDIAY LBYINN1588NUUTLUY

Wo npy  AD UszAVBNINLNIYATLAIDTRNG, % - o v .
Annun9e17ing udalavinn1medeuAURLUE 1V

Vimax Ao usaiulnifligean, v - o o - ¥ -
FTUUAAAILAIDIT RS lAENITRAR ITE UUAARINADS

Imax A0 n3zualniingaan, A o sy u . o o y .
afindiiniuunsgaduasenfinduuuassinuiasiinis

I fe AAnudussdendindsunt, W/m’ v v Y e e A - - .
YaAranudusidoring (ossuuRnniuniseing

Ix  fAe AAUuSIdEeingaunt, W/m? . D g o
. Maululaard19a1a9uaLIal 8:00 — 16:00 U. Lie

A A NuUNSuLAsaLTaaLE e ing, m? o e v o a ey o
Wiguiguaianuussdo1nindflaainisnaasariu

AMLAINNSATIAMIEENNTT HansiUSeuisuAssy
2.3 MsUszdivaussauzvasseuulideyaaussouy - T .o v e
o 7 3 U1 AT bR aAINNNSNAaBel AN lnd LA BIR UAT
Y8IN1SHAR NN 1917 2.1 way 2.2 ulglunng Y - P
. T TAa1naunIsNIaAmaAIans wobuy93a1useunn
Uszlunasnulninindnlansi@nwin1sanasenig . v e m ede e &
. 8:00 — 8:40 U. AAULTUSTIFD RSN TAlAd AR NI
AARITTUUNA R PN A NTIULAID ARG AL WIS - . y . e A
AUNITNIAMAANENSNOANAIT LN IIARINAN]

LE9R 7RG UUFDINUNS BUTTUURAM LA ARGV N e -
WIALENA IR UANT A AF US nagdauvin LA AL

Maawdn 1 MW Tunundamdindesing wazdseiiuaiy A . .
ALV OUUSIUNTILNG LAYIINNITNAADINUIITEUU

AUAMIINUATEEAEATALANNTTT (7) (8) Wag (9) - o e va L o qw Y oo o
" Annunleefingdyinnulafdeariiliaiaiudused

mﬁmiwﬁizaznaﬁunu (Payback Period, PB) A e Z o - 2 \ -
21MAEUAINITUGILNUY 800 W/m” NY¥3963a1 1nedl

JunisfinsanyarnisamulssiuisuniSeuiiey

o

, AgeEn 1,449 W/m’ TuiianUszana 12:00 u. A1614A
vyaAmanauunuiildannnisamueel [15] awwnse

} , 532 W/m? fian 8:00 u. F9lnatAeeanuafilaanngunis
AMuradlaanaun1sy (7)

PB-— (7) - - -
B WaZARIEA 754 W/m?” fivaan 8:00 w. Fsfaiduraiy

\foyar1929uqMT (Net Present Value, NPV) waz

wwﬂzﬁmmam{ﬁﬁqaqm 1,434 W/m? f1nan 11:45 w.

HANA1AgaER 6.84% MIa1 10:10 U. Uawsgn 0.02%

a5 manauLnuni1ely (Internal Rate of Return, IRR , o - o o
( ) Y297a1 10:45 u. lnedia1auiananaede 2.31% 39

[16] @aunsadulaannaunisi (8) wazaunisn (9)

awnsagausula
ANUAINU 1600
(B-Co) €
NPV=X{, ), 8) § 1200 |
B,-C E:
Th gt © o
(I4IRR)" &
~ I~ I~ A U Yo ‘:::
\le PB fla seuzia1fuu (yean) Inv A A1lda18n1s g 0 -
o = o
s o = i 18893 @ N1INAaBY
a9 uUAnR184lATINTg (Baht) B AD yafInanauwny & . HUUTIReT | Manaae

sl (Baht/year) NPV Ao yan U3 Uuaws B, Ao 800 900 1000 1100 1200 1300 1400 1500 1600
Y 9 9
e

HanaULMLYaIlATINITul t (Baht) C, Ao Aunuves 4 v o o v ooa e s
JUN 3 AnuduiusArauuideindannisnaaes

U

Tasen15tud t (Baht) r e 8ms1Anam (Discount Rate) .
LAYINWUUINGDA

(%) n Aw 8181ATINTT (yean) war t Av Yvadlasanis P -
3.2 1 UMD UALTIAULVRITTUURANINAD

(year) A ¢ a <, ¢ a ¢
2IRNY q]’]ﬂz‘l.h/] 4 [ JUNANITNAABILNILYRALAID1NNE

u Uil 9 avuil 2 n3ngIpsl - suIAY 2567



RMUTL. Eng. J

158153AINTIUAIENS UN1INg1aenAlulads1vuIAaa 1UYT

©

wuvaesiulildRndsszuuRnmunasenfing v¥inis
vaaouluIud 23 unsIAu W.A.2566 1an 8:00 — 16:00 u.
INNSNAFBUNUIIAIANMTNSIF ARG 1UNTL LAY
Fruvdauss axflidduaulutiadiluautisnaussana
12:45 . Wilpuiy LAANAMILTNSFO NS A LN IS
Tuga91ia1 8:00 — 8:35 U. 919 nAsRuauinliLAALN
AvviauUsIUNAILHS J9vilriades TngA1ALY
Sedonfinddundsdirngean 489 W/m? Wenan 13:05 1.

a ¢

wazfidads 374 W/m? lunasiianudussderiing
AunindiAgean 1,008 W/m? fan 12:15 u. uaed
Anade 771 W/m? wazidlasauaianudusdending i
FAUNLLALAUNET VinlrA1ANUduS@ening sy
g9an 1,500 W/m” Wwae 1,149 W/m? Ingaanudused
o1findifutuardmavinlfgamgiunadintum Tned
ANgedn 60.2 °C 1aan 13.10 U, 1de 46.7 °C luvaii

gunillInaoNgegn 33.2 °C 1ady 25.3 °C

9 Y

1200 10

do%ind (W/m?)
g 8§ &

AuLtNTs

8.00 9.00 1000 11.00 1200 13.00 1400 1500 16.00
L381

JUM 4 Anuduiiussendnsananudusideninduas

gaunnInliifnfsszuURnmuAIeIng

dlefsanuansveaedduyiuiaznaf oo
Wad uaTeT R LUUAB IR U AR ISEUUR ARLRE A
NUIE NBULLUILLUAIANUT NS E 019 g A 1uvaadiAn
IndiAsatunsaflildfndessuuinaumsening Wesn
izasmfmqqLLazﬂ'wé’m3’m’ﬁaz1ﬁauuawaaﬁ‘yuﬁqmﬁ a3
AVIOUVRIANANUILLS E R P A s ANl ALA e
M uinsalapadugedoning @ umiussiRnd ssyuy
Ranumsoring axdienganiueilllldfadsszuuion
ssniingegeaau ewnszuuRnmunisefing il

wHgRIRINAUAeTIRdNaunaena AanduguR 5

w E

Evening position Noon position Morning position

JUN 5 AR URIUAaE 19138
Tngarpanudusdonfindauntnieigegn 1,033
W/m?” Avian 12:00 Y. wagdiaade 930 W/m?* Tuued
gaumndunsndanlndifsaiuunsilalafasaszuufinny
n29819108 lnelgun)dunegedn 61.7 °C uaziade

50.9 °C fauansluguil 6

1200

fadan

AanLtue

T T T
1200 13.00 1400 1500  16.00
LI81

T T
8.00 9.00 1000 11.00

LV 4 '

JUN 6 Anuduiussendnaanutusideinduas

YaUNITAAAITTUUAANLAIDTIRG

dleRsanaidslniuasyszansamnisnan
T sunstsanssE Uy mﬂg‘dﬁ 7 WUIUHT ARG
szuvAnaunefinddidsluinindaleganitumsd
Lildfndeszuufaniuniseniingnaoniian axiiud
§790281USTU0 11:55 — 12:40 1. 9 980 IULHINAR
m&alilelngddeety Wosmndurrefiuusdilals
aﬂé‘?ﬁwuammmmamﬁméé}%mﬂﬁ’umﬂawﬁmémmﬁqm
Tnofdaliiitanunsonanlduosunaiifndsssuuinny
e finddANgsan 364.20 W fi12an 12:40 u. (1@
325.82' W) Zjﬂﬂ’j’]LLNﬂﬁiﬂlﬁaﬂﬁz\‘lib’UUaﬂﬁl’m{md@’]ﬁ(ﬂé
Aanunsandnliildgsan 36042 W fitaan 12:50 u.
(@8 272.95 W) wazilofionsaniaiunuin unsinngs

SLUURRANLAIDIRRgaunsananndsulnile 2.62

i 9 avuii 2 nsngrau - Surreu 2567



RMUTL. Eng. J

9158153AINTSUAIENS UN1INgIaeNAlulads1vuIAaaIuY]

kWh/day S?dqmd']LLmqﬁiﬂlﬁﬁmﬁgﬁwuﬁmmumn
g iad M arursandandsarulaflaiies 2.20
kwh/dayluaus i vl e a1sanuszansamnisnan
Tlf1vosunitsdes nuinUsEanSAmue i RnRS

a ¢

JEUUAANINAINRIINGHAgeEn 15.78% 1ade 13.01%
a1k L laAan e szuuAnn1uniee1ing 78
A1geanT 15.13% Lady 12.05%

20

-
[

g g
e S
= 106
= w
o =
3G (1]
c b
e ‘ .

100 @ —o-P without-track P track F5@

— T without-track ----1 track

U T T T T T T T 0
8.00 9.00 1000 1100 1200 13.00 1400 1500 16.00

1381

JUN 7 anuduius sendneamdedniniindalduasy

o
a o

UsANSAINVDILKIN LI AR LA RAAITEUURAMIUAS

Rq

219181

NndoyansmaaesanIatanaieansing

ArmaalniAnanlnvesiagassyuulaneaunisi (10)

way (11)
Pithoutsack=1.4321 XI 02258 0-58201 . 021519, 027735 (10)
PTrack:25'70 1XIF0.07403 XIR0.50123 ><rl--a-1.0235 ><TPO.63117 (1 1)

v
o

1o Pwithouttrack, Prrack A9 mdslnliivesunsiildlafnss
LarAnRIsTUURARNUAIE1TARE ALY Ik Ik A8 AN
AT USIE 01N Y A 1 URU LA A 1URES (W/m?)
AWEIRU Ta, Tp A0 NN IRINGRULAT B UNYTUKS
(°C) MUy
Tnedlovimsiouiisunadilaanaunisyiusuas
uafilea1nn1snaandase wuin mdalriiindslelaely
auN159 UL BULT DU UNANISIAAOUDS O ILN AT
Aarsuarliifndssruuinauaisenfinddanlndifestu
Tnefameunanandeuads 0.02% way 0.06% ALAI

Tdamnsi (5) Tunsenuans daandluzui 8

frdalviva (W)

——Predict without-track
—a-Exptrack e Predict track

—a—Exp without-track

T T T T T T T

8.00 9.00 10.00 1100 1200 1300 1400 1500 16.00
a1

a

JUN 8 masliihindnlaseninanismeaswaznisly
AUNITYNUIYVDILEIT U AAR WAL AAAISEUURANY

A9D191M Y

duft 3 1 unsUssfiuanssauzveIsTUUNER
T ngsuLase1inguuuan s s afifnsfese Uy
AamunnsenfinduarldfngessuuRnmuniseniing
Tneldaunisviuieildaineaudiui 2 lnesraes
ns@Anwansaldruluiiufiaminerdowild smn
Foslval Inethlufadauuiiuneunianidvn annugs
Taseadns 1 wWns vuraiidanisings 1 MW 1nd

a =

unAnendoudld (azdgail 18.925 avsdignd 99.025)
TassunuivuIalazvilnvesgunsallussuulaely
TUSUNTY PVsyst SLNILYAa LAIB1IAE LUUADIATY
(LONGI LR4-72HBD-430M) ¥u1m 430 W 91U2U
2,635 LKY BULIOSIAOS (ABB PVS800-57-0500kW-A)
YUIR 500 kW 2 @2 1agduliasines 1 i1 AolEg
YU 77 @n3e U1U18YNTY 17 Wee wasBunesiines
AN 1 A7 ABWKITUIUY 78 @n39 11U10UNTY 17 WK
Tag29astni1vuIn 1 MW ﬁEULLUUﬁL%ﬁauﬁu‘ﬁﬂ
syUUve LI L ldRnd suarfad a5y uudany

A0 Asuansluguin 9

D .
o X nky Bl
17 x LR4-72HBD-430M Tnverter (500 kVA) MV transformer
77 Strings Injection point

D
AL

Inverter (500 kVA)

17 x LR4-72HBD-430M
78 Strings

JUN 9 19ashifwuamdinisinas 1 Mw

U 9 aviuil 2 nsngrax - SuarAy 2567



RMUTL. Eng. J

158153AINTIUAIENS UN1INg1aenAlulads1vuIAaa 1UYT

x1,000
~
S
J

—_
(=]
o

o]
o

60

WA (kwWh)

40

WAL

20

CaNl

dlefinsanamdnuldiindnldnaoadted
Tdaunisd (10) wazaunisy (11) Tuniseuim
Wesanifuaunisildaniiudoya a aniui
naaesadadeadanimivutgaundaldveyaan
Tsunsudu q wudn ndsulniinasanadannuns

ANAITEUURAAINAI9RTINEBY T 1,758.78 Lung

=p

Ynddalunel QGﬂdﬂLLNQﬁiﬂlﬁﬁﬂ@?di%UUaﬂm’m
A998 1,579.41 wnyinddalusded leAnidu
nasnandsulnin o N fad s ruUAanIuaag
o1finS IR NT R 179.37 wneSaddalusred uie
Wisdu 11.35% Sawandlugud 10
Tunsaviinisvrelawrazldludgyuuu
Feed-in Tariff (FIT) #5ud oluflusianvaeay
2.1679 vinaedlatnddalunazldsnsinomde
6.22% [5] wuiluszeziiar 1 U s1elaainnisuie
T v sunaii Ll ldfndsszuuRnniuniseing
3423996 UINAT WHITlARARITEUURARILAL
919imd 3,790,415 umeel duiefnszuuRnmaiy
A9 Ting IR seduiuty 366,419 Unsed
lusmziszuuildldfnfeszuuinniuniseringd
\JuAINY 21,829,381.08 UM A1nd1szUUTiAAd
TEUURANINA9DANG T T ITUA UL N AN AL

V899N AlY

U9 10 wasnulniiannisiunensatinmansauinmasnisangs 1 MW

MuieeriunarinsiadiesesuLniasssuuRnny
A98170 8 ﬁﬁﬁuamu 26,559,208.64 U Gaufay
spvuiiaildinofunisiigedneiiuiniosunnstaiu
1UTnsyuuiiRnaaszuuRnaiunise findasdalddne
Lﬂ'uiudmﬁqmmuqmswammmmamﬁmé fdilanseua
Suanszuuiiliifingds (Without-Track) wazfadaszuy
fan1un29819 08 (Track) G‘Tnuﬁmiugﬂﬁ' 11 1d0
NI1TUIAUANATUNITAMN UIEWNUT syuuTifnga
JEUUARMIUAINRITIngTsregia1Auny 7.01 U ui
niszuuiild@nfassuufanunieeindiisseinan
Aunu 6.38 T 1ilosanszuuiifndssruufianiunig
o1ingviudsaniuaerfindvilifiineuina
Taseas19vaaltnly F98pelin1siiusz oL R19v89
Tnseadranisindwinldldnuifadafiunnnia ludqy
vesyaA1dagiugns (NPV) syuviiladfindessuufamu
mqmﬁméﬁg’aﬁﬂﬂaqﬁqu% 14,692,713.81 U g4
N915vUUR AR asTUURAAILAL9eRREATAY (NPV)
11,910,512.54 U lusgdnsiwanaulnuniely
(IRR) 40453 UUT L findsuasfnn a5z uufaniunis
917img AN 12.80% waz 10.80% Aud1su dedan
Wnnidnsnenid ot mvunly 6.22% safuiisans
JEUUTIAUARBNITAINUY S18a2BuaRILanIlunisna

i1

i 9 avuii 2 nsngrau - Surreu 2567



a RMUTL. Eng. J

9158153A9N55UAIENT WnrInegragmaluladsrvuanaaiuul

Without-track 57018 3,423,996 Baht
AAA A A A A A A A A A A A A A A A A A A A

01 5 10 415 20 25¢
V%VYVVYYV*YVY Yyvyyvy Y vyl
ALK
350,000 Baht
\ \WABLIN 769,979.07 Baht
Wuasu
21,829,381.08 Baht MENY 310,813.95 Baht
1. flansruatuanszuuildlefnsessuuinauniefing
Track 57014 3,790,415 Baht

|
B

AREEE R RN NNES
-

A1 9L
350,000 Baht l
L‘UaEJULLNQ + YAAIUANIZUU i
1,932,769.77 Baht

'y
i

\J

Wuadmy
26,559,208.64 Baht ma*ﬁ'u 310,813.95 Baht

9. I’:ﬁﬂi%LLﬁLEL!EIG]SS‘U‘Uﬁaﬂmﬂi‘”‘UUﬁlﬂ(ﬂ'm@’NE]'WIGIEJ

JUT 11 fanszualivan

i 9 avivil 2 nsngrAx - SuarAu 2567



RMUTL. Eng. J

158153AINTIUAIENS UN1INg1aenAlulads1vuIAaa 1UYT

M19199 1 NITIATILVAUATUFANARTVUIANIEINTT

fnea 1 MW Tuszezian 19

s18azdun Without track Track
wa sl A ndale
1,579,407 1,748,427
(kWh/year)
wasar il 197 14
- 10,354.91
(kWh/year)
snelaarnnrsenelvin
3,423,996 3,790,415
(Baht)
Ruasu (Baht) 21,829,381.08  26,559,208.64
- A (Baht) 6,717,613.64 6,796,278.41
- UNILYAE WEIRI MY
Y 7,699,790.70 7,699,790.70
@2391u (Baht)
- a19ukg (Baht) 350,000 350,000
- @Y (Baht) 310,813.95 310,813.95
- Buniesines (Baht) 2,100,000.00  2,100,000.00
- lassads (Baht) 4,651,16279  9,302,325.58
SrElIAAUNU (year) 6.83 7.01
yarragdugns (NPV)
14,692,713.81  11,910,512.54
(Baht)
snsmanauwnun1ely
12.80 10.80
(IRR) (%)

UL FYYIULUY Feed-in Tariff (FIT) d1m50T 2565-2573 uasefing
(Solar Farm) WUURARSUURUAY 2.1679 Baht/kWh szeziian 25 3, 1dsna
monide 6.22% (5], snandinudanlndumiinedoudls 2.75 15 5181 1,500,00
v (Lifiadesyuu 123215, Fadeszuu 12.46 19) [17), unawaduasending
WUUEBIATY 430 W 51A1 3,311 U BU03AD3 (ABB PVS800-57-0500kW-
A) 2 §3 51A1 2,100,000 U™ [18]

4. unagy
ATeidvhnsUssdiuaussouziazauduen
NIFULATHFANENSVOITEUURNAINAID SIS
LRILAA LA ARG WUUEBIAUY 1aeviIn1sNaaed 3
AU dULINYINNITEDNLUUTEUUAARINAIIBTAINY
NUIINTINA0IAIANULTNSIEBIngveITE UURARIY
aeiing fanuianainagil 2.31% leldaunns
WIUBU995EUUAARILA0 T AL 7 sausula g
ntuludiuit 2 SwhnsvegounruTaduaeingd

3

TUAAN ILaLAAN ISEUUAANINAIIDINNE WU

o o

AFINA VDI TA A LAID AN T ARAAITEUURANY

ANOTIndladuagil 325.82 W aflA11InNIUHUYAE

LAIDITNAET LU AAR ISEUURANIUA9DI ARG AL AN

o o

Adsluiinady 272.95 W niowfiuiuia 18.26% uaz
WU IUSEANE AINVDIUNIT AR ITEUURARILAS
91indiade 13.01% qﬂm'ﬂl,l,mﬁllu'iﬁﬁm%aisuu
Aamunage1fingiades 12.05% i evin1svaaaulu
gl 2 Fslehdeyadildumiunendsnulnifinde
I@naoansdannuuusiaemisndaianslugiud 3

PUIMNAINUINANNER P VDI NRAAISETUURAAR Y

€

WNEIRAYILIRDT FITAIUINNITLEILYRALAID1ARE

lifinseszuufnaiuniseniindedil 1,579.41 une

|
o

Yaddaluaded (eAnnsdvelufriindaldludyan
WUU Feed-in Tariff (FiT) wuinlusseziian 1 U shela
annrsvelaieuneilaladnd a5z Ui anau
A9017ing 3,423,996 UMl TeunILHIAlaRnR
TUUAARNINAIIDINNE 3,790,415 UNAoT Ham19
iwléfag'ﬁ' 366,419 v msiaU TuvuzauAuAlung
AN UNUIN sruufi fadeszuufinnunaseingd

srerIanfuny 7.01 U uiundnszuunlddnnsssuy

& =

Aneundsefindniiszaniatauny 6.38 U Tudiuves

o &

artagiuanSsruunblAnAsEUURARILAI9R IR E

q q

4
fyaaUayUugns 14,692,713.81 UM a9ni158UY
PRndssTUURAmUmIRRdRilen (NPV) 11,910,512.54
v lunazdnsmansuununisly (RR) s8eszuuiil

v
a (7 {

ARILATANAITTUURAARIUAIITIANGNA 12.80%

=)

Ay 10.80% M1uaGU

5. Anfinssuusznna

AMEE I8 UAMIATINITHAALAY W AIU
Angamdugianisundsnunawnulunguyssine
DUTHUA M UUNANWITEAUTUANAANE1909INENRY
WHLUNAULNY unInendeudlyd Tunisaduanu
NuNIAny 2uvsveveuAmmeIfedundsy
wardawindouseasee (SEEU) AlWa1UTnw wazl

\ & a4 A ot a v &
ﬂ']']iJGU'JEJWiﬁaLﬂﬁ@ﬂN@Q‘Uﬂiﬂﬂuﬂqiaf\]ﬂﬂq U NU

i 9 avuii 2 nsngrau - Surreu 2567



RMUTL. Eng. J
9158153AINTSUAIENS UN1INgIaeNAlulads1vuIAaaIuY]

6. 1ANEI581999

(1]

Wallapa T. Division of electrical engineering
department of electrical engineering, auxiliary
systems. Available from: http://goc.egat.co.th
/ images/ gcc-event/ 2560/ articles/ 15-article.
pdf. [Accessed 18th July 2021].

Yusufoglu UA, Lee TH, Pletzer TM, Halm A,
Koduvelikulathu LJ, Comparotto C, Kopecek R,
Kurz H. Simulation of energy production by
bifacial modules with revision of ground
reflection. Energy Procedia. 2014; 55:389-95.
Sun X, Khan MR, Deline C, Alam MA.
Optimization and performance of bifacial solar
modules: A global perspective. Applied energy.
2018; 212:1601-10.

Tao Y, Bai J, Pachauri RK, Wang Y, Li J, Attaher
HK. Parameterizing mismatch loss in bifacial
photovoltaic modules with global deployment:
A comprehensive study. Applied Energy. 2021;
303:117636.
Kantha N, Mongkon S, Polvongsri S.
Performance and economic evaluation of
bifacial solar panel installation on the roof of
Kanchanaphisek King Rama 9th Sports Center
Building (Maejo University). RMUTI J Sci Technol.
2023; 2023:51-61.

Patel MT, Ahmed MS, Imran H, Butt NZ, Khan
MR, Alam MA. Global analysis of next-
generation utility-scale PV: Tracking bifacial
solar farms. Appl Energy. 2021; 290:116478.
and monofacial

Kilcr O, Koklu M. Bifacial

photovoltaik modul with tracker system
analysis. J Amasya Univ Inst Sci Technol.
2020;1(2):98-112.

Rao RR, Swetha HR, Srinivasan J, Ramasesha SK.
Comparison  of  performance of  solar
photovoltaics on dual axis tracker with fixed

axis at 13 N latitude. Curr Sci. 2015; 2087-94.

(9]

[10]

(14]

Bazyari S. A study on the effects of solar tracking
systems on the performance of photovoltaic
power plants. J Power Energy Eng. 201; 2(04):718.
Baengthit J, Polvongsri S. Performance study of
bifacial solar panel with and without solar
tracking system. International Conference on
Informatics, Agriculture, Engineering, Sciences
and Technology (IAMBEST 2023); 2023 May 24-
26; King Mongkut’s Institute of Technology
Ladkrabang Prince of Chumphon Campus. 2023;
34-39.

Durusoy B, Ozden T, Akinoglu BG. Solar
iradiation on the rear surface of bifacial solar
modules: a modeling approach. Sci Rep. 2020;
10(1):13300.

Janjai S. Solar Radiation. Nakhon Pathom:
Phetkasem Printing Group; 2017.

Nunak N, and

Suesut T. Measurement

Instrumentation.  Available  from: http://
foodnetworksolution.com/ wiki/ word/ 7240/
error, [Accessed 18th July 2021].

Chaiyat N. Thermal Renewable Energy Technology.
Chiang Mai: Office of Academic Administration and
Development, Magjo University; 2019.

Choowan T. A study of the economic value of
the paperless system in the company P.C.
Takashima (Thailand) Co., Ltd. Independent

Study. National Institute of Development

Administration, Bangkok; 2020; 102.

9ASSET. Chiang Mai real estate. Available from:
https://www.9 asset.com [Accessed 18th July
2021].

Pimmeelai C. The comparing analysis of PV power
plants performance between central inverters and
string inverters. Electrical Engineering. Available
from: http:// www.repository. rmuttacth /
xmlui/ bitstream/ 123456789/ 3334/1/ RMUTT-

158686.pdf, [Accessed 18th July 2021].

U 9 aviuil 2 nsngrax - SuarAy 2567


http://goc.egat.co.th/
https://www.9asset.com/




RMUTL Engineering Journal

Faculty of Engineering
Rajamangala University of technology Lanna

D1Sd1SIFADNSSUANIQOS

uxIdngdaoinaluladgsrsuvaaaiuun




	ปกหน้าวารสารฯ ปีที่ 9 ฉบับที่ 2 กรกรฎาคม - ธันวาคม 2567
	ว่าง - Copy - Copy (2)
	ส่วนแรก_Edited
	ว่าง - Copy - Copy (4)
	1.Influence of Durian Rind Cellulose Microfiber as the Fillers on the Mechanical Properties of Polylactic Acid Bio-composites
	ว่าง - Copy - Copy (3)
	2.Adsorption characteristics of methylene blue onto low-cost dried and calcined water hyacinth A batch and fixed-bed column study (แก้ไข)
	ว่าง - Copy
	3.Comparison of polypropylene flow index to increase injection efficiency
	ว่าง - Copy - Copy (6)
	4.เครื่องวิเคราะห์ค่าความเป็นกรดด่างและสารอาหารในดินเพื่อการเลือกปลูกพืชเศรษฐกิจที่เหมาะสม 2-12-67
	ว่าง - Copy - Copy (7)
	5.การเพิ่มความพร้อมการใช้งานเครื่องจักรของกระบวนการกรองน้ำ ในกระบวนการผลิตน้ำประปา  กรณีศึกษาโรงงานผลิตน้ำมหาสวัสดิ์
	6.อิทธิพลของค่าโมดูลัสความละเอียด ปริมาณเส้นใยโพลีโพรพิลีน และปริมาณโฟมต่อ
	ว่าง - Copy - Copy
	7.การประเมินสมรรถนะและความคุ้มค่าทางด้านเศรษฐศาสตร์ของระบบติดตามดวงอาทิตย์สำหรับแผงเซลล์แสงอาทิตย์แบบสองด้าน
	ว่าง - Copy - Copy (5)
	ปกหลังวารสารวิศวะสีทอง(26-5-65)



